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[bookmark: _Toc140322893]Abstract

This independent project looks to “save service time within NHS Wales, while accessing an on premises monolithic systems through VPN from mobile devices”.  It offers an introduction to the programme and challenges faced.  Through research it thematically explores enterprise networking solutions in MPLS and VPN, how trust can be added to a network in PKI and UEM through solutions it offers, while also exploring SAML and OAuth.  Research then looks at a combined solution in Microsoft Tunnel with cloud hosting options.  Ultimately a design for this solution is given, with findings during implementation shown, along with an evaluation through smoke testing, penetration test and inferred feedback from another’s domain research.  Ending in conclusion and future work.


[bookmark: _Toc140322894]Contents page
Declaration	1
Acknowledgement	1
Abstract	1
Contents page	2
Main chapters	4
1. Introduction	4
1.1 Background Rationale	5
1.2 Roles and responsibilities	6
1.3 Aim	7
1.4 Objectives/constraints	7
2. Literature review	7
2.1 Objectives and focus of research	7
2.2 Structure of literature review	8
2.3 Review of literature under subheadings	8
2.4 Literature review conclusion	23
3. Research	23
3.1 Research methodology	25
3.2 Link method to aim and objectives of research	26
3.3 Philosophical world views	26
3.4 Data collection method and their suitability	27
3.5 Sampling	29
3.6 Access and consent	29
3.7 Ethical considerations	29
3.8 Research method limitations	29
3.9. Planning	30
4. Design and Implementation	32
4.1 Design	32
4.2 Implementation	39
5. Evaluation	46
5.1 Smoke testing	47
5.2 Penetration test	49
5.3 Data	50
5.4 Differently	50
6. Conclusion and future work	51
6.1 Future work	51
7. Reflection	52
8. References	53
Annexure	59
1 MT deployment guide	59
2 MT deployment guide	59
3 MT networking insights	59
Appendix	60
1 MT POC in production	60
2 MT production	61


[bookmark: _Toc140322895]Main chapters

1. [bookmark: _Toc140322896]Introduction

This independent project is for the benefit of NHS Wales (NHS) on the behalf of Digital Health and Care Wales (DHCW).  It is specifically for a programme named the Welsh Community Care Information System (WCCIS), which has the ambitious goal upon completion, of making Wales the first country in the United Kingdom of having a single integrated community health and social care patient record.  Currently teams of community nurses, mental health specialists, social workers etc use separate, disconnected systems, or even paper to record the complex care needs of their patients[1].
The programme, which started in 2015, and has an expected life span of 12 years, is currently moving into the mobile enablement portion of the programme, with the enablement of “Integrate” application figure 1.  This will allow the community teams, to use WCCIS to record patient information, from mobile devices, such as mobile phones at the patient’s home.  The application makes use of an offline cache, for when the mobile device does not have network connectivity.  This can be used to work on pre downloaded patient records, and when network connectivity is made, the cached data is synchronised to the main database.  This cache is encrypted as AES 256 at rest[2].  The data is encrypted when in transit between the cache and database using TLS 1.3[3].
For a variety of reasons, which are not limited to this big national programme, it has been met with a series of delays which have led to the Public Accounts and Public Administration Committee auditing the programme and advising a “reset” and “course correct”[4] due to it being over budget and delayed compared to the plan[5].
[image: ]
Figure 1, Integrate Application
[bookmark: _Toc140322897]1.1 Background Rationale

WCCIS was initially procured by a single Local Authority (LA), from the supplier Advanced, with the decision being taken by the Welsh Assembly Government (WAG) that it should be converted to and expanded as a country wide system.  As such, DHCW were selected to host the solution within its two leased Wales based data centres, on behalf of the twenty-nine organisations which could ultimately use it.
This led to the solution being hosted, in an active passive configuration, accessible only from the Public Sector Broadband Aggregation (PSBA) network[6], which is a private Multiprotocol Label Switching (MPLS) network not accessible from the public network (without additional technologies such as virtual private networking (VPN)).
In 2021 the hardware for the platform was refreshed, to ensure all infrastructure was under support.  This expanded the solution’s life cycle, as is, until 2026.  After this date, the solution should be re architected so that it is public Cloud hosted, in line with UK government mandate[7].  Advanced have been asked to offer costs for making the current solution Internet facing, as this will offer a direct solution to both NHS and LA over TLS encryption, although this will take considerable time both commercially and through implementation.  A high-level design of the current solution can be seen in figure 2.
[image: ]
Figure 2, Simplified logical view of system components[8]
[bookmark: _Toc140322898]1.2 Roles and responsibilities

Table 1 outlines the roles and responsibilities of the various organisations.  The key take away is that the NHS and LA organisations are their own legal entities and are therefore free to manage the endpoints as they choose.  However, DHCW has historically worked directly with the NHS, to deliver value for money to taxpayers where possible delivering solutions under the banner of “Once for Wales”.  As an example, instead of every organisation maintaining its own email system, this was done once by DHCW.  Therefore, DHCW have additional responsibilities to the NHS, which they do not to LA.
	Organisation name
	Responsibility

	WAG
	Responsible for NHS and LA

	DHCW – Data Centre Team (DCS)
	Data centre hosting of the WCCIS solution, within colocation data centres and Linux servers

	DHCW – Cloud Team (Cloud)
	Azure hosting and routing

	DHCW – Identity Team (ICS)
	NHS Active Directory (AD) / Azure Active Directory (AAD)

	DHCW – Network Team (Network)
	NHS internet connectivity VPN and on premises routing

	Advanced
	Solutions edge firewalls, hardware, software, and internal networking of the WCCIS solution

	NHS Health boards
	Health worker endpoints, with supporting technologies from DHCW.  Responsible for VPN Profiles for their endpoints.

	LA
	LA worker endpoints and supporting technologies.  Responsible for VPN Profiles for their endpoints.

	PSBA
	Providers of MPLS network for NHS and LA


Table 1
[bookmark: _Toc140322899]1.3 Aim

[bookmark: _Toc138149256][bookmark: _Toc138262462]The aim of the independent project is to save service time within NHS Wales, when accessing on premises monolithic systems through VPN from mobile devices.
[bookmark: _Toc140322900]1.4 Objectives/constraints

	ID
	Description

	ID1
	Review current literature on the relevant domain.

	ID2
	Identify and record the methodological approach.

	ID3
	Design and implement a solution with respect to the aim.

	ID4
	Analyse the outcome of the solution.

	ID5
	Offer a conclusion and future work.


Table 2
[bookmark: _Toc140322901]2. Literature review

[bookmark: _Toc140322902]2.1 Objectives and focus of research

The areas of focus for research were based on the aim 1.3, which was gathered as part of the research detailed in section 3.

[bookmark: _Toc140322903]2.2 Structure of literature review

The structure of the literature review is thematic.  This structure pulls out themes noted from the collected qualitative data to which interpretation provides meaning to the research question[9].

[bookmark: _Toc140322904]2.3 Review of literature under subheadings

2.3.1 MPLS

A MPLS network, is a Wide Area Network (WAN) technology, which improves routing decisions, by placing tags on packets at egress, therefore reducing the routing overhead at subsequent hops.  MPLS abstracts routing through Virtual Router Interfaces (VRF), which allows the sharing of provider hardware by multiple businesses therefore sharing the hardware costs between them as well as the available bandwidth, while keeping data separate within the VLAN and layer 3 IP VPN while traffic flows over the core of the MPLS shared network[10].
MPLS networks are made up of routers, which hold specific roles, such as the Label Edge Router (LER), which labels IP packets, when they leave the customers local area network (LAN) with an outer header/label which can be compared to a post code on a shipping label.  Using just this information, Label Switch Routers (LSR) at the centre of the MPLS network, route the packet over the WAN, to the destination LER.  The LER then strips the label header/post code, exposing the customers route, routing it into their LAN via a customer router.  Conceptually this can be seen in figure 2.

[image: ]
Figure 2, MPLS network component roles[11]
Only the LER’s hold client routing information, specifically those of customers connected to them.  With the LSR routing tables (MPLS Domain) only holding the labels/post codes of the different LERs, this allows the MPLS network to be scalable and efficient [11].

2.3.2 Virtual Private Networking (VPN)

Secures a public network, by allowing private information to be passed along it, by encrypting the traffic before it is sent[12].  Although debatable, the author settles on the following two major branches of VPN :
Site to site – which are permanently connected tunnels, between two or more physically distant sites, either intranet or extranet based.
Remote access VPNs – which are either clientless, meaning they are web browser based and use a protocol such as https.  Or they are client based, which requires a client to be installed on the endpoint that connects to a server therefore establishing the secure VPN connection.
The MPLS network is site to site based, whereas the solution required to meet the aim of this paper will be remote access based.  Allowing an endpoint, to securely connect over the internet, to participate on the MPLS network.

2.3.2.1 Cisco anyconnect

As part of DHCW roles and responsibilities in NHS Wales they currently supply the NHS organisations with Cisco AnyConnect, a remote access VPN solution.  This is configured as seen in figure 3 which is licensed per user.
[image: ]
Figure 3, Logical view of a Cisco Adaptive Security Appliance deployment[13]
Cisco AnyConnect can be configured to accept certificates for authentication[14] delivered from Public Key Infrastructure (PKI) therefore replacing the challenge and response mechanisms seen by users, although with a high administrative overhead.  This can be either machine or user-based certificates.

2.3.3 PKI

Deals with establishing trust within a network.  In its simplest form it can be compared to a passport office (Certificate Authority (CA)), whose purpose as a trusted third-party is issuing passports to the public, after ensuring their identities (Certificate policy).  The passport (Public Key), viewed by systems such as border control of countries, as trusted, allows members of the public through if an identify check, photograph (Private Key), is passed.  Figure 4 shows a real-world example of a PKI.
[image: ]
Figure 4, Logical view of PKI components[15]
Like the interaction between passport office and public, with the member of publics photograph being contained within the passport, during public key creation, mathematically the devices private key, which is only known to it, is used.  This link, allows computers, to exchange encrypted messages using the public key as the cypher, but allows decryption only using the private key. 

2.3.3.1 CA

As shown in figure 4, there are two CAs displayed, there can be more depending on the design, but this is known as a 2-tier PKI[16].  In this example, they are the Root CA and Issuing CA.  The Root CA issues certificates to Issuing CA’s, which issue public certificates to endpoints.  If an Issuing CA becomes compromised its private key is exposed, meaning encryption is broken on all certificates it has issued.  Worse still, if the Root CA is compromised, the entire system is exposed.
As advised by the National Cyber Security Centre (NCSC) the Root CA should be hardware based, with the root key secured on an encrypted token, disconnected from the network and shutdown.  Moreover, robust policies should be in place, such as auditing and witnessing none of which is currently in place with the NHS Wales system[17].

2.3.4 SAML

Security assertion markup language (SAML) is a framework for communicating user entitlement, authentication, and other information through Extensible Markup Language (XML) [18].  SAML defines three key roles, the “User” initiating a connection to a “Service Provider” (SP) the system they wish to make use of, which through the framework directs the user to the appropriately configured “Identity Provider (IDP)”.  This flow can be seen in figure 5.

[image: ]
Figure 5, SAML workflow[18]
2.3.4.1 Token lifetime

Cisco AnyConnect, section 2.3.2.1, as the SP, can be administratively configured, to use an IDP, such as Azure Active Directory (AAD) through SAML.  This would allow single sign on (SSO), from the perspective of a single username and password for the user to use.  When the user initiates a connection, they would be diverted to authenticate against their businesses AAD, typically using the then familiar username and password which matches corporate email.  Once authenticated, the IDP sends a SAML token, known as a claim to the user.  The information within the claim is unique to the user, and SP, while containing an expiry.  If a user attempts to reauthenticate within the token’s lifetime, they will not be re prompted for their username and password.  The token’s lifetime can be changed up to a maximum of 1 day[19].

2.3.5 Unified Endpoint Management (UEM)

Is the evolution of Mobile Device Management (MDM)/Enterprise Mobility Management (EMM) suites adding capabilities to manage wearables, Chrome OS, and Internet of Thing devices etc while continuing core protection to corporate data with respect to Confidentiality, Integrity, and Availability (CIA)[20].  This can be seen in figure 6.

[image: ]
Figure 6, Evolution of MDM to UEM[21]

All members of NHS Wales, actively use Microsoft’s UEM Intune.  Two separate configurations will be required within the UEM, specifically the Microsoft Tunnel configuration and VPN Profiles.

2.3.5.1 Enrollment

Devices purchased within NHS Wales, should be enrolled to Intune as part of the procurement process.  This is achieved by using services from resellers such as Samsung or Apple in the form of Knox or Apple Business Manager[22], [23].  From the point of production, the device is then linked to Intune, meaning on first power on, or if correctly configured after factory reset it will always return to corporate management.

2.3.5.2 Conditional access

UEM integrated with the identity provider AAD can have conditional access security policies applied which control connections through “if” and “then” rule sets [24].  An example of this is “if” the user’s device is not marked as complaint, “then” do not provide access to corporate resources.  A conditional access policy being created can be seen in figure 7.
[image: ]
Figure 7, example of a conditional access policy in Azure[24]

2.3.5.2.1 compliant devices

The status of an endpoint is reported to Intune, such as operating system version or if the device has had its firmware altered.  These metrics can be used as part of a compliance policy[25], which are a set of rules which if passed flag the device as being complaint.  If for example, the compliance policy says iOS version 16+, then all older versions would be non-complaint.  This status can then be attached to a conditional access policy, figure 7 which can be applied to products integrating with the service. 
When all the features of 2.3.5 above are combined the various components build trust in the devices identify much like a PKI.  Although access would be dynamically revoked in this setup, which would be a manual step in PKI.

2.3.5.3 UEM enrolled device / VPN PROFILE

Intune can deploy VPN profiles to enrolled devices as well as software.  A VPN Profile is configuration, which is applied to Endpoints allowing the device/user to use corporate VPN.  The VPN Profile includes settings such as the DNS entry to connect to, per application settings and on demand rules which would negate a user having to manually configure their software.
[bookmark: _Hlk133079510]2.3.5.3.1 per app / always-on

Intune can control VPN connectivity behaviour, with features such as “per app” or “always-on”[26]–[29].  These modes can improve user experience or heighten security by creating and maintaining a VPN connection which is as named always on or gets created for specific application when they are launched.  Endpoint experimentation would be suggested by the NHS to discover the best configuration, as there is feature discrepancy that is not appropriately document between Android and IOS, as well as advantages and disadvantages to each.  For example, always-on may not suit data contracts, or per app on Android does not automatically launch VPN when the application is run whereas it does in IOS.  However, both features will significantly add to a deployed solution.

2.3.5.4 split tunneling

Is a technology applied to VPN solutions, shown in figure 8, that classifies traffic between being bound for the enterprise network or internet.  Depending on the rules, traffic will either be routed via the VPN tunnel or via the Internet Service Provider.  This has the advantage of consuming less VPN resources while being faster, although at the expense of security where traffic is no longer subject to other enterprise security systems such as proxy servers[30]

[image: ]
Figure 8, split tunnelling in action with untunneled path representing resource saving[31]

2.3.6 Microsoft tunnel (MT)

[bookmark: _Hlk132207349]Is a VPN solution for Android and iPadOS/iOS from Microsoft that is integrated with AAD[32].  As such it uses the same authentication, as Microsoft 365 services, OAuth 2.0 who’s token creation process can be seen in figure 9.  Authorization and refresh tokens created by other OAuth 2.0 systems, can have a lifetime of up to 90 days[33], giving the highest reduction in challenge response prompts to users without PKI integration.  It is licensed for use, as part of the Intune license which all NHS workers have.
[image: ]
Figure 9, OAuth token artifact creation process[34]

2.3.6.1 containers

Are comparable to Virtual Machines which through a Hypervisor abstract the operating system and everything running within it away from the physical Infrastructure, seen on the right-hand side of figure 10.  Containers provide these abstractions at the Host Operating System layer, left hand side of figure 10, using a solution such as Docker which is comparable to the Hypervisor.  Abstraction at this layer has advantages such as being lighter on the physical Infrastructure due to less operating systems, as well as loss of their ongoing management, with improved portability of the “Containerized Application” which can be moved with reproducibility to other Docker hosts of the same Host Operating System, which is of specific interest to Software Developers such as Microsoft as the MT solution can be configured once and deployed without change to customer DMZ’s[35][36].  Distractors would argue Container systems are less secure because if the single Host Operating System was compromised it would allow access to all, whereas Hypervisors give separation[37].
[image: ]
Figure 10, comparison of virtual machine and container application[38]

2.3.6.2 MT Management agent

MT has a management agent which is responsible for communicating between the MT Docker container and Intune, to retrieve configuration policies and send log files.  To be able to achieve this there are various firewall requirements to consider, such as being able to communicate on TCP 443 for the management agent and retrieval of the Docker Container[39].  Moreover, there are further URL whitelisting requirements comparable to general endpoints which consume Intune services[40].

2.3.6.3 udp channel using dtls

Information moves between computers, over networks with respect to rules called protocols, which applications will be designed to use depending on the desired outcome as different protocols have different strengths and weaknesses.
The conceptual framework of the Open Systems Interconnection Model (OSI) which describes the various functions of a network can be seen in figure 11 matched to protocols at that layer.
[image: ]
Figure 11, OSI model[41]
Relevant to this section, commonly IP (Internet Protocol) and TCP (Transmission Control Protocol) work in tandem to move information around the internet, such as web pages, email and some video streaming services which use buffering.  IP is connectionless, and therefore does not guarantee delivery of information.  It is enriched by the higher TCP, which is connection-orientated, adding guarantee of information delivery through handshaking mechanisms.  This means that data, which is then sent via IP, is eventually organised by TCP ensuring it is fully received and free of errors.  However, this overhead slows up the process of data transfer[42].
For certain applications, like video conferencing or voice over IP (VOIP) systems, to conduct real time collaboration, User Datagram Protocol (UDP) would be used.  Unlike TCP, UDP is connectionless, not guaranteeing delivery, experienced if one has used VOIP and the conversation drops out.  A connection-orientated protocol would not be suitable in this real time scenario as the time penalty introduced by error checking would stop the real time collaboration.
VPN solutions, depending on their configuration, encrypt traffic at layer 3 or above depending on how much packet data is to be obscured.  Data would be encapsulated moving down the OSI model, with IP information being added from the local network, and sent to a VPN gateway at the edge of the network, where it would once again be encapsulated and sent off to the distant network, working back up the OSI at the receiving end to retrieve the data.  As discussed by Irfaan Coonjah et al VPN solutions using TCP inside TCP, can suffer from competing connection-orientated calculations, which to the detriment of each other adjust automatic send receive rules which will slow the VPN transfer down.  This is known as TCP Meltdown[42].
MT avoids TCP Meltdown by using UDP for data transfer after a control channel is established as described in figure 12.  UDP is encrypted using Datagram Transport Layer Security (DTLS) which is an extension of TLS[43].
[image: ]
Figure 12, description of backup channel [Annexure 2]

2.3.6.4 Certificate pinning

Is a technique which looks to address limitations of PKI, where a man in the middle attack, could be used to spoof certificate checks figure 13.

[image: ]
Figure 13, man in the middle certificate spoofing attack[44]
 
This is achieved by knowledge of the other side of the connections public key being stored, as a hash value, which is then compared, alongside other checks to confirm the legitimacy of future connections [44].  If anything changes in the hash, the connection is aborted figure 14.
 
Due to use of certificate pinning in MT, inspection of traffic, such as by a firewall, would require termination of the secure channel, and therefore changing of the hash value.  Hence why inspection can only occur post termination of the tunnel by MT.

[image: ]
Figure 14, certificate pinning flow[44]

2.3.7 Azure

Is Microsoft public cloud computing offering, which Gartner defines as
	“a style of computing where scalable and elastic IT-enabled capabilities are
provided as a service to external customers using Internet technologies”[45]

Public clouds offer a variety of “as a service” groupings, with different responsibilities between what the provider and customer manage, at a high level this is explored in figure 15.
[image: ]
Figure 15, public cloud offering compared to component ownership[46]
2.3.7.1 Availability sets

Are groupings of virtual machines in Azure figure 16, which tag devices added to it so that Azure understands that they provide a common service[47].  Therefore, respect should be given to the machines around availability and redundancy, ensuring they would not go offline at the same time during provider management activities.  Availability sets inform “update” and “fault domains”.  Update domains guard against scheduled reboots, fault domains define devices with common power and networking.  When virtual machines are created, they must be associated with an availability set, they cannot be added later.  Therefore, it is important when considering future availability that the first machine built is assigned appropriately.
[image: ]
Figure 16, fault tolerance demarcation diagram[47]

2.3.7.2 Azure firewalls

Azure comprises of various firewall offerings, which start with the most basic of “Network security groups” (NSG) which act as simple firewalls at the Azure virtual network level (vNet).  They are free to use and give the ability to control traffic between virtual machines on the vNet, intra-networking and for inter-networks (external to the subnet)[48].  This can be seen in figure 17.
[image: ]
Figure 17, NSG vNet interaction[48]
“Azure Firewall”, builds upon the features of NSGs by providing various flavours of centrally managed firewall services[49], which add enterprise features as you move up the paid for tiers, such as traffic inspection for increased security figure 18.
[image: A picture containing text, screenshot, diagram, circle

Description automatically generated]
Figure 18, premium Azure firewall offering[49]
2.3.8 SSO

Although not identical to the proposal in this paper, research in the clinical space, from the perspective of login improvements and saving can be found.  Such as the paper by George Gellert et al “An evaluation of the clinical and financial value of workstation single sign on in 19 hospitals”[50].  This paper outlines the challenges faced by clinical teams, as well as a model for calculating time savings along with potential savings over the staff groups.  The headline figure in this research of 3.2 million dollar saving, for 19 hospitals demonstrates the potential work in this area can achieve.  This paper does not however, consider the ongoing savings from liberated staff time, or improvements in the patient journey.  This could push the figure higher, but is much harder to quantify, however an experiment which looked at multiple control groups, one with and one without the technology could be analysed, and a follow up on patient outcomes used to see what could be correlated such as reduction in waiting times, quicker discharge or less omission to hospital bed used.

[bookmark: _Toc140322905]2.4 Literature review conclusion

The literature review explores a common enterprise network setup of MPLS, and the necessity for VPN technologies to access them.  It then blends into solutions for aiding the aim in saving service time within NHS Wales when connecting to VPN from mobile devices.  These are summarised here as PKI certificates which would remove authentication prompts, SAML integration offering 24 hour token lifetimes and Microsoft Tunnel which by integrating directly into AAD exploits OAuth with a 90 day token lifetime.  The different solutions have their own requirements, which are also explored, specifically UEM features and Azure public cloud hosting.  It is rounded out by exploring a quantitative paper which looks specifically at time savings for clinical staff, through reduction of login times.  Although not directly related to the research in this paper, a proportion of what is outlined there should be expected from these efforts.

[bookmark: _Toc140322906]3. Research

As discussed by Kumar[51] it is more than a skill set, it is a way of thinking.  Usually this starts with an observation, which is further explored, to enhance understanding or reach an explanation, leading to a conclusion or inference, thus further developing one’s knowledge base or practical skills.  Figure 19 show the typical research process.
[image: ]
Figure 19, typical research process[9]
Research as a way of thinking is enhanced by considering oneself, ensuring you remain inquisitive, rational, critical of your process to safeguard your analysis as non-biased, truly valid, and relevant.
These traits are important not only to the research itself, but as noted by Gray[9] provide the curator of such research lifelong skills which are sought out by the globalized business world, with those business being data driven, or research sponsors looking for ‘value for money’ can then be evidenced.
To this end, typical processes can be further expanded, into fuller frameworks for research, helping to ensure the desired high qualities outcomes, as seen in the Saunders et al ‘Research Onion’ figure 20. 
[image: ]
Figure 20, research onion[52]
[bookmark: _Toc140322907]3.1 Research methodology

3.1.1 Methodological choice

There are two main methodological choices, quantitative and qualitative :
· Quantitative – data is statistically based, with a researcher looking to answer the “how many” or “what” of a question.
· Qualitative – data describes characteristics of a situation, often displayed in narrative form gathered from observation, interviews etc.
Both sets of data, are analysed for meaning, either through statistical analysis or interpretation of the narrative which is more difficult to be conclusive with.
Sometimes research spans both quantitative and qualitative, this is referred to as mixed.
The methodological choice used in this industrial research is qualitative.
3.1.2 Approach to theory development

The three major approaches to theory development are :
· Deduction – building valid conclusions from initial premises, this is the scientific method of investigation, hypothesis lead, with the conclusion being the soundest of the three.  It can also be thought of as top down, starting with gathered evidence, and working to fact.
· Induction – can be described as the opposite to deduction, starting with a small number of observations, and working from bottom up, to create a general conclusion.  Unlike deduction, inductive findings are only ever probable.
· Abduction – is made famous by criminal investigation, where the conclusion can only ever be probable, but its premise is built from factual data.
The above approaches have been over simplified, with real life research often alternating between them[53], [54].
The approach taken to theory development in this paper is inductive.

[bookmark: _Toc140322908]3.2 Link method to aim and objectives of research

The reason for this method inductive qualitative, is the outcomes will be subjective to perception.  The research was also constrained by several factors which were outside of the authors control, such as existing investments, and third-party endpoint administration meaning a lot of the research conducted was author to individual, or author to group to understand where the business and programme are currently, as opposed to being able to measure something quantitatively.

[bookmark: _Toc140322909]3.3 Philosophical world views

Four modern philosophical approaches can be seen in table 3, with brief descriptions.
[image: ]
Table 3, philosophical approaches[56]
This research to date is described as inductive qualitative, which aligns with the authors pragmatistic research approach which can harness both methodological choices.  If the product was usable by workers, and agreement was made with all parties, then an experiment could be designed collecting quantitative data which could be analysed across control sets.  This would allow confirmation of a hypothesis.


[bookmark: _Toc140322910]3.4 Data collection method and their suitability

3.4.1 Interviews

Most data gathered to inform the independent project was through meeting structures.  This was in the form of weekly programme meetings, weekly mobile focus groups, one to one with workplace mentor or ad-hoc meetings with programme members or technical specialists such as networking specialists.

3.4.1.1 Microsoft forms

Microsoft forms was used to survey staff on UEM, figure 21, with the results showing the prevalence of Intune.
[image: ]
Figure 21, questionnaire created through MS Forms

3.4.2 Documentation/audio visual

Existing internal documentation was used such as network maps, Visio diagrams etc to build a picture of what technologies were in place as well as supplier information on the products.  An obscured example of which can be seen in Figure 22.
This was also true for industrial literature on proposed solutions to the research question.

[image: ]
Figure 22, obscured high level network and component design diagram for WCCIS

3.4.3 Observation

Time was spent witnessing use of the application with the incumbent VPN solution, and the challenge of having to orienteer logins to the mobile phone, VPN and Integrate application.  As workers will travel between patient houses, these logins would need to be repeated at each stop.  This would add a significant barrier to the applications usability, which could lead to non-adoption.  Alternatively, adoption could be made but with the system being used at the start and end of shifts, defeating the purpose of mobilisation that could allow instantaneous processing of data[56].  This data specifically could be harnessed for quantitative research.




[bookmark: _Toc140322911]3.5 Sampling

Table 4 matches the method to sample type and size
	Method
	Sample Type
	Size

	Weekly interviews
	Convenience
	Up to 10 in a group

	1-1 interviews
	Purposeful
	4 separate individuals

	Microsoft forms
	Purposeful
	7 NHS leads polled

	Observation
	Purposeful
	3 separate individuals


Table 4
[bookmark: _Toc140322912]3.6 Access and consent

As required when conducting research, participants were informed prior to questioning of the nature of the research, and where it would be used.  It was explained that their anonymity would be respected, and they could withdraw their consent at any stage[57].

[bookmark: _Toc140322913]3.7 Ethical considerations

Ethically there was no considerations in this project, as nothing was carried out impacting health and safety of either the author or another.  If there was to be, then laboratory, animal or human rights would be respected to the fullest, the research would always attempt to increase well-being/avoid doing harm and the costs and benefits of the research would be distributed fairly[57].

[bookmark: _Toc140322914]3.8 Research method limitations

Ideally two independent reviewers should conduct literature searches and the data assessment.  This would limit any bias, and improve the quality of the research, limiting details which could be missed by an individual.
Literature in foreign language has created a barrier, meaning quality research could be missed or favour given to research.
The sampling groups are mainly made from IT personnel, as a wider selection of the work force wasn’t made possible as the Integrate application is yet to be rolled.  This calls into question their impartiality towards the programme.  Ideally, an experiment could be crafted once the product is delivered, with various control groups, in different organisations.  Different groups with work with the product, and the incumbent methods, allowing for comparison between data gathered.
The purposeful sampling types would be based on my human biases, and between colleagues.  This may lead to likeminded input on the question.  However, all purposeful sample types were with subject matter experts, but this could have been repeated against others within the business for a wider viewpoint.
[bookmark: _Toc140322915]3.9. Planning

3.9.1 Work plan and tasks

To implement Microsoft Tunnel the following tasks would need to be navigated:
· Pass Governance and Security boards
· Secure funding
· Hosting of Linux servers within Azure
· Deployment of necessary Networking changes
· Firewalls
· Load balancing
· Provision of public facing DNS record
· Provision of TLS certificate
· Configuration of VPN Profiles
· Installation of Microsoft Tunnel on Linux servers
· Enable Microsoft Tunnel to work with Conditional Access
· Apply Conditional Access rules
· Configure devices (Microsoft Defender for Endpoint[58])
Which would involve several teams, so it would be advisable to build a project plan with linked tasks.  The plan for this project can be seen in figure 23
[image: ]
Figure 23, water fall Gantt chart
3.9.2 Funding and budget

The Linux servers and supporting Infrastructure in Azure, will require financing at around £465 per month excluding VAT, figure 24, using hardware reservation[59].  Hardware can be reserved for a discount of up to 72%, which means you agree to pay for the products for either one or three years[60].
[image: ]
Figure 24, output from Azure costing estimate tool
Including VAT, a total projected per year price can be seen in table 5
	Reservation Length
	Yearly cost
	VAT
	Total projected price per year

	3 years
	5592
	1118.40
	6710.40


Table 5, projected yearly costs

[bookmark: _Toc140322916]4. Design and Implementation

With respect to this research a decision was made by the business to deploy Microsoft Tunnel.  This would overcome some of the business challenges already discussed, while leveraging public cloud’s intrinsic ability to decommission if the Integrate application was a failure.

[bookmark: _Toc140322917]4.1 Design

4.1.1 Microsoft tunnel high level design

MT consists of a Linux server, which hosts a Docker image, that contains the MT solution[61].  The Linux server can be hosted appropriately either in Azure, or on-premises.  If hosted in Azure, high bandwidth, low latency network connections to the on-premises resources are required.  At a high level the solution can be seen in figure 25
[image: ]
Figure 25, MT component overview[61]
The components of figure 25 are named in table 6
	Component
	Description

	A
	Microsoft Intune

	B
	Azure Active Direction (AAD)

	C123
	Linux server hosting MT Docker image

	D
	Public facing Fully Qualified Domain Name (FQDN)

	E
	UEM enrolled device

	F
	Firewall

	H
	Corporate Network

	I
	Public internet


Table 6
With a logic flow of components described as
1).	Intune administrator configures “Server configurations” and “Sites”.
2).	Intune administrator installs MT and the authentication plugin authenticates MT with Azure AAD.  MT server is assigned to a site.
3).	Management agent communicates to Intune to retrieve server configuration policies, and to send telemetry logs to Intune.
4).	Intune administrator creates and deploys VPN profiles and the Defender app to devices.
5).	Device authenticates to Azure AD.  Conditional Access policies are evaluated.
6).	If split tunnelling is enabled
6a).	Associated traffic goes to the public facing IP address of the tunnel.
		6b).	Other traffic goes directly to the public internet.
7).	The tunnel routes traffic to corporate resources.

4.1.2 Proof of concept

Initially the service will be built as a proof of concept (POC), which will consist of a single server, and acceptance that if something goes wrong with that server, then the services will be inaccessible.  However, the design will allow for the service to be expanded upon for resilience and growth if acceptable to service.  Therefore, decisions around naming will omit words like “Test”.

4.1.3 Hardware

Table 7 shows the number of devices supported by the corresponding hardware leased.  The Infrastructure as a service (IaaS) would initial be purchased in a pay as you go model (PAYG) from Azure.  Which would allow the service to be decommissioned if the product, WCCIS application, or solution were not fit for use.
[image: A picture containing text, screenshot, number, font

Description automatically generated]
Table 7, shows number of devices to required servers and their hardware specifications[62]
Using a third-party tool to search Azure, the suggested minimum configuration of 4 vCPUs and 4 GB’s of memory is not selectable as an option as seen in figure 26
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Figure 26, output from third party tool showing no 4vCPU/4 GB RAM virtual machines[63]
Therefore, a smaller virtual machine with less vCPU’s but larger amounts of RAM will have to be selected as 1000 devices would be higher than what a proof of concept would require, while offering the best value for money.

4.1.4 Auto

As the service will be running in a pay as you go model, to save additional money, a combination of stop and start logic apps[64] will be used to turn off and start the virtual machine outside of core hours.  Setting these at 0600 and 2000 will save ten hours of PAYG per day.

4.1.5 Linux server

MT is hosted on Linux which is an alternative operating system to Windows.  It is open source and free to use, although commercial customers may pay for updates and features[65], [66].  With the time of updates set with respect to 4.1.4.
The solution can make use of different distributions, although Red Hat Enterprise Linux (RHEL) is already in use within the business with subscription and is therefore preferred.  As such attention should be given to the need to manually load “ip_tables” which is a to be deprecated firewall system that the solution is compatible with[67], [68].
The RHEL server, would run the MT Docker container either through Docker CE or Podman.  The major differences being Docker CE is provided by Docker and Podman a RHEL solution.  Podman has a daemonless architecture, daemons being processes which run within the hosting operating system interacting with the container typically run with root (administrative) privileges, therefore until recently due to feature parity Podman would be viewed as securer[69].  Podman will be used in the implementation.
The IaaS RHEL servers would ultimately be hosted in both UK based Azure data centres known as the regions UK West (Cardiff) and UK South (London) for redundancy[70].

4.1.6 “Server configurations” and “Sites”

MT makes use of the concepts “Server configurations” and “Sites”.  Server configurations are created within Intune and hold the configurations which will be applied to the Docker image hosted on the Linux server.  These will include configurations such as the DNS server the Docker image will use, what IP range will be used by devices connecting to the solution, split tunnelling rules and a name to uniquely identify the solution.
Sites, are associated with Server configurations, and act as a group for containing Linux servers which will participate in the implementation of MT.  Sites contain the address endpoints will use to consume the service, as well as maintenance windows for the MT Docker image[32].
These options will be set as if the service is in production, allowing easy transition from POC.  Split tunnelling rules will be configured to only direct traffic bound for the WCCIS service.

4.1.7 Public facing Fully Qualified Domain Name (FQDN)

To make use of MT, user devices, configured via Intune, will have a VPN profile deployed to them.  As part of this configuration, the device will need to reach out to a DNS/FQDN[71] record to consume the service.  To this end business processes will need to be followed to register an appropriate external CNAME DNS entry[72], directed to Azure Traffic Manager, which would match the Site configuration section 4.1.6.
[bookmark: _Toc112235427]
4.1.8 Provision of TLS Certificate

To provide encrypted communication between MT and client devices, a Transport Layer Security (TLS) certificate will be required from an appropriate certificate authority registered against the appropriate domain.
When procuring the certificate, the Certificate Signing Request (CSR) file should include the fully qualified domain name, detailed in 4.1.6 associated to the following values within the file :
· Common Name (CN)
· Subject Alternative Name (SAN)

To be compatible with iPadOS/iOS devices, the certificate must be set to expire within two years [Annexure 1].
Once generated the certificates should be downloaded onto an appropriately secured device, and moved to their destination 

4.1.9 Load balancing (LB)

MT is a layer 3 VPN solution and as previously covered it does not support break and inspection of the tunnel, section 2.3.6.4.  To improve availability, load balancing solutions which respect this will be required to spread traffic over multiple Linux servers, to consume their hosted container.  Azure offers Azure Network Load Balancers (ANLB)[73] which operate at layer 3 for inter region LB (within UK West for example), and Azure Traffic Manager (ATM)[74] layer 7 for LB between regions (UK West and UK South).
4.1.10 Firewalls

As the traffic inbound cannot be inspected, it will be protected by NSG firewalls, rather than incurring the cost of the Azure Firewall Service.  However, where the traffic becomes unencrypted, and bound for the internal network, it will be passed through the Azure Firewall service for packet inspection, to ensure any compromise of an endpoint is dealt with appropriately.

4.1.11 Visio diagram

The Visio diagram figure 27 shows the logical arrangement of components which are called for in the design of Microsoft Tunnel.


Figure 27, MT within DHCW network
[bookmark: _Toc140322918]4.2 Implementation

4.2.1 Governance

With a design created and agreement of financial funding from the WCCIS programme, the Design in section 4, along with the plan 5 were taken to internal governance boards.  An assurance process for one board can be seen in figure 28
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Figure 28, DHCW governance flow
Due to the service being hosted on public cloud infrastructure, additional documentation such as a Cloud Risk Assessment (CRA) was required for the submission figure 29
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Figure 29, section from the completed CRA
These boards were passed, with the caveat of 4.1.4 to control costs and that prior to moving the service to production that the governance cycle would be repeated.

4.2.2 File name

The certificate was procured from a public CA and was securely downloaded to a Windows desktop which is used specifically for certificate management.  The certificate was then exported into a password protected .PFX file, which was transferred to the Linux servers using Secure Copy software for import and use.
After copying the file to the /etc/mstunnel/private folder, figure 30
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Figure 30, console feedback during installation
The installation continued to the error in figure 31
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Figure 31, SSL establishment error message
This was because the file name was bespoke, and not set specifically to “site.pfx”.  Once renamed Microsoft Tunnel was able to utilise the certificate.

4.2.3 Intune services

During the installation of Microsoft Tunnel, when the management agent is connected to Intune services, a form of two factor authentication must be passed through web browser interaction, and providing the code, figure 32.  Once this is complete, the server will be represented in Azure.
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Figure 32, further SSL establishment error
However, during the implementation an SSL connection failed to be established, to the manage.microsoft.com address.  Investigation of the Azure Firewall logs showed that that website address was being blocked, figure 33.  This was true for all further URLs discussed in section 2.3.6.2.
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Figure 33, screenshot from Azure firewall logs

4.2.4 Asymmetric routing

After getting tunnel connected and reporting into Azure, figure 34, a configured Endpoint was not able to connect.
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Figure 34, MT health overview from endpoint.microsoft.com
Nmap was used to scan the service, in comparison to one which was working.  This can be seen in figure 35 where the Linux server can be seen at the top, in an ignored state.  The desired outcome would be the open port, which would give the endpoint something to connect to.
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Figure 35, Nmap showing scanning outcome during troubleshooting
Ignored state suggests that a firewall is stopping traffic flow[75], although investigation of rules showed that was not the case.
Following troubleshooting calls, it became apparent that the requested design, 4.1.11, had not been implemented as agreed.  Instead, changes to the network architecture had been made, to force micro segmentation of network traffic, through the Azure Firewall, instead of NSGs.  This was creating an asymmetric routing issue, where because of the mis match between ingress and egress IP addresses, the stateful firewall was dropping the packets.
Once the workaround figure 36 was implemented, to drive connection through an IP address hosted and translated on the Azure firewall, the endpoint was able to successfully connect[76].  This amended design can be seen in appendix 1.
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Figure 36, Microsoft documentation on asymmetric routing

4.2.5 DNS split tunnelling

After connecting to MT, a simple test was undertaken to connect to a web page hosted within the core of the network.  However, when trying to traverse to the site after manually establishing a connection to MT, DNS lookup was failing.  To trouble shoot this, per-app VPN settings were used with the endpoint profile.  These override split tunnelling rules as seen in figure 37 
[image: ]Figure 37, endpoint operating system difference

The configuration in section 4.1.6 was then amended, to include the DNS server IP ranges.  When repeating the manual connection, the webpage was accessible.

4.2.6 Start up

When trying to connect to the service the following day, connections were met with the prompt seen in figure 38, which is the same error seen with the asymmetric routing issue section 4.2.4.

[image: ]
Figure 38, error message from endpoint
Firewalls become the focus of the error, but after rebooting the Linux server connections were restored.  The following morning, the service was interrupted again which a subsequent reboot resolved.  The focus now become the auto shutdown and start up settings section 4.1.4.
After viewing the log files for MT, the “Operation not permitted” errors were discovered, which match a known issue from Microsoft.  The solution as suggested was put in place, using a cron scheduling utility, a job to restart the services for MT after a reboot using the “mst-cli server restart” command[77].  Connection could once again be established figure 39.
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Figure 39, successful connection to MT

4.2.7 Routing

When moving onto testing the WCCIS application, the client was failing to connect to the server through MT.  It would get stuck “Authenticating” eventually timing out to the error figure 40
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Figure 40, Integrate application error message
Using the curl command from the Linux server, to test connectivity to the URL, figure 41, it was found that the server was also unable to connect.
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Figure 41, curl output from Linux server
When troubleshooting this issue, it was found that BGP advertisements were not in place between the data centre routers, Express route provider and Azure, for the PSBA network ranges, as this was the first service to consume a PSBA address from Azure.
Once the routes were advertised between the on-premises devices, and Azure, along with the corresponding firewall entries login feedback could be received from the Integrate application in the form of bad username and password.

[bookmark: _Toc140322919]5. Evaluation

As discussed in section 3.8, the Integrate application has not been rolled out to partner organisations, who are the asset owners.  As such it is not currently possible to arrange user feedback from the endpoints.  However, the solution was Smoke tested, in a limited fashion, figure 42, by the author and some of the technical staff responsible for deployment of the design in lieu of formal testing.  As described by Memon and Xie and referenced by Whyte et al[78] smoke testing reduces cost, risk and time to production, by testing critical functionality, against expected result, which are based on related oracles, which are knowledge on how the system should operate correctly.
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Figure 42, android emulator ran within developer studio showing limitation of Edge browser as non-functional[79]
[bookmark: _Toc140322920]5.1 Smoke testing

The following key applies to the smoke test outcomes :
P – Pass, working at the time of the smoke test
C – A configuration change is required to fix a failure
E – Exception, a risk managed workaround was put in place to manage a failure
N – Not able to carry out the test due to limitations outside of the control of the author
	Test Description
	Expected Result
	Oracle
	Outcome
	Reason

	Figure 34, MT health overview from endpoint.microsoft.com

	All green
	Microsoft best practice
	E
	Lower number of cores acceptable due to PAYG model

	Manually connect to MT from Android emulator test one
	Figure 39, successful connection to MT
	Microsoft white paper
	E
	4.2.4 asymmetric routing, figure 38, error message from endpoint.

	Test access to website over MT from Android and IOS
	Display website 
	Outcome from LAN
	C
	4.2.5 DNS addresses not included in split tunnelling rules

	Manually connect to MT from Android emulator test two
	Figure 39, successful connection to MT
	Microsoft white paper
	E
	Figure 38, error message from endpoint.  Cron job implemented.


	Manually connect to MT from Android emulator test three
	Figure 39, successful connection to MT
	Microsoft white paper
	P
	Figure 39, successful connection to MT


	Manually connect to MT from IOS test one
	Figure 39, successful connection to MT
	Microsoft white paper
	P
	Figure 39, successful connection to MT


	Manually re connect to MT from Android and IOS to confirm token authentication working
	Figure 39, successful connection to MT
	Microsoft white paper
	P
	Figure 39, successful connection to MT.  Access Token was accepted instead of reauthenticating.


	Reset user password, which revokes legitimacy of access token, manually re connect to MT from Android and IOS to confirm token rejection
	Re authentication prompts and conditional access checks
	Microsoft white paper
	P
	Legitimacy of access token revoked, recreation required by passing authentication checks

	Manually re connect to MT from Android and IOS to confirm refresh token creation, and expiry over 90 days
	No prompts within the window, and reauthentication after 90 days
	Microsoft white paper
	N
	No prompts within test window, but 90 days outside of scope

	Test VPN profile options such as always on, on demand
	Would negate the need for manual connections
	Microsoft white paper
	N
	Per app was tested, to discount split tunnelling rule 4.2.5 as an issue, per app did auto connect tunnel, but other options were not investigated

	Test Integrate application features from Android and IOS
	Different per feature
	Supplier documentation
	N
	Staff within the programme with login to WCCIS are yet to receive mobile devices to test MT on.

	Test performance of application over MT for both
	Within timings provided by the system supplier and comparable to Cisco AnyConnect
	Supplier documentation
	N
	Would provide a baseline to compare performance of service against in the future, including bandwidth consumption to gauge theoretical user limits.



Additional testing could be carried out on a production environment, demonstrated in appendix 2.  For example, loss of a RHEL server, or failover between data centres.

[bookmark: _Toc140322921]5.2 Penetration test

As per the plan, 3.9.1, the deployed solution was penetration tested by third party, to confirm the service would be secure.  This assessment flagged 4 highly rated remediations as seen in figure 43
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Figure 43, abstract from penetration test report
Which were specifically aimed at patching the RHEL server.  There were a further 6 medium alerts, which were not specific to MT, and 44 low/informational.  From a cyber security basis DHCW requires only highly rated remediations to be resolved, and medium on a case-by-case basis to move a service into production.  However, as highlighted by figure 44 from the report a third parties’ indication of risk, should be taken as such, and this penetration test has added an element of quality control as this configuration is in contradiction to the rootless design 4.1.5.
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Figure 44, Podman containers were not ran rootless
[bookmark: _Toc140322922]5.3 Data

Looking at research from other academic papers with user survey, such as “MFA is a necessary chore” by Sanchari Das et al[80], conclusions can be inferred to this work from the removal of what could be viewed as an additional login that is backed by MFA through leveraging token authentication in MT.
This paper highlights feedback from users in the shape of :
· “added security”, “double protection” or “frustrating to use”
· Extra time cost in launching MFA applications
· Device unavailable (battery drain / miss placed / lack of signal)
Although users largely accept the benefits security brings, leveraging tokens provides this assurance while removing these barriers.  With this data considered, and what is seen in the smoke test, I believe this paper backs up findings from its literature review, specifically 2.3.8 SSO roll out within hospitals with the addition of cost savings although on a smaller scale.  This both meets the aim and objectives.

[bookmark: _Toc140322923]5.4 Differently

As touched upon in section 4.2.4, the design was not implemented as requested, as change of direction within the Cloud team meant all traffic flows through the Azure Firewall appendix 1.  This ultimately compromised the project plan by several weeks, therefore allowing more time in the future for unknown issues would be advisable.
Earlier involvement of the on-premises network team, to enable establishment of BGP rules and associated firewall changes would have saved time.
An assumption was made that the programme had appropriate mobile devices to test MT from.


[bookmark: _Toc140322924]6. Conclusion and future work

The aim of this independent project was to save service time within NHS Wales, when accessing on premises monolithic systems through VPN from mobile devices.
The paper explores several options to resolve the aim, such as PKI, SAML integrations and OAuth, while clearly defining their benefit to the aim, which would be of interest to similar enterprises to make their own decisions based on.  The programme from this research, opted to deploy Microsoft Tunnel, detailed in this paper with a continually available design, with its integration with AAD negating reauthentication due to the shared refresh token with Office.  Moreover, licenses for the solution would be covered by access to UEM, instead of additional Cisco VPN licenses, along with if the Integrate application was a failure the Cloud infrastructure could be revoked without cost.  
Although specific to the authors business, this could be of interest to the million plus businesses which use the Azure service, a portion of which may wish to consume their own on premises monolithic systems[81].

[bookmark: _Toc140322925]6.1 Future work

As the product could not be placed with users, smoke testing along with other researchers’ literature was looked at to infer the benefit of this project.  Appropriate quantitative research, mimicking that by George Gellert et al 2.3.8, to prove time/cost savings both from the perspective of clinical staff time and patient referrals could be explored in the future.
During discussions for this project, it has been highlighted that other mobile systems could benefit from modern authentication while connecting to VPN by asset owners.  One asset owning organisation have shown interest in applying the same technology to Badgernet, a maternity system which would be used to share information between LA and NHS; and Wabbalogic which would be rolled out to all clinical staff allowing the capture of photographic clinical information.
Specifically, MT could be developed further to support Mobile Application Management.  This feature was added to the service after the design was complete, but would allow non Intune enrolled devices to consume MT.  This would mean users could use their own devices, with guarantees being given by the solution that application data would remain protected.  Moreover, exploring this option, may allow LA users to use DHCW’s MT solution, benefiting from lower latency network connections than they would be able to provide their users, as the WCCIS services is hosted by DHCW[82].
Future work could also look at expanding the solution using, Infrastructure as code.  Features here could allow for provisioning or deprovisioning of compute in the primary system to save money, or expansion into the secondary data centre as a requirement of failure.  As additional servers are built from a code repository, they would be identical, bar uniqueness like hostname.

[bookmark: _Toc140322926]7. Reflection

Reflecting on this independent project, through research it gave me the opportunity to galvanise my understanding of technologies such as MPLS, from a business perspective, as well as systems in use such as PKI.  I was also able to learn about authentication protocols such as SAML and OAuth and how they fit into enterprises within modern authentication with the evolution of IDP.  This then grew into Public Cloud exposure, specifically Azure, where I was able to get hands on design exposure to multiple offerings which make up this service.
Outside of the technology, by taking more of an active role in the project/budget aspects of the solution, I have a better appreciation of the challenges faced in those areas by the unknown.  This as much as the technical learning, will lead to better outcomes in the future.
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[bookmark: _Toc140322929]1    MT deployment guide
Previous research built upon for this paper, submitted for Industrial Research assignment.


[bookmark: _Toc140322930]2    MT deployment guide
Deployment guide created by Microsoft used to inform this paper.


3 [bookmark: _Toc140322931]MT networking insights
Specific paper released by Microsoft for Microsoft Tunnel to aid in network aspects, used during asymmetric routing issue.




[bookmark: _Toc140322932]Appendix

1 [bookmark: _Toc140322933]MT POC in production
Adjustment made to remove NSG and place external IP on Firewall to combat asymmetric routing.



2 [bookmark: _Toc140322934]MT production
Showing additional Linux servers in each data centre, supporting up to 5000 devices.  With fail over to UK South as a backup (Hardware PAYG model) due to only served by site-to-site VPN (low bandwidth).  Backed connectivity to DNS not shown from UK South although would be required.
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NOTE: MS Tunnel server maintains two connections/channels with the client. The main VPN
channel is established over TCP, HTTP and TLS. This is the control channel as well as the backup

data channel. After its establishment a UDP channel using DTLS (Datagram TLS) is initiated which
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the backup channel over TCP/TLS is being used.
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This industrial research looks to answer the question “With high user satisfaction what is the best way for NHS employees to access CareDirector Mobile from public networks?”.  It explores the often talked about Azure App Proxy, but rules this out, in favour of the lesser-known solution from Microsoft, Microsoft Tunnel, who’s advantage over incumbent VPN solution Cisco AnyConnect is spelt out, in leveraging single sign-on from Microsoft 365 to maximise user satisfaction without the need of Public Key Infrastructure.
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[bookmark: _Toc113559862]Introduction



The industrial research carried out in this paper is for the benefit of NHS Wales (NHS) of the behalf of Digital Health and Care Wales (DHCW).  It is specifically for a programme named the Welsh Community Care Information System (WCCIS), which has the ambitious goal upon completion, of making Wales the first country in the United Kingdom of having a single integrated community health and social care patient record.  Currently teams of community nurses, mental health specialists, social workers etc use separate, disconnected systems, or even paper to record the complex care needs of their patients[1].

The programme, which started in 2015, and has an expected life span of 12 years, is currently moving into the mobile enablement portion of the programme, with the enablement of “CareDirector Mobile” figure 1.  This will allow the community teams, to use WCCIS to record patient information, from mobile devices, such as mobile phones at the patient’s home.  The application makes use of an offline cache, for when the mobile device does not have network connectivity.  This can be used to work on pre downloaded patient records, and when network connectivity is made, the cached data is synchronised to the main database.  This cache is encrypted as AES 256 at rest[2].  The data is encrypted when in transit between the cache and database using TLS 1.3[3].

For a variety of reasons, which are not limited to this big national programme, it has been met with a series of delays which have led to the Public Accounts and Public Administration Committee auditing the programme and advising a “reset” and “course correct”[4] due to it being over budget and delayed compared to the plan[5].

[image: ]

Figure 1

[bookmark: _Toc113559863]1. Background Rationale



WCCIS was initially procured by a single Local Authority (LA), from the supplier Advanced, with the decision being taken by the Welsh Assembly Government (WAG) that it should be converted to and expanded as a country wide system.  As such, DHCW were selected to host the solution, on behalf of the twenty-nine organisations that will ultimately use it.

This led to the solution being held across two data centres in Wales, in an active passive configuration, accessible only from the Public Sector Broadband Aggregation (PSBA)[6] network, which is a private Multiprotocol Label Switching (MPLS) network not accessible from the public network (without additional technologies).

In 2021 the hardware for the platform was refreshed, to ensure all infrastructure was under support.  This expanded the solution’s life cycle, as is, until 2026.  After this date, the solution should be re architected so that it is public Cloud hosted, in line with UK government mandate[7].  Advanced have been asked to offer costs for making the current solution Internet facing, as this will offer a direct solution to both NHS and LA over TLS encryption, although this will take considerable time both commercially and through implementation.  A high-level design of the current solution can be seen in figure 2.





Figure 2

1.1 [bookmark: _Toc113559864]Roles and responsibilities



Table 1 outlines the roles and responsibilities of the various organisations.  The key take away is that the NHS and LA organisations are their own legal entities and are therefore free to manage the endpoints as they choose.  However, DHCW has historically worked directly with the NHS, to deliver value for money to taxpayers where possible delivering solutions under the banner of “once for Wales”.  As an example, instead of having every organisation maintain its own email system, this was done once by DHCW.  Therefore, DHCW have additional responsibilities to the NHS, which they do not to LA.

		Organisation name

		Responsibility



		WAG

		Responsible for NHS and LA



		DHCW

		Data centre hosting of the WCCIS solution



NHS internet connectivity and DMZ



NHS Active Directory (AD) / Azure Active Directory (AAD)



		Advanced

		Solutions edge firewalls, hardware, software, and internal networking of the WCCIS solution



		NHS

		Endpoint, with supporting technologies from DHCW



		LA

		Entire Endpoint solution



		PSBA

		Providers of MPLS network for NHS and LA





Table 1

[bookmark: _Toc113559865]1.1 Aim



The aim of this industrial research, with respect to constraints is to answer the question “With high user satisfaction what is the best way for NHS employees to access CareDirector Mobile from public networks?”.

[bookmark: _Toc113559866]1.2 Objectives/constraints



		ID

		Description



		ID1

		Enable a secure connection to PSBA network from mobile devices



		ID2

		The solution should be continually available



		ID3

		The solution should be scalable



		ID4

		Users should have high satisfaction when using the solution



		ID5

		The solution should leverage existing investments



		ID6

		The solution should be quick to deploy





Table 2

[bookmark: _Toc113559867]2. Literature review



[bookmark: _Toc113559868]2.1 Objectives and focus of research



The areas of focus for research were based on the objectives set out in section 1.2, which themselves were gathered as part of the research detailed in section 3.



[bookmark: _Toc113559869]2.2 Structure of literature review



The structure of the literature review is thematic.  This structure pulls out themes noted from the collected qualitative data to which interpretation provides meaning to the research question[8].

[bookmark: _Toc113559870]2.3 Review of literature under subheadings



2.3.1 Security



2.3.1.1 Mobile Device Management (MDM)



The devices which will be used to consume the solution, typically Android or iOS need to be secured, from malicious actors.  MDM solutions, allow corporations to control employee owned (Bring Your Own Device), or corporately provided devices to give assurance that the device is fit for use with business data.  It achieves this by monitoring devices for compliance, for example that the device has not been rooted[9], allowing features such as remote wipe for if the device becomes lost, and restricting what can be installed on the device etc.

An MDM solution will be required to support the roll out of CareDirector Mobile.  As part of this research the seven NHS organisations were asked about their MDM solution, the results of which are shown in figure 3.  Follow up conversations with the unknown, gave the answer of Intune, and the organisation using Mobile Iron are planning to migrate to Intune over time.  Therefore, there was a standard platform to leverage.



Figure 3

2.3.1.2 Conditional access



The NHS uses AAD for user identity, synchronised from a shared AD domain via Azure AD Connect[10].  AAD has a security feature called conditional access, which allows an administrator of the domain to build “if” and “then” rule sets.  An example of this is “if” the users IP address is outside of the UK, “then” require multi factor authentication (MFA).  Additional if/then scenarios can be seen in figure 4.

[image: ]

Figure 4[11]

It is important to highlight that conditional access is only part of an enterprise security solution, for example IP address can be changed, allowing the single check to be bypassed[12].

2.3.1.3 MFA



Is using two or more elements for authentication.  These elements can be characterised as

· Something you know, such as a password or PIN

· Something you have, mobile phone or digital certificate

· Something you are, being biometric information[13]

Weaknesses can be found in MFA approaches, allowing it to also be bypassed and as such it should continue to make up a layered approach to cyber defence with a drive towards passwordless authentication as seen in figure 5[14].

[image: ]

Figure 5[15]

2.3.2 Federated identity (modern authentication)



Can be summarised as delegation of authentication to a third-party identity provider (IDP), who using tokens and agreed standards[16], will relay authorization requests to resources on behalf of clients, with regard to the resource owner.  Using AAD as an example, this can be summarised in figure 6.

[image: ]

Figure 6[17]

Expanding on figure 6

· Authorization server – Secure database of end user’s identify, information and permissions; which brokers trusted relationships between the other pillars of the system below.

· Resource Owner – Is the user of the shared identify, which could be called by many different clients.

· Clients – Is the software application, that the user/resource owner wishes to use.

· Resource Server – Is typically where the data resides that the client requires access to and is normally fronted by a web API, which interprets data from the bearer token issued by the authorization server to make access decisions to the data.

2.3.2.1 OpenID vs saml vs oauth



As with many technologies, there can be several different implementations, this is true for modern authentication.  The major ones are compared in figure 7

[image: ]

Figure 7[18]

These can be used independently, or together to enable federated identifies and a modern authentication/authorisation process[19].

2.3.2.2 Single sign on (SSO)



During the authentication part of modern authentication, a token, which can be thought of like a web pages cookie is generated.  This file, created only after a user passes security, contains information unique to that user.  The flow of this process can be seen in figure 7.

[image: ]

Figure 7[20]

Using the common meta data in this file, other clients that the resource owner chooses to use can leverage the same token, therefore removing the need for the resource owner to re-authenticate.  This is referred to as SSO and as well as saving the user time, this can also improve security by reducing password fatigue[21].

2.3.3 Azure App-Proxy (AAP)



Securely exposes internal corporate web applications to the public network.  It does this by leveraging AAD, and the security technologies it provides covered above giving users a familiar experience.  Unlike other remote access solutions, being cloud based it can be more cost effective, as an organisation does not have to run demilitarized zones (DMZ) or other edge security devices.  Leveraging “Connectors” installed within the on-premises network the user can access the resource as seen in figure 8

[image: ]

Figure 8[22]

However, there are caveats with this technology, although the Microsoft documentation can be contradictory figure 9

[image: ]

Figure 9[23]

In the case of CareDirector Mobile, AAP would not offer a solution, as it will not allow the synchronisation of the offline cache.  It simply allows the web front end to be accessible on the public network, which would require public network connectivity that cannot be guaranteed.

3.3.4 Virtual Private Networking (VPN)



Allows users of public networks, such as the internet, to securely connect to a corporate network as if directly connected.  This is traditionally achieved by at the edge of the corporate network, within a DMZ (which is often an area between two firewalls), a VPN server is hosted, that user devices connect to via an encrypted tunnel, corporate data is then safely transmitted within.  A design of which can be seen in figure 10

[image: ]

Figure 10[24]

2.3.4.1 Cisco anyconnect



DHCW currently supplies the NHS organisations with Cisco AnyConnect, a VPN solution which requires user licensing, in a similar fashion to figure 10.  Authentication is configured in two ways

· Username and password + RSA token (Cisco ASA as the IDP)

· Username and password + AAD MFA (Microsoft as the IDP)

Cisco AnyConnect is configured in the latter, using Security Assertion Markup Language (SAML).  SAML a modern authentication system as described in 2.3.2 and can be configured to enable SSO in partnership with other Clients that use SAML[25].

In this configuration, with AAD as the IDP, although not currently configured, CA policies 2.3.1.2, can be configured for use with the service[26].

2.3.4.1.1 Public Key Infrastructure (PKI)



Cisco AnyConnect can be configured to accept certificates for authentication.  This can be either machine or user-based certificates.  However, the PKI’s infrastructure to support this is currently undergoing a re design and is not available for use by new services.

PKI adds trust to security seen in figure 11, through the concept of a Certificate Authority (CA), that all parties trust much like a passport office.  The CA creates a digital certificate, passport, which could have been presented to Cisco AnyConnect server instead of a username and password on corporately provided mobile phones[27].

[image: ]

Figure 11[28]

2.3.4.2 Microsoft tunnel (MT)



Is a VPN solution from Microsoft, which runs on Android and iPadOS/iOS that is integrated with AAD.  As such it uses the same modern authentication 2.3.2, as Microsoft 365 services, OAuth 2.0 who’s token creation process can be seen in figure 12.  This means that it can leverage authorization tokens created for example by Office 365 for SSO, thus removing or dramatically reducing the authentication prompts users would see for VPN.

[image: ]

Figure 12

MT consists of a Linux server, which hosts a Docker image, that contains the MT solution.  The Linux server can be hosted either in Azure, or on-premises within the corporate DMZ.  If hosted in Azure, high bandwidth, low latency network connections to the on-premises resources are required.  The solution can be seen in figure 13

[image: ]

Figure 13

It is licensed for use, as part of the Intune license which all NHS workers have.

2.3.4.2 per app / always-on



Intune can control VPN connectivity behaviour, with features such as “per app” or “always-on”[29]–[32].  These modes can improve user experience or heighten security by creating and maintaining a VPN connection which is as named always on or gets created for specific application when they are launched.  Endpoint experimentation would be suggested by the NHS to discover the best configuration, as there is feature discrepancy that is not appropriately document between Android and IOS, as well as advantages and disadvantages to each.  For example, always-on may not suit data contracts, or per app on Android does not automatically launch VPN when the application is ran whereas it does on IOS.  However, both features will significantly add to a deployed solution.



[bookmark: _Toc113559871]3. Research



As discussed by Kumar[33] it is more than a skill set, it is a way of thinking.  Usually this starts with an observation, which is further explored, to enhance understanding or reach an explanation, leading to a conclusion or inference, thus further developing one’s knowledge base or practical skills.  Figure 14 show the typical research process.

[image: ]

Figure 14[8]

Research as a way of thinking is enhanced by considering oneself, ensuring you remain inquisitive, rational, critical of your process to safeguard your analysis as non-biased, truly valid, and relevant.

These traits are important not only to the research itself, but as noted by Gray[8] provide the curator of such research lifelong skills which are sought out by the globalized business world, with those business being data driven, or research sponsors looking for ‘value for money’ can then be evidenced.

To this end, typical processes can be further expanded, into fuller frameworks for research, helping to ensure the desired high qualities outcomes, as seen in the Saunders et al ‘Research Onion’ figure 15. 

[image: ]

Figure 15[34]

[bookmark: _Toc113559872]3.1 Research methodology



3.1.1 Methodological choice



There are two main methodological choices, quantitative and qualitative :

· Quantitative – data is statistically based, with a researcher looking to answer the “how many” or “what” of a question.

· Qualitative – data describes characteristics of a situation, often displayed in narrative form gathered from observation, interviews etc.

Both sets of data, are analysed for meaning, either through statistical analysis or interpretation of the narrative which is more difficult to be conclusive with.

Sometimes research spans both quantitative and qualitative, this is referred to as mixed.

The methodological choice used in this industrial research is qualitative.

3.1.2 Approach to theory development



The three major approaches to theory development are :

· Deduction – building valid conclusions from initial premises, this is the scientific method of investigation, hypothesis lead, with the conclusion being the soundest of the three.  It can also be thought of as top down, starting with gathered evidence, and working to fact.

· Induction – can be described as the opposite to deduction, starting with a small number of observations, and working from bottom up, to create a general conclusion.  Unlike deduction, inductive findings are only ever probable.

· Abduction – is made famous by criminal investigation, where the conclusion can only ever be probable, but its premise is built from factual data.

The above approaches have been over simplified, with real life research often alternating between them[35], [36].

The approach taken to theory development in this paper is deductive.

[bookmark: _Toc113559873]3.2 Link method to aim and objectives of research



The reason for this method deductive qualitative, is the aim was subjective, to perception.  It was also constrained around several factors outside of the authors control, such as existing investments, which meant a lot of the research conducted was author to individual, or author to group to understand where the business and programme were currently, as opposed to being able to measure something quantitatively.  None the less the author’s research was top down, working with industrial best practice to conclusion.



[bookmark: _Toc113559874]3.4 Ontology and epistemology



Are both branches of philosophy.  Ontology, from the Greek word ontos, “being”, seeks the answer questions on entities such as what is ice, thunder, dreams, or God.  Whereas Epistemology, from the Greek word episteme, “knowledge” can be thought of as the mother of modern science, focused on the study of true knowledge, where do we go when we dream, or why does God make thunder ?[37]



3.4.1 Philosophical world views



Four modern philosophical approaches can be seen in table 3, with brief descriptions.

[image: ]

Table 3[38]

This research although described as deductive qualitative, which aligns with positivism the author has taken a pragmatistic approach which can harness both methodological choices.  At a later stage, with something usable this would likely change.



[bookmark: _Toc113559875]3.4 Data collection method and their suitability



3.4.1 Interviews



Most data gathered to inform the industrial research was through meeting structures.  This was in the form of weekly programme meetings, weekly mobile focus groups, one to one with workplace mentor or ad-hoc meetings with programme members or technical specialists such as networking specialists.

3.4.1.1 Microsoft forms



Microsoft forms was used to survey staff on MDM, figure 16, the result of which was explored in figure 2.

[image: ]

Figure 16

3.4.2 Documentation/audio visual



Existing internal documentation was used such as network maps, Visio diagrams etc to build a picture of what technologies were in place, as well as supplier information on the products.

This was also true for industrial literature on proposed solutions to the research question.

3.4.3 Observation



Data was also collected through observation of the mobile application, witnessing the issues of having to orienteer three separate logins.  Being mobile phone, VPN and CareDirector Mobile.  As the workflow of the team member would be to travel between patient houses, this would potentially need to be repeated at each stop.  Adding a significant barrier to the applications usability, which could lead to non-adoption or adoption but with the system being used morning and night, therefore defeating the purpose of mobile which would allow near real time syncing, and next step action on the data[38].

3.4.3.1 Security breach



During one observation, a member of the wider team explained that they had created work instructions, figure 17, for distributing the VPN client to the work force at large.  This included how to manually install and configure Cisco AnyConnect on unmanaged device, and how to proceed from there to connect said device to the NHS network.  This would mean that the NHS would have no visibility of the connecting endpoint from a software perspective, meaning it could be unpatched or contain malicious software, representing a risk to the network at large.  The author subsequently flagged this in line with procedures which is leading to change of the Cisco AnyConnect service.

[image: ]

Figure 17

[bookmark: _Toc113559876]3.5 Sampling



Table 4 matches the method to sample type and size

		Method

		Sample Type

		Size



		Weekly interviews

		Convenience

		Up to 10 in a group



		1-1 interviews

		Purposeful

		4 separate individuals



		Microsoft forms

		Purposeful

		7 NHS leads polled



		Observation

		Purposeful

		3 separate individuals





Table 4

[bookmark: _Toc113559877]3.6 Access and consent



As required when conducting research, participants were informed prior to questioning of the nature of the research, and where it would be used.  It was explained that their anonymity would be respected, and they could withdraw their consent at any stage[39].



[bookmark: _Toc113559878]3.7 Ethical considerations



Ethically there was no considerations in this project, as nothing was carried out impacting health and safety of either the author or another.  If there was to be, then laboratory, animal or human rights would be respected to the fullest, the research would always attempt to increase well-being/avoid doing harm and the costs and benefits of the research would be distributed fairly[39].



[bookmark: _Toc113559879]3.8 Research method limitations



Ideally two independent reviewers should conduct literature searches and the data assessment.  This would limit any bias, and improve the quality of the research, limiting details which could be missed by an individual.

Literature in foreign language has created a barrier, meaning quality research could be missed or favour given to research.

The sampling groups are mainly made from IT personnel, a wider selection of the work force wasn’t possible as CareDirector Mobile is yet to be rolled out generally, but this is a limitation.  This calls into question their impartiality towards the programme.

The purposeful sampling type would be based on my human biases, between colleagues.  This may lead to likeminded input on the question.  However, all purposeful sample types were with subject matter experts, but this could have been repeated against others within the business for a wider viewpoint. 



[bookmark: _Toc113559880]4. Planning



[bookmark: _Toc113559881]4.1 Project expectations



As outlined in table 2, the expectations of the project 

· To allow mobile devices to access CareDirector mobile from the public network

· This should leverage existing investments

· The solution should be quick to deploy

All of these could be satisfied by either developing Cisco AnyConnect or creating a new service with Microsoft Tunnel.

[bookmark: _Toc113559882]4.2 Problems that the project needs to address



However, the more elegant solution, would be Microsoft Tunnel from a user experience perspective, and would be cheaper at scale, as it is covered by the Intune license versus Cisco AnyConnect user licenses.

[bookmark: _Toc113559883]4.3 Work plan and tasks



To implement Microsoft Tunnel the following tasks would need to be navigated:

· Pass Governance and Security boards

· Secure funding

· Hosting of Linux servers

· On premises or in Azure ?

· Networking

· Firewalls

· Load balancing

· Provision of public facing DNS record

· Provision of TLS certificate

· Configuration of Endpoint Manager

· Installation of Microsoft Tunnel on Linux servers

· Enable Microsoft Tunnel to work with Conditional Access

· Apply Conditional Access rules

· Configure devices (Microsoft Defender for Endpoint[40])

Which would involve several teams, so it would be advisable to build a project plan with linked tasks.  An example plan for this assignment can be seen in figure 18

[image: ]

Figure 18

[bookmark: _Toc113559884]4.4 Funding and budget



If hosting the Linux servers in Azure, then the required finances would be around £466 per month excluding VAT figure 19 using hardware reservation[41].  Hardware can be reserved for a discount of up to 72%, which means you agree to pay for the products for either one or three years[42].

[image: ]

Figure 19

Including VAT, a total projected per year price can be seen in table 5 

		Reservation Length

		Yearly cost

		VAT

		Total projected price per year



		3 years

		5592

		1118.40

		6710.40





Table 5

[bookmark: _Toc113559885]4.5 Project limitations



The limitations are that Microsoft Tunnel would not offer a solution for Local Authority teams.

Endpoint experience needs to be confirmed through experimentation.

[bookmark: _Toc113559886]4.6 Project impact



If Microsoft Tunnel was implemented, it would mean that when community teams roamed from patient to patient, they would not have to re authenticate to a VPN solution, each time they lost signal.  Removing this barrier would positively impact system adoption and user experience, as well as saving valuable time.  It would also improve the speed of patients through the NHS, be it test requests or referrals.

There are also other potential use cases for MT outside of WCCIS, including IT systems procured and used directly by the NHS, where the systems are only accessible from the PSBA network.

[bookmark: _Toc113559887]5. Results and Conclusions



[bookmark: _Toc113559888]5.1 Findings



The research carried out shows that there are two ways to improve the user experience for mobile users when requiring VPN.  This can either be achieved by using Cisco VPN with certificate-based authentication or developing a new offering in Microsoft Tunnel.

Azure App Proxy does not offer a solution to the research question.  However, it could be explored for use on tablet type devices, which are securely connected to the PSBA network.  This group of devices would be in areas with pervasive Wi-Fi, therefore always network connected, negating the need of an offline capacity.  Therefore, having the CareDirector website securely publicly accessible would solve this use case.

[bookmark: _Toc113559889]5.2 Descriptive statistics or Inferential statistics



No statistical data was gathered as part of this industrial research, although subsequent research could look at time spent by the various care giving populations connecting to VPN using the different solutions as an example (if available).

This would give data, which could be analysed in its raw form, to find characteristics.  This would be descriptive statistical analysis, and would investigate things such as average time spent, variability between groups, or the distribution in these results as a percentage amongst other investigations of the data.  This analysis would give insight into the meaning of the data, which is shortened and presented graphically or numerically.

Inferential statistics are used to infer meaning from small data sets, with the meaning then being projected across entire populations.  For future papers a randomly selected set of health care workers, could have a paired sample test carried out against time spent authenticating.  The resulting data could be analysed to answer the question if the entire population uses this product, then this much time could be saved compared to other samples.

The key difference between the two is descriptive state facts on a proven population’s outcome, inferential makes predictions on larger populations from data, using recognised methods such as significance tests, correlation etc[43].



[bookmark: _Toc113559890]5.3 Main conclusion from research



When undertaking research, it is important to follow a methodology to ensure your results are without prejudice and accurate.   Effectively expressing your position and approach gives reassurance to readers, and further galvanises the worthiness of the work.

The findings held in this research paper, although specific to the authors business, do build upon the mass of other documents available about VPN on mobile devices by clearly outlining the major benefit of MT, in that it leverages a shared SSO experience with Microsoft Office 365.  This could be of relevance to the million plus business which use this service and would potentially be interested in VPN solutions[44].

Cloud computing has applied gravity to all areas of IT, and VPN technologies are not impervious, with some questioning is the technology dead[45]?  The fact Microsoft have developed a new VPN solution for mobile devices in 2022 shows that is not the case, but like Microsoft embracing Linux, things are changing for VPN either because of businesses opting to run workloads from public cloud, negating the requirement to VPN back to the local area network, or they are implementing solutions like Secure Access Service Edge delivering security from the cloud[46].  That said, businesses must make informed decisions which are best for them, which could be Microsoft Tunnel.





[bookmark: _Toc113559891]6. Recommendations



The author recommends that DHCW work towards piloting Microsoft Tunnel in the business, a high-level design of a pilot can be seen in figure 20, which would be ran in a pay as you go arrangement[47].





Figure 20

Once this is achieved, and business benefit proven, it could be grown into a production worthy solution.

[bookmark: _Toc113559892]6.1 Future direction of research



Run the pilot and quantify time/money savings quantitatively.

Create a feature matrix of per app and always-on VPN features.

Other project deliverables, table 2, would need to be investigated around continual availability, being scalable and how quickly a pilot and production service could be delivered would need to be answered.

Fully research and document questions specific to Azure (DHCW preferred supplier of public cloud) as a hosting service for example Network Security Group vs Firewalls, Resource Groups, Availability sets, Load balancing etc.

It would be good to understand what other systems could make use of this solution, in the wider NHS ecosystem.

Capture the impact of the TLS certificate cost to the service, cira £500 every X time, and penetration testing it as an internet facing service.

Although this solution would not be able to, the technology of Microsoft Tunnel, may offer a solution to Local Authorities consuming CareDirector Mobile, if DHCW hosted the docker images of Local Authority Microsoft Tunnel servers, in DHCW’s Azure partition, giving them low latency access to the application.  This needs to be explored.

Present the proposal at official governance groups within the business, enabling its adoption.
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This estimate was created at 8/18/2022 11:29:33 AM UTC.

Estimated upfront cost

£0.00

£0.00
£0.00
£0.00

£0.00






image23.emf

UK-West-DHCWDNS


UK-South-DHCWDNS


DNS11


DNS10


Advanced hosted 


equipment in DC1/


DC2 via PSBA


Express Route


tunnel.%domainname%


End User Mobile 


Device


NHS.NET


DNS Entry : tunnel.%domainname%


Type : A Record


Value : PIP TBC


DigiCert


PIP TBC


Azure Traffic Manager


UK-West-DHCWDMZ-MST-PublicIP


GIG10MST


UK-West-DHCWDMZ-MST-ResourceGroup


GIG10MSTRHEL001-NIC0


GIG10MSTRHEL001


GIG10MSTRHEL001-NIC1


UK-West-DHCWDMZ-GIG10MST-InternetFacing


Outter NSG


Each REHL 8.6 VM runs a PodMan Hosted Docker Image


Default Bridge 


10.88.0.0/16


Inbound ports : 


TCP 443 / UDP 443


Outbound ports : 


TCP 443


HTTPS access to mcr.microsoft.com / *.sts.windows.net / 


*.data.mcr.microsoft.com / *.blob.core.windows.net


Inner NSG


Azure Firewall


Advanced Firewall


Load balancer


CareDirector Mobile 1 CareDirector Mobile 2




Microsoft_Visio_Drawing1.vsdx

UK-West-DHCWDNS
UK-South-DHCWDNS
DNS11
DNS10
Advanced hosted equipment in DC1/DC2 via PSBA

Express Route





tunnel.%domainname%
End User Mobile Device

NHS.NET
DNS Entry : tunnel.%domainname%
Type : A Record
Value : PIP TBC
DigiCert
PIP TBC
Azure Traffic Manager
UK-West-DHCWDMZ-MST-PublicIP

GIG10MST
UK-West-DHCWDMZ-MST-ResourceGroup
GIG10MSTRHEL001-NIC0
GIG10MSTRHEL001
GIG10MSTRHEL001-NIC1
UK-West-DHCWDMZ-GIG10MST-InternetFacing

Outter NSG
Each REHL 8.6 VM runs a PodMan Hosted Docker Image
Default Bridge 10.88.0.0/16
Inbound ports : TCP 443 / UDP 443
Outbound ports : TCP 443
HTTPS access to mcr.microsoft.com / *.sts.windows.net / *.data.mcr.microsoft.com / *.blob.core.windows.net
Inner NSG
Azure Firewall
Advanced Firewall
Load balancer
CareDirector Mobile 1
CareDirector Mobile 2





image1.png








image50.emf
MST-Deployment_Gui de_v2.pdf


MST-Deployment_Guide_v2.pdf


1 
 


Microsoft Tunnel Deployment 
Guide – version 2 
 


Microsoft Tunnel – Deployment Guide  


Microsoft Corporation 


Published: October 2021 


Version: v2 


Authors: Bill Calero, Aaron Hamilton 


Contributors: Russ Young, Jack Poehlman, Martin Kirtchayan, Santos Martinez 


Abstract 


This document provides general guidance and the necessary configuration steps to deploy Microsoft Tunnel Gateway for the 


purpose of providing Intune MDM managed mobile devices access to on-premises resources.  The guide can be used for a lab 


or as a means of getting started in a production environment.  


 


Copyright Information 


This document is provided for informational purposes only and Microsoft makes no warranties, either express or implied, in this 


document.  Information in this document, including URL and other Internet Web site references, is subject to change without notice.  


The entire risk of the use or the results from the use of this document remains with the user.  Unless otherwise noted, the example 


companies, organizations, products, domain names, e-mail addresses, logos, people, places, and events depicted herein are 


fictitious, and no association with any real company, organization, product, domain name, e-mail address, logo, person, place, or 


event is intended or should be inferred.  Complying with all applicable copyright laws is the responsibility of the user.  Without 


limiting the rights under copyright, no part of this document may be reproduced, stored in or introduced into a retrieval system, or 


transmitted in any form or by any means (electronic, mechanical, photocopying, recording, or otherwise), or for any purpose, 


without the express written permission of Microsoft Corporation. 


 


Microsoft may have patents, patent applications, trademarks, copyrights, or other intellectual property rights covering subject 
matter in this document.  Except as expressly provided in any written license agreement from Microsoft, the furnishing of this 
document does not give you any license to these patents, trademarks, copyrights, or other intellectual property 


© 2021 Microsoft Corporation.  All rights reserved. 


All other trademarks are property of their respective owners.  







2 
 


Contents 
Overview ............................................................................................................................................................... 4 


Online documentation references ................................................................................................................... 4 


Architecture .......................................................................................................................................................... 5 


Tunnel Components: ........................................................................................................................................ 5 


Tunnel Actions: ................................................................................................................................................. 6 


Additional authentication and authorization details: ...................................................................................... 6 


Proxy notes: ...................................................................................................................................................... 7 


Planning ................................................................................................................................................................ 9 


Linux distributions ............................................................................................................................................ 9 


RHEL and Ubuntu Life Cycle Reference: ....................................................................................................... 9 


PKI Certificates ................................................................................................................................................ 10 


Option-1: TLS/SSL Certificate issued by a public Certificate Authority ...................................................... 10 


Option 2: TLS/SSL Certificate issued by an OnPrem Enterprise Microsoft CA ........................................... 13 


Guidance for TLS/SSL cert when Load Balancing MS Tunnel Gateway ...................................................... 23 


High Availability .............................................................................................................................................. 23 


Supported Azure Technologies for MS Tunnel load balancing configuration ............................................ 24 


Express Route ............................................................................................................................................. 25 


General Load Balancing recommendations ................................................................................................ 25 


Installation overview .......................................................................................................................................... 26 


Simple deployment outline: ........................................................................................................................... 26 


Advanced deployment outline – using Azure Network Load Balancer. ......................................................... 26 


Simple Deployment ............................................................................................................................................ 27 


Provision a Linux VM from Azure: using RHEL 8.4 .......................................................................................... 27 


Public DNS name resolution ........................................................................................................................... 35 


Connecting to the Linux VM over SSH: ........................................................................................................... 35 


A quick word about the sudo command ........................................................................................................ 37 


Installing Podman on RHEL 8.4 ....................................................................................................................... 37 


A quick word about “YUM” vs “DNF” package manager on RHEL ............................................................. 37 


Check for system updates on RHEL ............................................................................................................ 37 


Install Podman on RHEL 8.4 ........................................................................................................................ 37 


Copy TLS/SSL certificate for MS Tunnel Gateway .......................................................................................... 39 


Running the Microsoft Tunnel readiness tool ................................................................................................ 40 


MS Tunnel Gateway configuration using MEM console................................................................................. 43 


Install MS Tunnel Gateway on the Linux server ............................................................................................. 46 


Advanced Deployment ....................................................................................................................................... 54 







3 
 


Azure Network Load Balancing (NLB) ............................................................................................................. 55 


Create an Azure “Availability Set” .................................................................................................................. 55 


Provision two RHEL 8.4 VM’s specifying the “Availability Set” ...................................................................... 56 


Adding a 2nd Network Interface (NIC) to an Azure VM ............................................................................... 58 


Create a “Azure Network Load Balancer” ...................................................................................................... 61 


Using the MEM console, create the Tunnel Site and Server objects. ............................................................ 74 


Using Conditional Access (CA) with Tunnel .................................................................................................... 75 


Connecting a Mobile Device ............................................................................................................................... 79 


Create a MS Tunnel VPN profile ..................................................................................................................... 79 


Deploy the MS Tunnel client Applications ...................................................................................................... 80 


Using Microsoft Defender for Endpoint for Android .................................................................................. 80 


Using MS Tunnel for iOS ............................................................................................................................. 80 


An Example: using Android Enterprise: Personally-Owned Work Profile ...................................................... 81 


Deploy the Defender for Endpoint app for Android Enterprise ................................................................. 81 


Create a MS Tunnel VPN profile for Android Enterprise ............................................................................ 83 


Defender for Endpoint – MS Tunnel experience on Android Enterprise ................................................... 87 


Accessing on-premise resources using Edge .............................................................................................. 87 


An Example: using iOS/iPadOS ....................................................................................................................... 88 


Deploy the MS Tunnel app for iOS: ............................................................................................................ 88 


Create a MS Tunnel VPN profile for iOS ..................................................................................................... 90 


iOS per-app VPN using Edge mobile ........................................................................................................... 92 


Use the MS Tunnel app on iOS ................................................................................................................... 92 


Troubleshooting – networking, client app logs and more.................................................................................. 93 


General Linux host scenarios: ......................................................................................................................... 93 


Client-side logs ............................................................................................................................................... 95 


Operations .......................................................................................................................................................... 97 


Monitoring ...................................................................................................................................................... 98 


Logging ........................................................................................................................................................... 99 


Using Log Analytics ....................................................................................................................................... 101 


 


  







4 
 


Overview 
Microsoft (MS) Tunnel Gateway is a VPN gateway solution for Microsoft Endpoint Manager. The MS Tunnel service provides 


access to on-premises resources from Apple iOS/iPadOS and Android Enterprise devices using modern authentication and 


Conditional Access.  


MS Tunnel Gateway leverages the Open Container Initiative (OCI) to provide a container image of the MS Tunnel service.   MS 


Tunnel Gateway supports Docker and Podman as the underlying container engine.  A Linux server is required to run either 


Docker or Podman.  The Linux server can be a physical machine in your on-premises environment, or a virtual machine that’s 


running on-premises or in a cloud service such as Azure. 


This deployment guide provides a step-by-step approach to install and configure Microsoft Tunnel with a focus on the use of 


RedHat Enterprise Linux (RHEL) 8.4 as the Linux server host and Podman as the container engine for Microsoft Tunnel 


Gateway.  


Note: The decision to use RHEL was based on customer feedback as RHEL is widely used among many enterprise customers.  


When deploying MS Tunnel on RHEL 8 we recommend the use of Podman to ensure supportability with Red Hat. 


 


As part of this guide, we also cover the use of Azure Network Load Balancer for high availability of the MS Tunnel Gateway 


when deployed on a virtual machine in the Azure Cloud service.   


The deployment guide will cover: 


• Architecture 


• Planning 


• Installation 


• Connecting clients 


• Operations 


• Troubleshooting 


Online documentation references 
• Microsoft Tunnel Online Doc's Overview 


• Overview of Linux VMs in Azure - Azure Virtual Machines | Microsoft Docs 


• Microsoft Tunnel: Command-Line tools reference 


• Monitor the status of the Microsoft Tunnel VPN solution 


• Install Docker Engine on CentOS | Docker Documentation 


• Network endpoints for Microsoft Intune | Microsoft Docs 


• Create a Linux VM in Azure with multiple NICs - Azure Virtual Machines | Microsoft Docs 


• SSL Digital Certificate Authority - Encryption & Authentication (digicert.com) 


• Let's Encrypt - Free TLS/SSL Certificates (letsencrypt.org) 


• DNS | Microsoft Azure 


  



https://docs.microsoft.com/en-us/mem/intune/protect/microsoft-tunnel-overview#overview-of-microsoft-tunnel

https://docs.microsoft.com/en-us/azure/virtual-machines/linux/overview

https://docs.microsoft.com/en-us/mem/intune/protect/microsoft-tunnel-reference

https://docs.microsoft.com/en-us/mem/intune/protect/microsoft-tunnel-monitor

https://docs.docker.com/engine/install/centos/

https://docs.microsoft.com/en-us/mem/intune/fundamentals/intune-endpoints

https://docs.microsoft.com/en-us/azure/virtual-machines/linux/multiple-nics

https://www.digicert.com/

https://letsencrypt.org/

https://azure.microsoft.com/en-us/services/dns/
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Architecture 
The following is an excerpt from our online documentation: Learn about the Microsoft Tunnel VPN solution for Microsoft 


Intune | Microsoft Docs 


 


The diagram below is the high-level architecture of the MS Tunnel Gateway components, configuration/deployment actions, 


and authentication/connection flows:  


 


Tunnel Components: 
• A – Microsoft Intune cloud service 


• B- Azure Active Directory (AAD). 


• C – Linux server with *Docker  


o C.1 – Microsoft (MS) Tunnel Gateway. 


o C.2 – Management Agent. 


o C.3 – Authentication plugin – Authorization plugin, which authenticates with Azure AD. 


• D – Public facing IP or FQDN of the Microsoft Tunnel, which can represent a load balancer. 


• E – Mobile Device Management (MDM) enrolled device. 


• F – Firewall 


• G – Internal Proxy Server (optional). 


• H – Corporate Network. 


• I – Public internet. 


 
NOTE: The diagram above shows Docker as the container engine.  When using RHEL 8.4+, Podman is the required 


container engine.  


  



https://docs.microsoft.com/en-us/mem/intune/protect/microsoft-tunnel-overview

https://docs.microsoft.com/en-us/mem/intune/protect/microsoft-tunnel-overview





6 
 


Tunnel Actions: 
• 1 - Intune administrator configures Server configurations and Sites. Server configurations are associated with Sites.   


The server configuration contains the DHCP address pool for clients, the DNS servers that clients will use, 


configuration for split tunneling, and what internal address ranges will be explicitly allowed or denied.  Sites are 


logical groups created to apply a common server configuration to one or more servers.  In most cases these sites 


would represent your data centers or physical locations. 


• 2 - Intune administrator installs MS Tunnel Gateway, and the authentication plugin authenticates MS Tunnel Gateway 


with Azure AD. MS Tunnel Gateway server is assigned to a site. 


• 3 - Management Agent communicates to Intune to retrieve your server configuration policies, and to send telemetry 


logs to Intune. 


• 4 - Intune administrator creates and deploys VPN profiles and the Tunnel app to devices. 


• 5 - Device authenticates to Azure AD. Conditional Access policies are evaluated. 


• 6 - With split tunnel: 


o 6a - Some traffic goes directly to the public internet. 


o 6b - Some traffic goes to your public facing IP address for the Tunnel. 


• 7 - The Tunnel routes traffic to your internal proxy (optional) and your corporate network. (Note: client traffic will 


have the source IP address of the Linux server host, MS Tunnel gateway uses port address translation (PAT).  PAT is a 


type of NAT where the multiple private IP addresses are mapped into a single public IP (many-to-one) by using ports. 


 


NOTE: MS Tunnel server maintains two connections/channels with the client. The main VPN channel is established 


over TCP, HTTP and TLS. This is the control channel as well as the backup data channel. After its establishment a 


UDP channel using DTLS (Datagram TLS) is initiated which serves as the main data channel. If the UDP channel fails 


to establish or is temporarily unavailable the backup channel over TCP/TLS is being used.  


 


Additional authentication and authorization details: 
• Conditional Access (CA) is accomplished via the VPN client and is based creating a CA rule targeting the cloud app “MS 


Tunnel Gateway”.  Non-compliant devices won’t receive an access token from Azure AD and can’t access the VPN 


server unless they meet the grant condition for that CA rule. For more information about using Conditional Access 


with Microsoft Tunnel, see Use Conditional Access with the Microsoft Tunnel. 


• The Management Agent is authorized against Azure AD using Azure app ID/secret keys. 


• The Tunnel Gateway server uses PAT to provide addresses to VPN clients that are connecting to the corporate 


network. 


• MS Tunnel client authentication makes use of “certificate pinning”, an online application security technique, 


originally devised as a means of thwarting man-in-the-middle attacks (MITM), that accepts only authorized 


(“pinned”) certificates for authentication of client-server connections. Any attempted secure connection 


requests utilizing certificates other than the pinned certificate are refused.  As a result, Tunnel does not support 


break and inspect functionality for clients.  Use of firewalls, proxies, load balancers, or any technology that terminates 


and inspects the client sessions (Refer to F, D, and C in Architecture diagram above) going into the Tunnel Gateway 


are not supported and will cause clients connections to fail.  However, you can use “break and inspect” technologies 


at the Internal proxy server (Refer to G in the Architectural diagram) as long as this is supported by the destination 


server/service on the internal network (Refer to H in the Architectural diagram). 


 


  



https://en.wikipedia.org/wiki/Datagram_Transport_Layer_Security

https://docs.microsoft.com/en-us/mem/intune/protect/microsoft-tunnel-conditional-access
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Proxy notes: 
As the Architecture diagram shows, you can use a proxy server with MS Tunnel (refer to G in the diagram).  The 


following details can be used to help configure an internal proxy when using RHEL 8.4 and Podman:  


• Podman reads HTTP Proxy information stored in /etc/profile.d/http_proxy.sh  You need to add the following 


2 lines to the file http_proxy.sh (if the file does not exist, create it):   


o Add the following 2 lines (replace with your proxy IP address:port) 


export HTTP_PROXY=http://10.10.10.1:3128 


export HTTPS_PROXY=http://10.10.10.1:3128 


Note: if you have access to RedHat Customer Portal, you can view the knowledgebase article 


associated with this solution: Setting up HTTP Proxy variables for podman - Red Hat Customer Portal 


 


• If you add the above, before you install MS Tunnel, then when you run the “mstunnel-setup” script, it will 


automatically configure the MS Tunnel proxy environment variables in /etc/mstunnel/env.sh 


 


If you wish to configure a proxy post the MS Tunnel setup, then you will need to: 


o Modify/create /etc/profile.d/http_proxy.sh – refer to detail above. 


o Edit /etc/mstunnel/env.sh and add the following 2 lines to end of the file (replace with your proxy ip 


address:port): 


 


HTTP_PROXY=http://10.10.10.1:3128 


HTTPS_PROXY=http://10.10.10.1:3128 


o Restart MS Tunnel server via SSH session:  


mst-cli server restart 


 


• RHEL uses SELinux. If your proxy is running on one of the SELinux ports for “http_port_t”, then you can simply 


proceed with the MS Tunnel install process outlined in this guide.  Use the following command to view the 


SELinux managed ports for http: 


 


sudo semanage port -l | grep “http_port_t” 


 
 


Example:  


If your proxy port is listed for “http_port_t” you’re good to proceed with the installation as outlined in the 


guide.   


 


If your proxy port is not listed for “http_port_t”, then check if the proxy port is used by another service.  Use 


the following command to check: 


 


sudo semanage port -l | grep “your proxy port” 



https://access.redhat.com/solutions/3939131
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Example:  


 


In the example above, port 3128 is used by squid (Note: squid is an OSS proxy service.  Squid proxy SELinux 


policies are baked into popular distros.)   


What we need to do is modify the “http_port_t” ports and add port 3128 to be allowed via SELinux for the 


proxy used by Tunnel.  To do this run the following command: 


 


 sudo semanage port -m -t http_port_t -p tcp “your proxy port” 


Example: 


 
 


Confirm setting (note: you will see port 3128 associated with “http_port_t” and “squid_port_t”) 


 
 


If your proxy port is not listed when running “sudo semanage port -l | grep YOUR_PROXY_PORT”, then 


replace the “-m” in the semanage command above with “-a” as shown below: 


 


sudo semanage port -a -t http_port_t -p tcp “your proxy port” 


 
Done. You can proceed with the MS Tunnel installation outlined in the guide. 


 


• Authenticated proxies aren't supported. 


• The proxy can’t perform break and inspect because MS Tunnel server and agent uses TLS mutual 


authentication when connecting to Intune.  See additional break and inspect insights called out in “Additional 


authentication and authorization details” above.  If break and inspect is enabled on the proxy server, network 


admins will need to white-list the Tunnel IP address/FQDN.  


• Final note - The MS Tunnel VPN client profile that gets delivered to mobile clients also supports a proxy 


configuration. This proxy does allow for “Break and Inspect” if you wish to employ this feature on your 


internal proxy server.   
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Planning 
In preparation for the MS Tunnel Gateway deployment a few key decisions need to be made: 


• Choose the Linux distribution to host MS Tunnel Gateway 


o physical vs virtual 


o on-premises vs cloud  


• PKI Certificates (public certificate authority (CA) issued TLS/SSL cert vs on-premises CA issued) 


• Load Balancing strategy and technologies for MS Tunnel Gateway 


This guide covers the essentials with insights and provides a guided set of instructions for: 


• Deploying MS Tunnel Gateway using RHEL 8.4 + Podman hosted in Azure. 


• Instructions for using a public issued or on-premises TLS/SSL certificate 


• How to load balance multiple MS Tunnel Gateway servers using Azure Network Load Balancer service 


• Enable server logging 


• Deploy Microsoft Defender for Endpoint client on Android 


• Deploy the MS Tunnel client on iOS 


• Troubleshooting 


Linux distributions 
MS Tunnel is a container image supporting Docker and Podman (on RHEL) container engines.  The container service must be 


hosted on a server (physical or virtual) running a Linux distribution.  MS Tunnel supports a variety of Linux distributions having 


very broad adoption across many customer environments.   


Please note the following Linux distributions and corresponding container engines supported:  


Linux Distribution Container Engine 


CentOS 7.4+(CentOS 8+ isn’t supported) Docker-CE 


Red Hat (RHEL) 7.4+ thru RHEL 8.3 
 
Reference RHEL Life Cycle knowledgebase 
RHEL 7.x ended Full Maintenance on August 
6, 2019.  Currently in ELS support only. 


Docker-CE 
 
Note: RedHat does not provide support for Docker-CE.  
Docker community support is available for Docker-CE.   


Red Hat (RHEL) 8.4+  Podman v3.0 minimum supported version  


Ubuntu 18.04 Docker-CE 


Ubuntu 20.04 Docker-CE 


 


NOTE: This deployment guide will use Red Hat Enterprise Linux (RHEL) 8.4 as the Linux host and Podman as the container 


engine for MS Tunnel Gateway.  When deploying MS Tunnel on RHEL 8 we recommend the use of Podman to ensure 


supportability with Red Hat. 


 


RHEL and Ubuntu Life Cycle Reference: 
Please refer to the respective Linux distribution life cycles when making your Linux distro version decision: 


• Red Hat: Product Life Cycles | Red Hat Customer Portal 


• Ubuntu: Ubuntu release cycle | Ubuntu 


  



https://access.redhat.com/support/policy/updates/errata

https://access.redhat.com/product-life-cycles?product=Red%20Hat%20Enterprise%20Linux,OpenShift%20Container%20Platform%204

https://ubuntu.com/about/release-cycle
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PKI Certificates 
Each Linux server will require a trusted TLS/SSL certificate to secure the connection between clients (iOS, Android) and the MS 


Tunnel Gateway server.  In many large organizations there are various IT teams responsible for different parts of an 


organization’s infrastructure.  Depending on who in the organization is responsible for PKI and the request and issuance of 


certificates, you may need to work with your certificate/security teams for assistance. The simplest route will be to request a 


TLS/SSL certificate for your deployment (tunnel.companyfoo.com) in PFX format.  This certificate, including the full trusted 


certificate chain will be installed on the server during the setup of the MS Tunnel Gateway.   


• The TLS/SSL certificate used to secure the Tunnel Gateway endpoint must have at least the Fully Qualified Domain 


Name (FQDN) of Tunnel Gateway server in the Subject Alternative Name (SAN).  The Subject Name (SN) can be of 


type “Common Name” or “DNS”.  If using CN, then specify the short name (without the domain name suffix), if using 


DNS, then specify the FQDN.    


• TLS/SSL certificate can’t have an expiration date longer than two years. If the date is longer than two years, it won’t 


be accepted on iOS devices. 


• Use of wildcards has limited support. For example, *.contoso.com is supported. Cont*.com isn’t supported. 


• During installation of the Tunnel Gateway server, you must copy the entire trusted certificate chain to your Linux 


server. The installation script provides the location where you copy the certificate files and prompts you to do so. 


• If you use a TLS/SSL certificate that’s not publicly trusted, i.e., using an on-premises certificate authority.  You must 


push the entire trust chain to devices using an Intune Trusted certificate profile. 


NOTE: The process of obtaining a Public CA issued TLS/SSL certificate is beyond the scope of this document.  We have 


provided external 3rd party documentation links to detail the necessary guidance.   


The deployment guide will show 2 options for the TLS certificate:  


1. Using a TLS/SSL certificate issued by a public certificate authority provider (in our example we will use DigiCert Inc.  As 


a side note: There is a service called “Lets Encrypt” that provides free TLS/SSL certificates for free.  You can check 


them out here: https://letsencrypt.org/ ) 


 


2. Or a TLS/SSL certificate issued by an on-premises Microsoft Enterprise Certificate Authority. 


Option-1: TLS/SSL Certificate issued by a public Certificate Authority  
The following link describes the process of obtaining a certificate from DigiCert: https://www.digicert.com/kb/csr-


creation.htm  


For our example we use a wildcard certificate that was issued by DigiCert Inc. 


If you are not using a wildcard cert then the certificate Subject Name (SN), and Subject Alternative Name (SAN) should contain 


the FQDN of the Linux server, and the FQDN must be resolvable (refer to doc section: Public DNS name resolution).   


In the example below, the wildcard certificate has already been issued and enrolled on a Windows machine.  I do not cover 


the process of creating the Certificate Signing Request (CSR) or how to enroll the certificate once its issued.  Requesting and 


enrolling public CA issued certificates is beyond the scope of this guide.  


  



https://www.digicert.com/

https://letsencrypt.org/

https://www.digicert.com/kb/csr-creation.htm

https://www.digicert.com/kb/csr-creation.htm

https://www.digicert.com/
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Let’s begin: 


1. In our example, the wildcard cert (*.calerocorp.com) is currently enrolled (installed) on a Windows server.  Note: the 


private key must be exportable.  Using the DigiCert utility for Windows: 


 


 
 


Figure 1 - DigiCert Certificate Utility - Export Certificate 


Select the wildcard cert and click on “Export Certificate”.  See above example.  


 


2. Next, select “Yes, export the private key” > “pfx file” > “Include all certificates in the certification path if possible”.  See 


example below: 


 


 


Figure 2 - DigiCert Certificate Utility - Private Key Export 


When exporting the private key, a password must be provided.  Hit “Next” to continue.   


NOTE: The password will be needed when performing the MS Tunnel installation on the Linux server. 



https://www.digicert.com/util/





12 
 


 


Figure 3 - Digicert Certificate Utility - Password 


Now we specify a file location, and name for the exported PFX certificate: 


 


Figure 4 - DigiCert Certificate Utility - PFX Export Location 


Click “Finish” to save the file.   


 


Figure 5 -Digicert Certificate Utility - Completed 


 


NOTE: as an alternative to using the “digicert utility” you can use “certlm.msc” to export the wildcard certificate + 


private key to a PFX file.  See example here. 
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Option 2: TLS/SSL Certificate issued by an OnPrem Enterprise Microsoft CA 
In many large organizations there are various IT teams responsible for different parts of an organization’s infrastructure.  In 


particular the mobile teams will need to work with their corresponding infrastructure and PKI teams to perform the steps that 


follow to obtain the necessary TLS certificate required for MS Tunnel.   


First, we need to create a cert template for use 
On a Certificate Authority server or on a server that has access to “certsrv.msc” do the following: 


1. Right-click on “Certificate Templates” > select “Manage” 


 


Figure 6 - Certificate Authority - Microsoft Management Console – Certificate Templates 


 
2. “Certificates Template Console” will open.  In our example we will duplicate the default “Web Server” template.   Right-


click on the “Web Server” template and select “Duplicate Template”.  See example below: 


 


Figure 7 - Certificate Authority - Duplicate Template 


 
3. Select the “General” tab can enter a “Template display name:”, and “Template name:”.   For easy identification purposes, 


we call the template “MS Tunnel Gateway”.  See example below: 


 


Figure 8 - Web Server Template - Display Name 
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NOTE: The “Validity period” cannot exceed 2 years, else iOS device will reject, and do not publish the cert in Active 


Directory as we will only be using this certificate to export on a Linux server. 


 


4. Next, select the “Subject Name” tab, ensure “Supply in the request” is enabled.  Reason here, is that we will provide a 


custom SN, and SAN when enrolling this certificate. 


 


Figure 9 - Certificate Template - Subject Name - Supply in the request. 


 


5. Next, go to “Extension”, and ensure Application Policies show “Server Authentication” 


 


Figure 10 - Certificate Template - Extensions 


 
6. Next, go to “Request Handling”, enable “Allow private key to be exported” 
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Figure 11 - Certificate Template - Request Handling - Allow private key to be exported 


7. Go to the “Security” tab.  Here we will grant a server or desktop where we wish to enroll the certificate to later export to 


our Linux server.  See example below:  


 


Figure 12 - Certificate Template - Security - Add 


Click on “Add”, then “Object Types…”, and enable “Computers”, click “OK” to complete.  See example below: 


 


Figure 13 - Certificate Template - Security - Object Name - Computer Selected 
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Now, type in a computer name from your domain where we will enroll this certificate.  In our example, we select a server 


called “CC-WebSrv”.  Click “OK” to continue.  See screenshot below: 


 


Figure 14 - Certificate Template - Security - CC-WebSrv 


 
Almost done, now we grant the “Enroll” permission to the computer object we just added.   Click “OK” to finish.  See 


below: 


 


Figure 15 - Certificate Template - Security - CC-Websrv - Enroll 


 
8. Now that our template is created, we need to publish the template and make it available for enrollment.  Back to our 


Certificate Authority management tool (certsrv.msc).  Right-click on “Certificate Templates”, select New > Certificate 


Template to Issue.  See below:  
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Figure 16 - Certificate Authority - Certificate Template - Certificate Template to Issue 


 
A list of available certificate templates will be displayed, locate the “MS Tunnel Gateway” template we created above (or 


whatever name you decided to call it), and hit “OK” to publish. 


 


Figure 17 - Certificate Authority - Enable Certificate Template 


 


Next, we enroll the certificate on a domain joined windows server or desktop 
Now go to the server (or desktop) you granted the “enroll” template permission from previous step 7 above. 


1. Run “certlm.msc” from a command prompt 


2. Go to “Personal > Certificates”, right-click on “Certificates” > All Tasks > Request New Certificate… 


 


Figure 18 - Certificates - Microsoft Management Console - Personal - Certificate - Request New Certificate 


 
Using the following screen shots as an example, perform these steps as follows… 
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Figure 19 - Certificates - Microsoft Management Console - Certificate Enrollment 


 


Figure 20 - Certificate  Enrollment - Active Directory Enrollment Policy 


 
At this point you should see a list of available certificate types for enrollment.  The “MS Tunnel Gateway” should be available.  


If not, then you may have missed something during the security permission setup for the template.  Here you will click on 


“More information is required to enroll this certificate … “ See below: 


 


Figure 21 - Certificate Enrollment - MS Tunnel Gateway 


 
You will be presented with the “Certificate Properties” page.  In the “Subject” tab, provide the following: 


• Subject name > Type: Common name 


o Enter the public Linux server name portion of FQDN.  In the example below this will simply be “cc-mst-rhel74”  


• Alternative Name > Type: DNS 
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o Enter the public FQDN of Linux server.  In the example below this will be “cc-mst-rhel74.calerocorp.com” 


• Be sure to click “Add” after each entry. 


• Click “OK” when finished. 


 


 


Figure 22 - Certificate Enrollment - Certificate Properties 


 
At this point you will be presented again with the available certificates, click “Enroll”, then “Finish”.  See below: 


 


Figure 23 Certificate Enrollment - Enroll MS Tunnel Gateway 
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Figure 24 - Certificate Enrollment Completed 


Now we export the certificate  
We are almost done, at this point we export the certificate along with its private key. 


1. Using “certlm.msc”.  Go to Personal > Certificates.  You will see a list of certificates that are enrolled on the machine.  


Locate the certificate by its common name, which should be the Linux server name.  In our example, its “cc-mst-rhel74”.  


Right-click on the certificate > “All Tasks > Export…”  


 


Figure 25 - Certificates - Microsoft Management Console - Certificate Export 


 


 


Figure 26 - Certificate Export Wizard 
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Figure 27 - Certificate Export Wizard - Yes, Export the private key 


 


Figure 28 - Certificate Export Wizard - Personal Information Exchange (PFX) 


NOTE: A password must be provided when exporting the private key.  Please make note if it as we need it when 


performing the MS Tunnel installation on the Linux server. 


 


 


Figure 29 - Certificate Export Wizard - Password 
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Specify a file name and location.  I like to use the Linux server name as the PFX file name. 


 


Figure 30 - Certificate Export Wizard - File Location and Name 


 


 


Figure 31 - Certificate Export Wizard - Finish 
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Deploy the Trusted Key Chain using MEM 
IMPORTANT: when using a TLS/SSL certificate from your on-premises CA, you must deploy the full keychain (Trusted root, and 


any intermediate trusted certs) to the mobile device using Microsoft Endpoint Manager/Intune.  This ensures that your mobile 


clients trust the certificate that is used for securing the VPN connection. If you are already deploying your full key chain to 


your mobile devices, you do not need to deploy them again.  For more information on how to deploy trusted certificates using 


Intune please see: Create trusted certificate profiles in Microsoft Intune 


Guidance for TLS/SSL cert when Load Balancing MS Tunnel Gateway 
A word about the TLS certificate issued to each Tunnel server participating in the Load Balancing setup.   


• The Subject Name (SN) of the certificate for each Linux Server should have type “Common Name” and contain the 


DNS FQDN of the Load Balancer VIP or simply the short name.  For example: 


o Common Name = LB.contoso.com  --OR-- LB 


• The Subject Alternative Name (SAN) of the certificate should have type “DNS” and contain the DNS FQDN of the Load 


Balancer VIP.  For example:  


o DNS = LB.contoso.com 


• Refer to diagram in the Azure Network Load Balancing section. 


High Availability 
In environments that require a high degree of scalability and availability for Tunnel, the recommendation would be to deploy 


Tunnel in conjunction with a load balancer.  By targeting the Tunnel site configuration at the public FQDN or IP of the load 


balancer, client load will be distributed across each Tunnel service instance in the load balancer VM Pool.  This provides the 


ability to automatically balance load across server instances and additionally ensure if a Tunnel server is down, clients are 


automatically redirected to an active server.   


Sample reference architecture below for a single site with three Tunnel servers: 


Tunnel Site 1
TunnelNLB.fu.net


Azure NLB
Public IP


TunnelVM1


TunnelVM2


TunnelVM3


Tunnel VM
Availability Set


Azure vNets


NLB and
NLB VM Pool


SN=TunnelNLB.fu.net
SAN=TunnelNLB.fu.net


 


NOTE: In this guide, as a reference model for configuring High Availability with Tunnel we will use Azure Network Load 


Balancer.  Keep in mind this requires MS Tunnel Gateway to be installed on Azure Linux VMs.   


 


  



https://docs.microsoft.com/en-us/mem/intune/protect/certificates-trusted-root
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Supported Azure Technologies for MS Tunnel load balancing configuration 
 
Microsoft Tunnel is supported in a load balanced configuration.  The load balancing technology you use must not terminate 


connections between the client and gateway server.  Tunnel is a VPN layer 3 solution and not an HTTP/HTTPS application and 


therefore the supported load balancing options are Azure Load Balancer and Azure Traffic manager.  Services like Azure 


Application Gateway (Layer 7) and Front Door (Layer 7) are not supported.  


For details on the Azure load balancing technologies and their intended functions please refer to the online documentation 


here: Load-balancing options - Azure Application Architecture Guide | Microsoft Docs 


In the reference architecture below the administrator has configured an Azure Traffic manager profile with two Azure 


endpoints targeted to the “public IP address” resources of the load balancers for the US and Europe. Each of the endpoints is 


then configured to use Geo-mapping to distribute traffic.  Finally, the Tunnel site name is configured to point at the Azure 


Traffic Manager profile DNS name. 


1. The US client connects to TM based on the Tunnel VPN Profile - Tunnel Site name (FQDN) DNS entry. 


2. Azure Traffic Manager will look at the client IP address and use geo location to determine the client’s current region, 


then provide the closest Endpoint (i.e., US Endpoint in this scenario). 


3. The Tunnel client will connect directly to the load balancer in the US region. 


 


 



https://nam06.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdocs.microsoft.com%2Fen-us%2Fazure%2Farchitecture%2Fguide%2Ftechnology-choices%2Fload-balancing-overview&data=04%7C01%7CAaron.Hamilton%40microsoft.com%7Ccca831a4599f4999de2808d972c7e480%7C72f988bf86f141af91ab2d7cd011db47%7C0%7C0%7C637667025139907408%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=WvvCKLtsrek88peKcR1drGEobGNPjc3qwNuOXhb17MU%3D&reserved=0
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Express Route 
If you plan to deploy MS Tunnel Gateway in Azure, and the resources you plan to make available are located on-premise, then 


you will need to use Azure Express Route as a means of providing a network route from MS Tunnel to the on-premises 


resource your mobile clients require.   


Express Route provides the ability to connect your on-premises infrastructure to Azure through a private circuited via a 


connectivity provider.  Deploying ExpressRoute requires that you work with your connectivity provider to provision the circuit 


and will allow Azure resources, like the Tunnel VM servers, to directly access your internal private network. 


To create an ExpressRoute circuit follow the guide here and create a configuration: https://docs.microsoft.com/en-


us/azure/expressroute/expressroute-howto-circuit-portal-resource-manager 


Once the ExpressRoute circuit has been configured you will need to connect the vNets that your Tunnel servers internal NICs 


are bound to the ExpressRoute circuit.  To create a connection from a vNet to an ExpressRoute circuit follow the GUID here:  


https://docs.microsoft.com/en-us/azure/expressroute/expressroute-howto-linkvnet-portal-resource-manager 


Sample Tunnel NLB and Express route architecture: 


Tunnel Site 1
TunnelNLB.fu.net


Azure NLB
Public IP


TunnelVM1


TunnelVM2


TunnelVM2


Tunnel VM
Availability Set


ExpressRoute 
Circuits


OnPremVM


OnPremSrv


On premise
Network


Azure vNets


NLB and
NLB VM Pool


 


General Load Balancing recommendations 
Microsoft recommends you consult your load balancing vendor for guidance on recommended settings for providing load 


balancing for VPN services.   


In general, irrespective of which load balancing solution selected for your MS Tunnel deployment please consider the 


following guidance: 


• The load balancing technology must not terminate connections between the client and Tunnel gateway server.  Tunnel is 


a VPN layer 3 solution and not an HTTP/HTTPS application. 


o LB based on session cookies is not supported. 


 
NOTE: Refer to Architecture Diagram for reference: MS Tunnel client authentication makes use of “certificate 


pinning”, an online application security technique, originally devised as a means of thwarting man-in-the-middle 


attacks (MITM), that accepts only authorized (“pinned”) certificates for authentication of client-server connections. 


Any attempted secure connection requests utilizing certificates other than the pinned certificate are refused.  As a 


result, Tunnel does not support break and inspect functionality for clients.  Use of firewalls, proxies, load balancers, or 


any technology that terminates and inspects the client sessions (Refer to F, D, and C in Architecture diagram) going into 



https://docs.microsoft.com/en-us/azure/expressroute/expressroute-howto-circuit-portal-resource-manager

https://docs.microsoft.com/en-us/azure/expressroute/expressroute-howto-circuit-portal-resource-manager

https://docs.microsoft.com/en-us/azure/expressroute/expressroute-howto-linkvnet-portal-resource-manager
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the Tunnel Gateway are not supported and will cause clients connections to fail.  However, you can use “break and 


inspect” technologies at the Internal proxy server (Refer to G in the Architectural diagram)  


 


• Use transparent load balancing (client IP passed to gateway) 


o Enable session persistence/affinity (i.e., client ip affinity) 


o Test each type of health probe to determine what works best for your solution. 


• We do not recommend the use of Round Robin load balancing.  Tunnel client connections are session-based vs stateless.   


Installation overview 
We’ve provided two deployment options – Simple and Advanced.  The simple deployment is ideal for getting familiar 
with MS Tunnel while providing the fastest install and setup time (single Azure VM server and 1-Network Interface 
Card).  Advanced on the other hand, requires more setup time, configuration, and coordination as we have 2 Linux 
servers-with 2 NIC’s and the addition of Azure Network load balancing in mix. 
 
NOTES:  


• In this deployment guide, we emulate on-premises resources using Azure IaaS VM’s to provide a AD Domain 


Controller, Certificate Authority, and a Webserver (to serve as a on-premises resource to access using an iOS or 


Android Intune enrolled device with the MS Tunnel client).   


• If you choose the Simple deployment option, you cannot then use the same server with Azure Network Load 


Balancer.   See Advanced deployment note below. 


 
Below is an ordered list of tasks to execute across Azure, Intune, OnPrem Active Directory, OnPrem Microsoft Certificate 
Authority (or a public certificate provider), internal and external DNS services: 


Simple deployment outline: 
1. Provision a Linux server to host Microsoft Tunnel: Create Azure VM using RHEL 8.4 


2. Create a DNS CNAME record for the Linux server 


3. Connecting to the Linux VM over SSH 


4. Installing Podman on RHEL 8.4  


5. Create a TLS/SSL cert for Microsoft Tunnel   


6. Configure Microsoft Tunnel in MEM console 


7. Install Microsoft Tunnel Gateway container on RHEL 8.4 


8. Deploy MS Defender for Endpoint app(Android) and/or MS Tunnel app(iOS) & create MS Tunnel VPN profile in MEM 


console 


9. Sample client connection using an Android or iOS device  


Advanced deployment outline – using Azure Network Load Balancer. 
1. Provision your Linux servers with an “Availability Set” 


2. Adding a 2nd NIC for the Linux server-host 


3. Setup Azure Network Load-Balancer 


4. Reference Simple Deployment for detailed steps: 


a. Create a DNS CNAME record for the Linux servers 


b. Connecting to the Linux VM over SSH 


c. Installing Podman on RHEL 8.4  


d. Create a TLS/SSL cert for Microsoft Tunnel   


e. Configure Microsoft Tunnel in MEM console 


f. Install Microsoft Tunnel Gateway container on RHEL 8.4 
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g. Deploy MS Defender for Endpoint app(Android) and/or MS Tunnel app(iOS) & create MS Tunnel VPN profile in 


MEM console 


h. Sample client connection using an Android or iOS device 


5. Setting up Conditional Access for MS Tunnel 


NOTE: If you wish to use Azure NLB then you must configure an “Availability set” prior to creating your Azure Linux 


server VM’s.  This is required as the VM must be associated to an Availability Set at create time.  See section: Azure 


Network Load Balancing (NLB) for details on how to configure. 


 


Simple Deployment 


Provision a Linux VM from Azure: using RHEL 8.4 
To begin let’s go to the azure portal.  You will need to sign-in with an account that has access to a proper azure subscription. 


1. Sign-in to azure portal: https://portal.azure.com 


2. “Create a resource”.  See example below: 


 


Figure 32 - Microsoft Azure Portal 


3. Search for “Red Hat Enterprise Linux” and select “, Select Red Hat Enterprise Linux 8.4 (LVM)” and hit “Create”.   See 


example screenshots below: 


 


Figure 33 - Microsoft Azure Portal - Create Resource 


 


Figure 34 - Microsoft Azure Portal - Create Resource - Red Hat Enterprise Linux 



https://portal.azure.com/
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4. In the “Basics” settings, provide your respective values for “Resource group”, “Virtual machine name”, “Region”, 


“size”, and “Administrator account”.  For additional details or assistance, please reference the Azure Linux VM docs.


 


Figure 35 - Microsoft Azure Portal - Create Virtual Machine - Virtual Machine Name 


 


 



https://docs.microsoft.com/en-us/azure/virtual-machines/linux/overview
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NOTES:  


• Regarding “Administrator account”, depending on your preference you can choose to use an SSH key or SSH 


password for connecting, managing, and administering the VM.  In this guide we show the use of a SSH 


keypair, however you can choose your preferred method. 


 


• For “inbound ports” we will need 443, and 22 (SSH).  Note: screenshot shows port 80 as well, but this is NOT 


required. 


 


• Our sample “Username” is “bill” and “VM name” is “CC-MST-RHEL84”.  We will reference these throughout 


the guide.  


 


 


5. When finished with the “Basic” settings, hit “Next: Disks >” to continue configuration.  Make any necessary changes 


or simply keep the defaults. 


 


 


6. On the “Networking” settings, select the appropriate “Virtual network” that will have line of sight to your on-premises 


resources (in a real-world deployment this may be accomplished using Azure ExpressRoute).  In our example 


deployment we emulate our on-premises resources using IaaS Azure VM’s providing a Domain Controller, Certificate 


Authority, and a Webserver to access using an MS Tunnel client on iOS.  See example below: 
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Figure 36 - Microsoft Azure Portal - Create a Virtual Machine - Virtual Name 


 


7. Go through the next remaining sections: “Management, Advanced, Tags”.  You can simply take the defaults or make 


customized changes.  Once you reach the “Review + create” section ensure all your selections are in place and hit 


“Create”.  See example below… 
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Figure 37 - Microsoft Azure Portal - Virtual Machine - Review and Create 


 


 


Figure 38 - Microsoft Azure Portal - Virtual Machine - Summary 
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8. During the create process you will be prompted to “Download the private key and create resource”.  This is a result 


of specifying “SSH Public key” for “Administrator account” settings in Step 4 above.  Please save this file as it will be 


used to connect and copy files to our RHEL Linux server via SSH and SCP respectively. 


 


 


Figure 39 - Microsoft Azure Portal - Virtual Machine - Generate new key pair 


 


 


9. At this point you will see “Deployment in progress” messages in the console.  When the deployment is complete you 


will see a “Your deployment is complete”.  Click on “Go to resource”.   See example below:  


  


 


Figure 40 - Microsoft Azure Portal - Virtual Machine Deployment 


 


 


 


10. Here we will make a few changes related to “DNS name”, click on “Not Configured”.  Please note, your VM will need a 


public IP address if you wish to add a DNS name (FQDN – see Azure docs here) See example below: 



https://docs.microsoft.com/en-us/azure/virtual-machines/create-fqdn
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Figure 41 - Microsoft Azure Portal - Virtual Machine View DNS Name 


 


11. We recommend using a “Static” address and enter your VM name in the “DNS name label”.  Please take note of the 


azure domain your VM is in based on the Azure Region selected when creating the VM.  Hit “Save” to complete.  See 


example below: 


 


Figure 42 Microsoft Azure Portal - Virtual Machine DNS Name 


 


12. Next, we need to allow for HTTP and HTTPS ports.  On the VM Settings > select “Networking” > “Add inbound port 


rule”.  This needs to be done for both HTTP and HTTPS.  See example below: 
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Figure 43 - Microsoft Azure Portal - Virtual Machine - Networking 


 


 


Figure 44 - Microsoft Azure Portal - Virtual Machine - Networking - Inbound Rule 


 


NOTE: Please ensure you add an “Allow - Inbound Port Rule for UDP 443”.  Tunnel gateway clients use DTLS, and 


DTLS works over UDP.  Reference the Architecture section for additional details on this item. 
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Public DNS name resolution 
A public FQDN is recommended for MS Tunnel.  The FQDN (DNS name) is used as the connection point for devices that use the 


tunnel. The DNS name must be resolvable over the internet. You need to configure a DNS “CNAME” or “A” address record in 


your public DNS service provider.  For reference, here is an example creating a CNAME entry in a 3rd party DNS provider:   


• Our public DNS name is “calerocorp.com”.    


• The Azure RHEL VM DNS name is: cc-mst-rhel84.eastus.cloudapp.azure.com 


• Using the 3rd party DNS manager, we create a CNAME record: “cc-mst-rhel84” which points to cc-mst-


rhel84.eastus.cloudapp.azure.com.  See below 


 


Figure 45 - Name Resolution - CNAME Record 


The action above effectively creates a DNS entry that resolves “cc-mst-rhel84.calerocorp.com”  to  “cc-mst-


rhel84.eastus.cloudapp.azure.com” 


Please Note: If you use Azure DNS, then you would create the CNAME entry accordingly. 


Connecting to the Linux VM over SSH: 
Now we will connect to our RHEL84 Linux VM using SSH.  In the Azure portal > Virtual Machines > your RHEL84 VM, you can 


click “Connect” under “Settings” for an example of how to connect using SSH.  See screenshot below: 


 


Figure 46 - Microsoft Azure Portal - Virtual Machine - Connect 


From a Windows desktop you have a few choices for an SSH client to connect to the Linux host: 



https://docs.microsoft.com/en-us/azure/dns/
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• You can use PuTTY a popular SSH and Telnet client for Windows 


• Install OpenSSH tools available with Windows 10 under Optional Features. 


• Install Windows Terminal from the Microsoft Store - Get Windows Terminal - Microsoft Store  


In our examples we use the SSH client included with Windows Terminal on Windows 10. 


In STEP 8 above we downloaded the SSH KeyPair for our Linux VM.  Using this file, we will connect over SSH.  On Windows 


open a command prompt, and type the following: 


ssh -i <your_vm_SSH_key>  yourLinuxAdminAccount@your_linux_vm_name.azure_dns_region 


See example below: 


 


Figure 47 - PowerShell SSH Connection 


NOTE: If you already have other Linux clients in your environment you can simply use SSH on these platforms to connect.  


NOTE: if using an SSH key to connect to your Linux host from a Windows 10 desktop, you may encounter an issue when 


attempting to connect --- WARNING: UNPROTECTED PRIVATE KEY FILE! ---- This private key will be ignored.   See below: 


 


Figure 48 - Windows PowerShell SSH Console - Key File 


To address this issue, you need to appropriately ACL the ssh key.  See example below using “icacls.exe” (additional details can 


be found here - OpenSSH key management for Windows | Microsoft Docs  


 


For reference here is the icacls.exe command used:  


Icacls.exe Your_SSH_KEY_File /inheritance:r /grant “Administrator:F” /grant “SYSTEM:F” 


Now that we have successfully connected, we are ready to begin our install. 



https://www.putty.org/

https://www.microsoft.com/en-us/p/windows-terminal/9n0dx20hk701?activetab=pivot:overviewtab

mailto:yourLinuxAdminAccount@your_linux_vm_name.azure_dns_region

https://docs.microsoft.com/en-us/windows-server/administration/openssh/openssh_keymanagement
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A quick word about the sudo command 
Before we begin a quick word about “sudo”.   The sudo command allows you to run programs with the security privileges of 


another user (by default, as the superuser).  Many of the commands we need to run on the Linux host require administrative 


rights, hence the need to use “sudo” 


To use the sudo command, at the command prompt, enter: 


sudo command 


Installing Podman on RHEL 8.4 
Once we connect over SSH to our Linux server, it’s time to install Podman the container engine supported and provided by 


Red Hat.  


Note: for Linux distro’s other than Red Hat, Docker CE is the supported container engine to use. Please refer to the associated 


Docker installation online documentation.  


• Install Docker Engine on CentOS | Docker Documentation 


• Install Docker Engine on Ubuntu | Docker Documentation 


 


A quick word about “YUM” vs “DNF” package manager on RHEL 
 
DNF or Dandified YUM is a fork of the YUM package manager. It was introduced in Fedora 18 & on Fedora 22. It has now 


become default package manager for handling the RPM packages on CentOS 8, RHEL 8 and Fedora. 


DNF resolves many of the problems that has been associated with yum, like poor performance, high memory usage, slowness 


for dependency resolution. DNF can be termed as the next major version of the YUM package manager.  


This deployment guide will use “dnf” to install Podman and any other dependent packages on RHEL 8.4. 


Check for system updates on RHEL 
As a good practice you should be sure to install any available updates and Errata on your RHEL 8.4 server.  To do this you can 


simply run:  


Run the following commands:  


sudo dnf update  


See the example below: 


 


Figure 49 - Windows PowerShell - SSH Connection - SUDO dnf update 


 


Install Podman on RHEL 8.4 
Podman is the container solution used on RHEL 8, “podman” is part of a module called "container-tools" 



https://docs.docker.com/engine/install/centos/

https://docs.docker.com/engine/install/ubuntu/
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NOTE: A module is a set of RPM packages that represent a component and are usually installed together. A typical 
module contains packages with an application, packages with the application-specific dependency libraries, packages 
with documentation for the application, and packages with helper utilities.   
Reference:  <https://access.redhat.com/documentation/en-us/red_hat_enterprise_linux/8/html/installing_managing_and_removing_user-


space_components/introduction-to-modules_using-appstream>  
 


The command to install podman is: 


sudo dnf module install container-tools 


 


See Example below: 


 


Figure 50 - SSH Connection - sudo dnf module install 


Type in “y” to install the necessary packages 


Once the packages are installed you should see similar results … 



https://access.redhat.com/documentation/en-us/red_hat_enterprise_linux/8/html/installing_managing_and_removing_user-space_components/introduction-to-modules_using-appstream

https://access.redhat.com/documentation/en-us/red_hat_enterprise_linux/8/html/installing_managing_and_removing_user-space_components/introduction-to-modules_using-appstream





39 
 


 


Figure 51 -SSH Connection - Module Installation Summary 


 


You can verify and view additional details about Podman and container-tools using the following dnf commands: 


sudo dnf module list container-tools 


sudo podman –-version 


sudo podman info 


 


Copy TLS/SSL certificate for MS Tunnel Gateway 
Whether you chose Option-1 or 2 for your TLS/SSL certificate during your Planning phase.  This step is the same regardless; 


copy the exported PFX cert to the Linux server (RHEL) host. 


We must copy the PFX certificate file up to our Linux server.  We accomplish this using a OpenSSH utility called SCP (Secure 


Copy).   


Assuming the exported PFX file is on your Windows desktop where you’ve installed any of the recommended SSH tools, 


from a command prompt run the following: 


scp -i <your_VM_SSH_PrivateKey> <your_exported_PFX_cert_file> 
LinuxAdmin@vm_name.azuredns_region:/home/LinuxAdmin/ 


 


If you use an SSH password instead of a SSH private key, then the SCP command to copy the PFX certificate to your Linux host 


would be: 


 scp <your_exported_PFX_cert_file> LinuxAdmin@vm_name.azuredns_region:/home/LinuxAdmin/ 


 


See example (using SSH private key) below: 



mailto:LinuxAdmin@vm_name.azuredns_region

mailto:LinuxAdmin@vm_name.azuredns_region
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Figure 52 - Windows PowerShell - SSH Connection - pem file creation 


We are now ready to begin the MS Tunnel installation on the Linux server. 


Running the Microsoft Tunnel readiness tool  
We will use the MS readiness tool to ensure the prerequisites for “network” and “account” when installing MS Tunnel.   


NOTES: 


• The following commands are run on the RHEL 8.4 VM via an SSH session. 


• we run the following commands while in the following working directory on the Linux server (in this example this 


happens to be the home directory of the Linux admin called “bill”):  


/home/bill 


1. We first need to grab the MS Tunnel “Readiness” script.  We will use “wget” to accomplish this step.  


sudo wget --output-document=mst-readiness https://aka.ms/microsofttunnelready 


See example below: 


 


Figure 53 - SSH Connection - sudo wget command 


 


2. To run the script, we need to make it executable.  Let’s run the following set of commands to get this done: 


Run “ls -l” to show a list of files in the current directory.  Confirm “mst-readiness” is listed. 


Run “sudo chmod u+x ./mst-readiness” to make the script executable 


Note: since the “mst-readiness” script is owned by root. We use sudo with the chmod cmd. 


See example below: 



https://aka.ms/microsofttunnelready
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Figure 54 - SSH Connection ls - l command 


 


3. Run the readiness script with the “network” option: 


sudo ./mst-readiness network 


This will check for basic network connectivity requirements.  The Tunnel Gateway server shares the same requirements 


as Network endpoints for Microsoft Intune, with the addition of port TCP 22.  


 


The results of the script should look similar.  Note: you will see HTTP 401 Unauthorized messages.  These are expected 


(shows as “Success Expected error – not enrolled”) as the TLS enrollment cert is not present on the server yet.  This is 


done as a check to ensure no packet inspection is taking place between the Linux server and the Intune cloud service.   


 


 
 


Above is an example of the results from the “readiness” script:  


Figure 55 - Readiness Script Execution 


 


4. Now, run with script using the “account” option: 


sudo ./mst-readiness account 



https://docs.microsoft.com/en-us/mem/intune/fundamentals/intune-endpoints
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Please note: you need to sign-in with a licensed user.  See example below: 


 


Figure 56 - Windows PowerShell - SSH Connection - sudo ./mst-readiness account 


At this point, you need to use a browser to point to https://microsoft.com/devicelogin and login with an Intune licensed 


AAD account that has Azure Global Administrator or Intune Service Administrator role and use the provided code 


generated by the readiness script.   


 


 


See example below: 


Be sure to enter the code provided from the script above. 


 


 


Figure 57 - Authentication Portal - Microsoft Online 


 


 


Figure 58 - Authentication Portal - Microsoft Online - Account Selection 


 


 



https://microsoft.com/devicelogin
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Figure 59 - Authentication Portal - Successful signed to Microsoft Tunnel 


 


After you have successfully entered the code and signed in, you should see something like the results below on your 


Linux server: 


 


 


Figure 60 -  Intune Token 


 


MS Tunnel Gateway configuration using MEM console 
Before we can begin the MS Tunnel install, we need to first configure a few items in the Microsoft Endpoint Management 


(MEM) console. 


1. Sign on to the MEM console using an Intune service administrator. 


2. From the “Tenant administration” node, select “Microsoft Tunnel Gateway.  Select “Server configurations”, and click on “+ 


Create new …”  
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Figure 61 - Microsoft Endpoint Manager Admin Center - Tenant Admin 


Use of a “Server configuration” lets you create a Tunnel configuration one time and have that configuration used by 


multiple servers.  Later, you’ll assign a Server configuration to a Site, which automatically applies that configuration to 


each server that joins that Site. 


Your server configuration in Tunnel provides configuration settings for the Tunnel server instances.  It specifies the DHCP 


address pool (IP address or range) for the clients (mobile devices), the DNS server that the clients will use for internal 


name resolution, DNS search suffix, and Split tunnel configuration that will specify what address ranges will be included 


or excluded from the VPN connection.    


 


Below is a summary of the Server Configuration I created – CC-MST-USNE-ServerConfig.  I’ve used “10.10.5.0/24” for 


client IP address pool, pointed DNS to my on-premises Domain Controller running DNS 192.168.0.4, specified my internal 


DNS search suffix as “corp.calerocorp.com”, and supplied my internal azure VNET address range 192.168.0.0/24 for 


inclusion in the tunnel. 


 


 


Figure 62 - Microsoft Endpoint Manager admin center - Tenant Admin 
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3. Next, we create a “Site”, which we will assign to a “Server configuration”.   


 


Figure 63 - Microsoft Endpoint Manager admin center - Tenant admin - Microsoft Tunnel Gateway 


 


Here we provide a site name, and then enter: 


• A “Public IP address or FQDN” - This must be an externally/internet resolvable name.  The TLS/SSL cert you use 


must also contain the DNS/FQDN in the certificates Subject Alternative Name (SAN). 


• Server configuration – use the drop-down list to link to an existing “Server configuration” 


• URL for internal network access check – this is optional.  Here you can specify an HTTP or HTTPS URL for a 


location on your internal network. Every five minutes, each server that's assigned to this site will attempt to 


access the URL to confirm that it can access your internal network. Servers report the status of this check as 


Internal network accessibility on the servers Health check tab. 


• Automatically upgrade servers at this site – When tunnel software updates and fixes become available, they can 


be automatically applied to your server.  In addition, an update window for maintenance can be set. Refer to 


online docs for additional details. 


 


Once complete, hit “Next” and complete the remaining steps – “Scope tags”, “Review + create” See example: 


 


 


Figure 64 - Microsoft Endpoint Manager admin center - tenant admin - create a site 


4. At this point we need to create a “New server”.   


 



https://docs.microsoft.com/en-us/mem/intune/protect/microsoft-tunnel-upgrade
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Figure 65 - Microsoft Endpoint Manager admin center - tenant admin - Microsoft Tunnel Gateway - Servers 


 


You have 2 options, with the 2nd option being the simpler approach:  


 


1. Go to the “Servers” tab, and select “+ Create”, and download the installer script - “Download script” which you must 


then SCP (copy) to the Linux server to run the server create script.  


 


2. Simpler option - simply run “wget” from the Linux server to download the script directly.    


For this deployment guide, I will show the simpler option 2 in the “Install MS Tunnel Gateway on the Linux server” section 


below.   


Install MS Tunnel Gateway on the Linux server 
Note: we run the following commands while in the following working directory on the Linux server (in this example this 


happens to be the home directory of the Linux admin called “bill”):  


/home/bill 


1. On the Linux server, download the installer script using wget:  


wget --output-document=mstunnel-setup https://aka.ms/microsofttunneldownload 


See example below: 


 


Figure 66 - SSH Connection - wget --output command 


Add the execute permission to the mstunnel-setup file (installer script) using chmod.  


chmod u+x ./mstunnel-setup 



https://aka.ms/microsofttunneldownload
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See example below: 


 


Figure 67 - Windows PowerShell - chmod u+x ./mstunnel-setup command 


2. Run the installer script: 


sudo ./mstunnel-setup 


 


 


Figure 68 - Windows PowerShell - sudo ./mstunnel-setup command 


You will be presented with the MS Tunnel License Terms (EULA).  NOTE: You need to use the keyboard space bar to page 


thru. 


 


Figure 69 - Microsoft Tunnel Gateway license agreement 


 


When you’re at the end of the EULA, you will see 100% (q to exit) at the bottom of the page.  Hit “q” to continue.   


 







48 
 


The script will continue to pull down MS Tunnel container packages.  At the end you must accept the terms of the license.  


Type “yes” to continue.   


 


Figure 70 - sudo ./mstunnel-setup process 


 


Once you accept the terms, you will be presented with “Admin Task 2” requiring you to install/you’re your TLS/SSL 


certificate to a specific directory.  See example below: 


 


Figure 71 - Installation process 


 


Now we need our TLS/SSL certificate.  We need to copy the certificate we uploaded (using SCP) in Section “Copy TLS/SSL 


certificate for MS Tunnel Gateway” to the directory “/etc/mstunnel/private/”  


At this point we have 2 choices:  
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a) Open a new terminal (SSH) to the Linux server, copy the PFX file to the above directory. 


b) Stop the install script now (type “no” above), and copy the PFX file to the above directory, and then re-run the 


installer script (mstunnel-setup). 


 


3. In this guide, I have chosen to open a new SSH terminal and copy the PFX file to the specified location. 


NOTE: If using a PFX certificate, the destination file name for the certificate must be “site.pfx”.  With this in mind, I copied 


the PFX certificate to the specified directory using the following sample command: 


sudo cp cc-mst-rhel84-tls.pfx /etc/mstunnel/private/site.pfx 


See example below: 


 


Figure 72 - Windows PowerShell - clear and sudo cp command 


 


4. Now back to the SSH terminal where the installer script is running, type in “yes” to continue. 


 


Figure 73 - Windows PowerShell - SSH Terminal 


 


NOTE: you will be prompted for the PFX password (Import Password).  Please type in the password from your exported 


PFX certificate.  Refer to: MS Tunnel TLS cert 
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5. The install will continue – Configuring components.  Like how we ran the readiness tool with the “account” option.   Here 


we need to login with an Intune service admin or Global administrator (licensed for Intune) to enroll this server to your 


tenant.   


 


You will be prompted to open a browser and go to: https://microsoft.com/devicelogin and enter the supplied code.  See 


example below: 


 


Figure 74 - device login 


When you go to: https://microsoft.com/devicelogin you will be presented an “Enter code” dialog.  Type in the supplied code 


from the terminal, then sign-in with the proper credentials.  See below: 


  


Figure 75 - Authentication Page 



https://microsoft.com/devicelogin

https://microsoft.com/devicelogin
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Figure 76 - Authentication Page - Account picker 


 


Figure 77 - Authentication Page - sign in confirmation 


                


Figure 78 - Authentication Page Confirmation 


 


6. If you have more than one site configured, you will see a prompt to enter one of the listed “Site-ID”s.  You must specify 


the Site ID, not the Name. 







52 
 


 


Figure 79 - SSH Command - Creating MS tunnel Service 


 


Figure 80 - SSH Command - Admin Task 


 


7. You will see additional details, in particular Info: messages stating, “Creating service mstunnel-server” and “Installation 


Successful”.  At this point we have successfully installed the MS Tunnel Gateway! 
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Figure 81 - SSH Command Installation process 


 


NOTE: At the time of this writing there is an issue with the deployment of MS Tunnel on RHEL using Podman.  After a 


new install, clients will not connect.  The mstunnel-server container must be restarted on the Linux host.  To do this 


simply run the following command: 


 


sudo mst-cli server restart  


 


Figure 82 - SSH Command - sudo mst-cli server restart 
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From the MEM console we can now see the new server.  See example below: 


 


Figure 83 - Microsoft Endpoint Manager - tenant admin - Microsoft Tunnel Gateway 


 


Advanced Deployment 
For this guide an “Advanced” deployment will consist of two RHEL 8.4 Azure VM’s each with a second Network Interface (NIC) 


and the use of Azure Network Load Balancer to provide High Availability. 


 


NOTE: In this deployment guide, the “Simple” deployment is using a single NIC that is both public facing and has access to 


an Azure IaaS set of VM’s providing a sample “on-premises infrastructure”.   


 


However, in a real-world deployment, we recommend using two Network Interface controllers (NICs) per Linux server to 


improve performance, though use of two is optional. 


• NIC 1 - This NIC handles incoming traffic from your managed mobile clients and should be on a public network with public 


IP address.  This IP address/FQDN is the address that you configure in the Site configuration. This address can represent a 


single server or a load balancer. 


  


• NIC 2 - This NIC handles traffic to your on-premises resources and should be on your private internal network without 


network segmentation. 


 


If you run Linux as a VM in the cloud, you’ll need to ensure the server has access to your on-premises network. For example, if 


your VM runs in Azure, you can use Azure ExpressRoute or something similar to provide access. If the Linux server is on-


premise, ExpressRoute isn't necessary. 


 


Please keep in mind this guide is using Azure VMs and Azure NLB as an example or framework that can be used to help 


customers get familiar with and understand how MS Tunnel works.  How a customer chooses to deploy in production is 


completely up to their respective IT teams.   


 


With respect to the use of 3rd party load balancers, consult your vendors documentation for configuration details. Take into 


consideration network traffic and firewall ports specific to Intune and the Microsoft Tunnel.    
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Azure Network Load Balancing (NLB) 
This section provides guidance on how to configure Azure NLB to provide a load-balancing solution if your Linux server is 


running in Azure.  


NOTE: If you wish to use Azure NLB then you must configure an “Availability Set” prior to creating your Azure Linux server 


VM’s.  This is required as the VM must be associated to an Availability Set at create time.  


In environments that require a high degree of scalability and availability for Tunnel, the recommendation would be to deploy 


Tunnel in conjunction with a load balancer.  By targeting the Tunnel site configuration at the public FQDN or IP of the load 


balancer client load will be distributed across each Tunnel service instance in the load balancer VM Pool.  This provides the 


ability to automatically balance load across server instances and additionally ensure if a Tunnel server is down clients are 


automatically redirected to an active server.  Sample architecture below for a single site with three Tunnel servers: 


 


Tunnel Site 1
TunnelNLB.fu.net


Azure NLB
Public IP


TunnelVM1


TunnelVM2


TunnelVM3


Tunnel VM
Availability Set


Azure vNets


NLB and
NLB VM Pool


SN=TunnelNLB.fu.net
SAN=TunnelNLB.fu.net


 


 


Overview deployment for an Azure load balancer are documented here: https://docs.microsoft.com/en-us/azure/load-


balancer/quickstart-load-balancer-standard-public-portal 


 


Create an Azure “Availability Set” 
Create an “Availability Set” in your tenant. From the Azure portal, select “Create a resource” and select “Availability Set”.   


Ensure it’s in the same resource group and region that you want to create your Tunnel VMs. 


 



https://docs.microsoft.com/en-us/azure/load-balancer/quickstart-load-balancer-standard-public-portal

https://docs.microsoft.com/en-us/azure/load-balancer/quickstart-load-balancer-standard-public-portal
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Figure 84 - Microsoft Azure Portal - Create a resource - Availability set 


  


 


 


Figure 85 - Microsoft Azure Portal - Crate availability set 


 


Provision two RHEL 8.4 VM’s specifying the “Availability Set” 
Create two or more Linux server VM’s in an “Availability Set” (you cannot use existing VMs that are not in an Availability set).   


You can reference the “Simple Deployment” section for the steps on how to provision your RHEL 8.4 VMs.  Below is an 


example screenshot specifying the “Availability set” created in the previous step – “USNE-Tunnel-AvailabilitySet”. 
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Note: VM’s must be created before you can proceed to create and configure the NLB in step 3. 


 


 


Figure 86 - Microsoft Azure Portal - Create a virtual machine - availability set 


 


After the VM’s are provisioned, create a 2nd NIC for each VM.  Use the following guidance to create the 2nd NIC.  In this guide, 


we have 1 VNET with 2 subnets: 


• A Private Subnet – in our case this is our emulated on-premises network.  Keeping in mind for this deployment guide, we 


emulate on-premises resources using Azure IaaS VM’s to provide an AD Domain Controller, Certificate Authority, and a 


Webserver which serves as an on-premises resource to access using test mobile clients using the MS Tunnel app.   


- As a side note, if you plan to host MS Tunnel in Azure, and the resources you wish to make available are on-premise, 


then you will need to use something like Azure Express Route to provide the necessary network routes back to on-


prem. 


• A Public Subnet – which is used to associate the VM’s public facing NIC to an Azure NLB backend pool. 
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Adding a 2nd Network Interface (NIC) to an Azure VM 
 


For full details please refer to Azure online documentation: Create a Linux VM in Azure with multiple NICs - Azure Virtual 


Machines | Microsoft Docs 


 


The following is an example of how to add a 2nd NIC using the Azure Portal console. 


1. Using an Azure Resource Group where you current Linux VM is located, click on “+Add” to add a new resource.  In the 


search bar type in Network, and select “Network interface”.  See example: 


 


Figure 87 - Microsoft Azure portal - Network Interface 


 


2. Next, provide the necessary details below.  Please refer to online docs for specifics. 


 


NOTE: The “Virtual Network” – VNET and subnet selection especially important as this VNET/subnet will be either a 


public facing network or have access to the internal network where an Express Route to your on-premises resources 


exist. 


 


 


Figure 88 - Microsoft Azure portal - Network interface 


 



https://docs.microsoft.com/en-us/azure/virtual-machines/linux/multiple-nics

https://docs.microsoft.com/en-us/azure/virtual-machines/linux/multiple-nics
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Figure 89 - Microsoft Azure portal - Virtual network 


 


NOTE: notice, the subnet in the example above – representing our “private” subnet for this deployment guide.  The 


logical name given to the NIC corresponds accordingly.  When the VM was created, the 1st NIC created was associated 


to the “public” subnet.  


 


 


Figure 90 - Microsoft Azure - Network Interface 
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Figure 91 - Microsoft Azure - Network interface Deployment 


Once the NIC deployment is complete, you need to “Attach” the NIC to your VM.   


  


Figure 92 - Microsoft Azure - Network - IP 


3. To attach the new NIC, you must STOP the VM if it’s still running.  Then go to the VM, and under “Settings” select 


“Networking” and click on “Attach network interface”.  See example: 


  


Figure 93 - Microsoft Azure - Networking - Attach network interface 


 


You will see a dialog to “Attach existing network interface”.  Use the drop-down list to find the NIC you created.  Hit 


“OK” to finish.  
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Figure 94 - Microsoft Azure - Network - Attach network interface - IP 


Create a “Azure Network Load Balancer” 
1. Now we create a new “Azure Network Load Balancer”.  Go to Azure “services”, search for “load” and select “Load 


balancers”.  See example:  


 


 


Figure 95 - Microsoft Azure - Azure Network Load Balancer 


 


 


Figure 96 - Microsoft Azure - Load balancing - Create 


 


Click “+Create”, in the “Basics” tab, under “Instance details”, provide the following: 


• Name: a logical name for your NLB.  


• Type: select “Public” 


• SKU: we suggest “Standard” as this will allow you to use “HTTP” as a probe protocol in your NLB configuration. 


• Tier: for our deployment lab – we select “Regional”.  However, for production deployments select based on your 


needs.  Refer to Azure docs for details and guidance. 
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See example below: 


 


Figure 97 - Microsoft Azure - Create load balancer 


 


2. Next in “Frontend IP configuration”, select “+ Add a frontend IP”.  See example below: 


 


Figure 98 - Microsoft Azure - add a frontend IP 
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In the “Add frontend IP address”, provide a logical “Name”, and you can “Create new” Public IP address – Here you 


need to provide: 


 


• Name: a logical name for the frontend IP address 


• Public IP address: a logical name for the Public IP address 


o SKU, Tier, and Assignment are based on the “Basic” settings chosen 


o Availability zone – for the deployment guide we select “No Zone”.  Refer to Azure docs for 


additional guidance. 


 


Click “OK” and then “Add” to continue.  See example screenshot below: 


 


Figure 99 - Microsoft Azure - Add frontend IP address 


 


At this point, you should see the “Frontend IP” created.  Click “Next: Backend pools >” to continue.  See example 


below: 
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Figure 100 - Microsoft Azure – Backend pools 


 


3. Here we will “+ Add a backend pool” – your VM’s     .  See example below: 


 


 


Figure 101 - Microsoft Azure – add a backend pool 


 


At this point you will be presented with the “Add backend pool” interface.   


Here you must provide: 


 


• Name:  a logical name for the backend pool. 


• Backend Pool Configuration: select NIC 


• IP Version: select IPv4 


• Virtual machines – click “+Add” and select the VM’s and respective public facing “IP configuration” (hint: this should 


be the public IP/subnet).  In this deployment guide, it’s the 192.168.17.0 network address 


 


 







65 
 


 


Figure 102 - Microsoft Azure - Add backend pool 


 


After the VM’s have been added, you should see the following.  Go ahead and click “Add” at the bottom of the panel.  See 


example below: 
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Figure 103 - Microsoft Azure - Add backend pool - Virtual machines 


 


At this point the “Backend pool” configuration is complete.  Next, we need to create our “Inbound rules”. 
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4. Click “Next: Inbound rules >”.   


 


 


 


Figure 104 - Microsoft Azure portal - Create load balancer - inbound rules 


 


Here we create our “Load balancing rules”, and any “Inbound NAT rules” we may need.  These rules determine what traffic 


will be routed, what VM Pool to use, what health probes will be used, and controls sessions persistence.  Click on “+ Add a 


load balancing rule” to begin: 


 


 


Figure 105 - Microsoft Azure - add load balancing rule 


You will be presented with the following panel.  Provide a “Name”, select the values (Protocol, Port, Backend port) based on 


the example below.  For the “Frontend IP address” and “Backend pool” drop down, please select the respective objects we 


created previously.  


  


We also need to “Create new”- “Health probe”.  This health probe is how the load balancer determines if a VM is responding.  


If the VM stops responding on port 443 the load balancer will route traffic to a VM that is responding.  This step can be done 


now or later.  In this deployment guide we’ll take care of it now.  
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Provide a “Name”, select TCP for Protocol, and Port 443.  Use the example below as your baseline configuration.  Click “Add” 


when finished.   


  
Figure 106 - Microsoft Azure portal - Add load 
balancing rule 


 


  
Figure 107 - Microsoft Azure portal - Add load 
balancing rule - Session persistence 


 


 


After you have successfully added the “TCP/443 - Load balancing rule”, we need to create a “UDP/443 -Load balancing rule”.  


Click on “+ Add a load balancing rule”.  Create a UPD/443 rule as follows, then click “Add” to continue: 
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Figure 108 - Microsoft Azure portal - Add load balancing rule 


 


5. We can now proceed to “Outbound rules” which govern outbound connections to the Internet.   


NOTE: Regarding “Inbound NAT rules”.  In this deployment guide we will not make use of these rule types.  But as an 


example, if you wished to change the SSH port facing the internet, you could create a NAT rule accordingly.  However, that 


is beyond the scope of this guide.   


 


NOTE: To improve security for your SSH connectivity we would recommend enabling “Just in time” VM access for your 


Linux VMs: 


 


Figure 109 - Microsoft Azure portal -Just-in-time VM access 
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Figure 110 - Microsoft Azure portal - Create load balancer - Outbound rule 


 


6. Click on “+Add an outbound rule” to begin:  


 


Figure 111 - Microsoft Azure portal - Add an outbound rule 


Use the following screenshot as an example: provide a “Name”, select the “Front IP address” and “Backend pool” objects 


previously created, and “Use the default number of outbound ports” for Port allocation.  Click “Add” when finished. 
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Figure 112 - Microsoft Azure portal - Add outbound rule 


 


7. At this point, we have configured all our required settings.  Click “Review + create” to proceed. 


 


 


Figure 113 - Microsoft Azure portal - Create load balancer - Review + create 
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Review the summary in the “Validation passed” screen.  Click “Create” to complete! 


 


Figure 114 - Microsoft Azure portal - Create load blancer - Create 


 


If all goes well the NLB deployment will complete successfully: 


 


 


Figure 115 - Microsoft Azure portal - deployment completed 


8. Almost done, at this point we need to create a DNS “A” or “CNAME” record for the Load Balancer Public IP object with 


your domain provider (i.e., TunnelLB.yourDomainName.com --- > tunnellb2.eastus.cloudapp.azure.com).  


 


Specifying the DNS name for the NLB IP can be done either via any of the VM settings in Azure or via the NLB “Public IP 


address” object located in your Resource Group. In this guide, we show how to perform this task via the VM settings.   


Select any one of the VM’s you created and edit the “DNS name” value, which should show as “Not configured”.  See 


example below:  
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Figure 116 - Microsoft Azure portal - DNS name 


  


Click on “Not configured”, and enter a DNS name for your Azure Network Load Balancer, then “Save” 


 


   


Figure 117 - Microsoft Azure portal - Virtual Machine - Networking - DNS Configuration 


 


Next, you need to add the A or CNAME record with your public domain name provider.  Here is an example of the CNAME 


record we created for our deployment guide - “CaleroCorp.com” domain:  


 


 
 


NOTE: the FQDN of the CNAME record is – “cc-ne-tunnel.calerocorp.com” – this is the FQDN that we will use when 


creating the MS Tunnel “site” object.   


Additionally, this FQDN is also used in the certificates we issue for the VM’s – each certificates Subject Name will be the 


common name: “cc-ne-tunnel”, and the Subject Alternative Name will be the FQDN: “cc-ne-tunnel.calerocorp.com” 
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Using the MEM console, create the Tunnel Site and Server objects. 
Now that we have our Azure Network Load Balancer configured.  We need to create a new “Site” in MEM.  With respect to the 


“Server configuration”, you can use an existing “Server configuration” object or create a new one.  The steps to configure 


these objects are provided in detail in the Simple Deployment section – “MS Tunnel Gateway configuration using MEM 


console”. 


Below is an example of the new Site we create for our Azure NLB configuration.  Note: The Public IP address or FQDN value 


should contain the FQDN of our Azure NLB Public IP address CNAME. 


 


Figure 118 - Microsoft Azure portal - Public IP Address 


At this point, you should (if you haven’t done so already) perform the following tasks: 


1. SSH into your 2 RHEL 8.4 VMs,  


2. install Podman,  


3. Install the VMs corresponding TLS/SSL certificates 


a. Refer to step 8 in the “Create a Azure Network Load Balancer” section for guidance on the SN, and SAN values to 


use.  As well as the PKI Certificates section – “Guidance for TLS/SSL cert when Load Balancing MS Tunnel 


Gateway” 


4. Run the “mst-readiness” script on both VMs 


5. Create the MS Tunnel server object using the “mstunnel-setup” script 


6. Refer to the Simple Deployment section of this guide for detailed steps on how to accomplish the above steps. 


If you need to add additional servers at a later date you will take the following steps: 


1. Create a new VM in the existing Tunnel VM availability set 


2. Add the new server to the existing Load Balancer Backend Pool 


3. When you configure the Tunnel server you will add it to the same NLB site name 


  



https://microsoft-my.sharepoint-df.com/personal/wicale_microsoft_com/Documents/Resource-Access/MS-Tunnel/Deployment-Guide/Azure#_Create_a_
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Using Conditional Access (CA) with Tunnel 
 


Before you can use Conditional Access with Tunnel you must enable your tenant to support Microsoft Tunnel for Conditional 


Access.  This process is documented online here: https://docs.microsoft.com/en-us/mem/intune/protect/microsoft-tunnel-


overview#use-conditional-access-with-the-microsoft-tunnel  


1. From a Windows 10 desktop, download and install the AzureAD PowerShell module. 


2. Download the PowerShell script named mst-CA-readiness.ps1 from aka.ms/mst-ca-provisioning. 


3. Using credentials that have the Azure Role permissions equivalent to Application Administrator, run the script from 


any location in your environment, to provision your tenant.   You may have to modify your PowerShell script 


execution policy to run the script using the following cmd:  


 


Set-ExecutionPolicy -executionPolicy Unrestricted 


 


Figure 119 - Windows Powershell - Set Exeuction Policy 


4. The script modifies your tenant by creating a service principle with the following details: 


App ID: 3678c9e9-9681-447a-974d-d19f668fcd88 


Name: Microsoft Tunnel Gateway 


 


 


Figure 120 - Windows PowerShell - mst-ca-readiness.ps1 results 



https://docs.microsoft.com/en-us/mem/intune/protect/microsoft-tunnel-overview#use-conditional-access-with-the-microsoft-tunnel

https://docs.microsoft.com/en-us/mem/intune/protect/microsoft-tunnel-overview#use-conditional-access-with-the-microsoft-tunnel

https://docs.microsoft.com/en-us/azure/active-directory/users-groups-roles/directory-assign-admin-roles#application-administrator-permissions
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You can now open the Conditional Access blade in the MEM portal and create a new Conditional Access rule.  By targeting 


the Tunnel Cloud service, you can restrict which users can use Tunnel and enforce device compliance for connection to 


the service. 


1. Create a new Conditional Access rule by click on “New Policy” 


 


 


Figure 121 - Microsoft Endpoint Manager admin center- Conditional Access 


 


2. Select the user groups you would like to target.  In this case I am selecting “All users” and then excluding a group used 


for CA exemptions.   


 


 
Figure 122 - Microsoft Endpoint Manager admin 
center - Conditional Access Policy - Include 
 


 
Figure 123 - Microsoft Endpoint Manager admin 
center - Conditional Access - Specific User Group 


` 
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3. Then click on “Cloud apps or actions”, click on “select apps”, search for “Microsoft Tunnel Gateway”, check the box 


for the service, and click on “Select at the bottom: 


 


 


Figure 124 - Microsoft Endpoint Manager admin center – Conditional Access - Cloud apps or actions 


4. The click on “Grant” and select “require device to be marked as compliant”.  Note that you can control the grant 


controls by using other options like “Require multi-factor authentication”.  The radio button at the bottom will 


determine if either “all” conditions need to be met or only “one”. 


 


 


Figure 125 - Microsoft Endpoint Manager - Conditional Access - Access Control - Grant 
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5. Now under “Enable Policy” select “On”, then click on “Create” to create and turn on the policy: 


 


 


Figure 126 - Microsoft Endpoint Manager admin center - Enable Policy 


You can now verify that Tunnel is working with Conditional Access by checking the Azure AD sign-in logs.  In the MEM 


console select “Users”, select your test user, then click on sign-ins”.  You may have to check both “interactive” and “non-


interactive” logs. 


1. In this “Interactive” sign-in the user was blocked by Tunnel and force to enroll the device 


 


Figure 127 - Microsoft Endpoint Manager admin center - Azure AD sign-in logs 
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2. After enrolling the device the user connects via SSO and the connection can be found in “non interactive” logins.  You 


can see now that the device is both enrolled and compliant.  Most connections to Tunnel will be found under “non-


interactive” because the user will use existing AAD tokens and not be prompted to enter credentials.  If the user is 


required to enter credentials or provide MFA during the connection you will find the connection under “interactive” 


sign-ins. 


 


 


Figure 128 - Microsoft Endpoint Manager admin center - Sign In logs - Conditional Access status  


 


Connecting a Mobile Device 
There are a few required steps to get your mobile devices connected to MS Tunnel: 


1. Create a VPN Profile for Microsoft Tunnel 


2. Deploy the “Microsoft Defender for Endpoint app” from the Google Play store or “Microsoft Tunnel” app from the 


Apple app store. 


Create a MS Tunnel VPN profile 
Using the MEM console follow the online documentation for creating a VPN profile based on platform (Android Enterprise, 


iOS/iPadOS) 


• Android Enterprise MS Tunnel VPN profile 


o Use “Microsoft Tunnel” VPN Connection Type 


 


Figure 129 - Microsoft Endpoint Manager admin center - Configuration Profile - VPN Android 


 


• iOS/iPad OS MS Tunnel VPN profile 



https://docs.microsoft.com/en-us/mem/intune/protect/microsoft-tunnel-configure#android

https://docs.microsoft.com/en-us/mem/intune/protect/microsoft-tunnel-configure#ios
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o At the time of this writing, you need to use a VPN Connection Type of “Microsoft Tunnel (standalone client) 


(preview). 


 


Figure 130 - Microsoft Endpoint Manager admin center - Configuration Profile - VPN iOS 


 


Deploy the MS Tunnel client Applications 
To use Microsoft Tunnel Gateway, devices need to use a mobile client app.  You deploy the app using the MEM console.  


Using Microsoft Defender for Endpoint for Android 
For Android, download the “Microsoft Defender for Endpoint” app from the Google Play store.   


Follow the online documentation guidance for deploying store apps: 


• Add Android store apps to Microsoft Intune | Microsoft Docs 


 


 


Figure 131 - Microsoft Endpoint Manager - Microsoft Defender for Endpoint - Google Play Store 


 


NOTE: The “Microsoft Defender for Endpoint” is now the tunnel client app for Android.  The “Microsoft Tunnel 


app”, a standalone tunnel client app was available in preview and used a connection type of “Microsoft Tunnel 


(standalone client)”.  As of June 14, 2021, both the “Microsoft Tunnel app” and “standalone client connection type” 


are deprecated and will drop from support after October 26, 2021 


 


Using MS Tunnel for iOS 
At the time of this writing, support for MS Tunnel using “Microsoft Defender for Endpoint” app on iOS is not available.  To 


access Tunnel on iOS devices you need to deploy the “Microsoft Tunnel app” from the Apple app store.  



https://docs.microsoft.com/en-us/mem/intune/apps/store-apps-android
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Figure 132 - Microsoft Tunnel - Apple Store 


 


Follow the online documentation guidance for deploying store apps: 


• Add iOS store apps to Microsoft Intune | Microsoft Docs 


An Example: using Android Enterprise: Personally-Owned Work Profile 


Deploy the Defender for Endpoint app for Android Enterprise 
1. Using the MEM console, go to Apps > Android apps > and click on “+ Add”.  Then Select app type: “Managed Google 


Play app” 


 


Figure 133 - Microsoft Endpoint Manager admin center - Apps - Android Manage Google Play store 


2. Next, “Search Managed Google Play” – Type in “Microsoft defender for endpoint” 


 


Figure 134 - Microsoft Endpoint Manager - iFrame - Manage Google Play - Apps Results 


3. Approve based on your company requirements:  



https://docs.microsoft.com/en-us/mem/intune/apps/store-apps-ios
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Figure 135 - Microsoft Endpoint Manager - iFrame - Manage Google Play - Microsoft Defender Endpoint 


 


 


 
Figure 136 - Manage Google Play - Approve Apps 


 
Figure 137 - Manage Google Play - App 
Confirmation


        


NOTE: Ensure you hit the “Sync” button when done to coordinate the Managed Google play store app with your 


MEM-Intune tenant. 


 


4. Next, select the “Microsoft Defender Endpoint” app in your app list and make the necessary “Assignments”.  “Edit” 


Assignments to choose whether the app is “Required” (app is automatically pushed to the device) or “Available for 


enrolled devices” (End User must install the app from Managed Google Play app).   Select the appropriate AAD 


group(s) based on your environment.   
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Figure 138 - Microsoft Endpoint Manager admin center - App Properties 


 


Create a MS Tunnel VPN profile for Android Enterprise 
1. Using the MEM console, create a VPN profile for Android Enterprise.  See example: 


 


Figure 139 - Microsoft Endpoint Manager admin center - Configuration Profile 


 


NOTE: when creating the VPN profile type for Android Enterprise be sure to select the appropriate Android Enterprise 


enrollment type.  In this example we use – “Personally-Owned Work Profile”   


 







84 
 


 


Figure 140 - Microsoft Endpoint Manager admin center - Configuration Profile - Android Enterprise 


 


2. Next, provide a profile name and description.  Hit Next at the bottom of the page to continue 


 


 


Figure 141 - Microsoft Endpoint Manager admin center - Configuration Profile - Android Enterprise - Profile Name 
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3. For “Connection type”, select “Microsoft Tunnel” from the drop-down list, then expand “Base VPN” – click on “Select 


a site”, and choose the site you configured during the MS Tunnel deployment (refer to Simple Deployment section: 


MS Tunnel Gateway configuration using MEM console or Advanced Deployment section: Using MEM console, create 


the Tunnel Site and Server objects. 


 


 


Figure 142 - Microsoft Endpoint Manager admin center - Configuration Profile - Android Enterprise - Microsoft Tunnel - 
Connection Type 


 


4. In this example we will use MS Edge as the Per-app VPN that will use the Tunnel VPN.  On Android Enterprise this 


setting will limit the use of the VPN to only selected apps.  Note, you must have previously added MS Edge from 


Google Play into your Intune MEM tenant.  For reference see: Add Android store apps to Microsoft Intune | Microsoft 


Docs.   


Next, Click on Always-on VPN, and Enable (this automatically turns on the Tunnel VPN on the device). 


 



https://docs.microsoft.com/en-us/mem/intune/apps/store-apps-android

https://docs.microsoft.com/en-us/mem/intune/apps/store-apps-android
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Figure 143 - Microsoft Endpoint Manager admin center - Configuration Profile - Android Enterprise - VPN - Per-App VPN 
 


5. I don’t make any changes to the “Proxy” section.  My test environment is not using a Proxy.  


 


Note: The Proxy setting here does allow for a proxy server that uses “Break and Inspect” technology.  These details 


are called out in the “Architecture” section.    


 


6. Custom settings - When using Microsoft Defender for Endpoint to connect to Tunnel, use custom settings in the VPN 


profile to manage Defender for Endpoint instead of using a separate app configuration profile. If you do not intend to 


use any Defender functionality, including web protection, use custom settings in the VPN profile and set the 


defendertoggle setting to 0. 


 


In this deployment guide, we are not using Defender functionality, so we set a “Custom setting” – defendertoggle = 0.  


See below: 



https://docs.microsoft.com/en-us/mem/intune/protect/microsoft-tunnel-configure#use-custom-settings-for-microsoft-defender-for-endpoint
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Figure 144 - Microsoft Endpoint Manager - Configuration Profile - Android Enterprise - VPN Profile - Custom Settings 


 


7. Move on to “Assignments” and associate the profile to an AAD Group of users.  Next, under “Review + create”, I click 


on “Create” to finish. 


 


Defender for Endpoint – MS Tunnel experience on Android Enterprise 
From the device side, based on our VPN profile settings, you should see similar screens when the Defender app receives the 


Tunnel VPN profile: 


 


 
Figure 145 - Microsoft Defender for Endpoint - 
Android Enterprise - Connection Request 


 
Figure 146 - Microsoft Defender for Endpoint - 
Android Enterprise - Message Box 


       


  NOTE: the reason we see the message above stating “Your admin has disabled Microsoft Defender for Endpoint …” is 


because we are using the customer setting – defendertoggle = 0 in the VPN profile. 


 


Accessing on-premise resources using Edge 
Let’s test the connection.  Since I enabled per-app VPN for Edge mobile, the Tunnel is only available to Edge on the device.  I 


also enabled “Always-On” which will keep the tunnel connection for the device active. 


When hitting a URL which falls within the Tunnel Server Configuration parameters (DNS search suffix, Split Tunnel rules, etc.) 


the on-premise resource is accessible.  See Below: 
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Figure 147 - Android Enterprise - Website Confirmation - 
VPN Online 


 
Figure 148 - Microsoft Tunnel - Android Enterprise - 
Connection Status 


   


 


If you check the device VPN settings (the example below is a Pixel device) you wil see the MEM – Tunnel VPN profile detail: 


 


Figure 149 - Android Enterprise - Google Pixel Device - VPN Profile Details 
 


An Example: using iOS/iPadOS 


Deploy the MS Tunnel app for iOS: 
5. Using the MEM console, go to Apps > iOS/iPadOS apps > and click on “+ Add”.  Then Select app type: “iOS store app” 


 


Figure 150 - Microsoft Endpoint Manager admin center - Configuration Profile - VPN - iOS/iPADOS 


6. Next, “Search the App Store” 
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Figure 151 - Microsoft Endpoint Manager admin center - Add App - Apple App Store 


7. Type in “Microsoft Tunnel”, when it appears, click on “Select” at the bottom of the page. 


 


Figure 152 - Microsoft Endpoint Manager admin center - Search App Store 


8. Type in any additional details you wish, and hit “Next” at the bottom of the page to move onto “Assignments” 


 


Figure 153 - Microsoft Endpoint Manager admin center - Add App - iOS store app - Microsoft Tunnel 


9. Under “Assignments” choose whether it’s “Required” (Intune will push the app down to the device automatically) or 


“Available for enrolled devices” (End User must install the app from the Company Portal app).   Select the appropriate 


AAD group(s) based on your environment, in the example below I am using a AAD group called “iOS Users”.   


 


DO NOT associate a VPN profile to the MS Tunnel VPN app.  The VPN setting should be “None” 
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Figure 154 - Microsoft Endpoint Manager admin center - Add App - iOS App Store - Include Group 


 


NOTE: At this time, the MS Tunnel app is only available for Intune enrolled managed devices.  


 


10. Move to “Review and Create” and click on “Create” at the bottom of the page.  All Done! 


 


Create a MS Tunnel VPN profile for iOS 
1. Using the MEM console, create a VPN profile for iOS/iPad.  See example: 


 


Figure 155 - Microsoft Endpoint Manager admin center - iOS/iPadOS - Configuration Profile 


 


2. Next, provide a profile name, and description.  Hit Next at the bottom of the page to continue. 


 


Figure 156 - Microsoft Endpoint Manager admin center - Configuration Profile - VPN iOS/iPADOS 
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3. For “Connection type”, select “Microsoft Tunnel” from the drop-down list: 


 


Figure 157 - Microsoft Endpoint Manager admin center - Configuration Profile - Connection Type - Microsoft Tunnel 


4. Expand “Base VPN” and provide a “Connection name” (this will be the name of the VPN profile that appears on the 


mobile device), and select a “Microsoft Tunnel site”, this will display a list of “sites” you have created.  In my example 


below I have 4 sites to choose from.   The MS Tunnel app will use this VPN profile to connect to your on-premises 


network based on the site settings configured during the MS Tunnel setup. 


 


Figure 158 - Microsoft Endpoint Manager admin center - Configuration Profile - iOS/iPadOS - VPN Settings 


 


5. Next, expand “Per-app VPN”, and decide whether this profile will provide a “per-app VPN” connection or not.  In my 


example I have enabled per-app VPN.  Later I cover how to enable the “per-app” VPN trigger for the Edge mobile app 


in my tenant. 


 


Figure 159 - Microsoft Endpoint Manager admin center - Configuration Profile - VPN iOS - Per-app VPN 


6. I don’t make any changes to the “Proxy” section.  My test environment is not using a Proxy.  


 


Note: The Proxy setting here does allow for a proxy server that uses “Break and Inspect” technology.  These details 


are called out in the “Architecture” section.    


 


7. I move on to “Assignments” and associate the profile to an AAD Group of users.  Next, under “Review + create”, I click 


on “Create” to finish. 
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iOS per-app VPN using Edge mobile 
Since I enabled “Per-app VPN” in the “MS Tunnel VPN profile”, I must enable an app to trigger the VPN.  I will use Edge mobile. 


1. Using the existing Edge mobile app in my Intune tenant, I modify the “Assignments” property to associate the MS 


Tunnel VPN profile I created in the Create a MS Tunnel VPN profile for iOS section. 


I start by clicking on “None”.  See below: 


 


Figure 160 - Microsoft Endpoint Manager admin center - Microsoft Edge - Per App VPN Include. 


2. Next, I edit the assignment, under the “App settings” > VPN drop down list I select the MS Tunnel VPN profile I 


created.  See below: 


  


 


Figure 161 - Microsoft Endpoint Manager admin center - Per App VPN Settings - Microsoft Tunnel 


 


3. Click “OK” at the bottom of the page, next “Review + save”. All done! 


Use the MS Tunnel app on iOS 
Let’s test the connection.  Since I enabled per-app VPN for Edge mobile, and the VPN “Associated Domains” included 


“corp.calerocorp.com” the VPN tunnel is triggered when hitting a URL with that domain.  See Below: 
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Figure 162 - iOS Safari - Website Confirmation - VPN Connected 


 


When I jump into the MS Tunnel App, I can see the connection details: 


 


Figure 163 - Microsoft Tunnel App - iOS - Connection Details 


Troubleshooting – networking, client app logs and more 


General Linux host scenarios: 
• If you’re having client connectivity issues.  Please ensure port HTTPS is accessible to the MS Tunnel Gateway.  If you’re on 


a Windows 10 desktop you can use the following PowerShell cmd to test connectivity to port 443: 


Test-NetConnection -port 443 your_Linux_host_FQDN … should output the following results… 


ComputerName     : your_Linux_host_FQDN 


RemoteAddress    : 45.75.8.161 


RemotePort       : 443 


InterfaceAlias   : Ethernet 
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SourceAddress    : 192.168.1.4 


TcpTestSucceeded : True 


 


• Ensure “ip_forwarding” is enabled after installing MS Tunnel.   


As part of the MS Tunnel deployment script, “ip_forwarding” is automatically enabled on the Linux host.  To confirm run 


either of following cmd’s via an SSH session (both commands return a value of 0 for disabled and a value of 1 for enabled) 


sudo sysctl net.ipv4.ip_forward 


sudo cat /proc/sys/net/ipv4/ip_forward 


 


Refer to our online doc’s for additional details:   


Identify the prerequisites to install and use the Microsoft Tunnel VPN solution for Microsoft Intune | Microsoft Docs 


 


• Verify if packet inspection (break and inspect) is being used from the Linux host  


In certain customer environments the network, server infrastructure, and mobile management teams are not one and the 


same, as a result server installs, and network configurations may not  all be on the same page.  For example, some 


companies employ network “break and inspect” technology for all incoming or outgoing traffic the mobile team installing 


MS tunnel may not be aware of when performing the install.  As mentioned in the Architecture section “Break and 


inspect” is not supported.  If you’re having trouble with the Tunnel install script.  Check to see if packet inspection is 


taking place.  To do this perform the following:  


Using an SSH connection run the following curl command:  
  


curl -v -s -X POST -F client_id="256e3b6b-55ad-4469-83a2-3c26f4f00270" -F 
resource="https://manage.microsoft.com/" "https://login.microsoftonline.com/common/oauth2/devicecode" 


  


Will produce something similar … the highlighted cert is associated with the MS auth endpoint … If packet 
inspection is taking place, then you will see a 3rd party proxy self-signed cert in the highlighted text below: 
  
* About to connect() to login.microsoftonline.com port 443 (#0) 
*   Trying 40.126.2.37... 
* Connected to login.microsoftonline.com (40.126.2.37) port 443 (#0) 
* Initializing NSS with certpath: sql:/etc/pki/nssdb 
*   CAfile: /etc/pki/tls/certs/ca-bundle.crt 
  CApath: none 
* SSL connection using TLS_ECDHE_RSA_WITH_AES_256_GCM_SHA384 
* Server certificate: 
*       subject: CN=stamp2.login.microsoftonline.com,O=Microsoft Corporation,L=Redmond,ST=Washington,C=US 
*       start date: Oct 06 00:00:00 2020 GMT 
*       expire date: Oct 06 12:00:00 2021 GMT 
*       common name: stamp2.login.microsoftonline.com 
*       issuer: CN=DigiCert SHA2 Secure Server CA,O=DigiCert Inc,C=US 
> POST /common/oauth2/devicecode HTTP/1.1 
> User-Agent: curl/7.29.0 
> Host: login.microsoftonline.com 
> Accept: */* 
> Content-Length: 306 



https://docs.microsoft.com/en-us/mem/intune/protect/microsoft-tunnel-prerequisites#network

https://login.microsoftonline.com/common/oauth2/devicecode
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> Expect: 100-continue 
> Content-Type: multipart/form-data; boundary=----------------------------d60e23916550 


 
 


• Use your favorite browser to check tunnel availability.   


Ensure the MS Tunnel server is responding, and you can also check its certificate. 


 


Figure 164 - Microsoft Edge - Microsoft Tunnel - Server Response 


• Verify TLS/SSL certificate: 


 


Figure 165 - Microsoft Edge - Certificate Validation - Microsoft Tunnel Webservice 


  


Client-side logs 
For troubleshooting purposes, you can obtain logs by tapping on “Help” within the MS Tunnel app. 


 


Figure 166 - Microsoft Tunnel App - Help Section 


Next, tap on “Send logs” 
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Figure 167 - Microsoft Tunnel App - Send Logs 
 


You can provide your MS support person with the “Incident ID” and email the logs as well. 


 


Figure 168 - Microsoft Tunnel App - Send Logs - Incident ID Confirmation 


 


If you email the logs to yourself, you can discover issues on your own: Open the logs and you should see detailed information 


on a connection failure taking place.   


 


Figure 169 - Trace Error Log Review 


In the example above, there is 1 definite problem, and a 2nd potential issue: 
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• The first is simple, the TLS connection is trying a FQDN of “sullyzone-tunnel.eastus.cloudapp.azure.com” and there is a 


certificate name mismatch – looks like a wild card cert is being used with “*.zullyzone.com”.  In this case the IT Pro forgot 


to create a CNAME record for the Linux server in Azure.   For example, CNAME: sullyzone-tunnel.zullyzone.com to DNS 


record: sullyzone-tunnel.eastus.cloudapp.azure.com 


In addition, the Tunnel site configuration has to be updated to match the CNAME record. 


 


• The second issue may be that the required port 443 is being blocked.  To fix this, the inbound 443 port needs to be 


opened.    


Operations 
In this section we will cover what’s available from a monitoring and logging/reporting perspective with MS Tunnel Gateway. 


To begin, as an IT pro you should become familiar with the Tunnel CLI commands “mst-cli” to monitor and perform some 


management tasks.  These are well documented here:  


• File and command reference for Microsoft Tunnel Gateway, a VPN solution for Microsoft Intune | Microsoft Docs 


A few mst-cli examples: 


 


Figure 170 - Windows PowerShell - SSH Connection - mst-cli results 


Notes: In the example above, the server is part of our Azure LB setup.  As a result, the first 2 entries correspond to the 


Azure LB health probes used (TCP, UDP).  IP address 168.63.129.16 is a virtual public IP address that is used to facilitate a 


communication channel to Azure platform resources – See: What is IP address 168.63.129.16? | Microsoft Docs for 


details.   


Users are listed by their AAD GUID, and you will notice the dtls-cipher in use by the connected clients (users) 


 


 


Figure 171 - SSH Terminal - dtls-ciper results 


Notes: Notice that the user connected is not using a dtls-cipher (no-dtls).  The reason for this in this example is because 


the server firewall is blocking UPD port 443.  We strongly recommend opening UDP port 443.  See Architecture section for 


details. 



https://docs.microsoft.com/en-us/mem/intune/protect/microsoft-tunnel-reference#mst-cli-command-line-tool-for-microsoft-tunnel-gateway

https://docs.microsoft.com/en-us/azure/virtual-network/what-is-ip-address-168-63-129-16
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Figure 172 - SSH Terminal - mst-cli server show results 


Notes: if you type “mst-cli server show” and hit enter you will get a list of available options for “show”.  Very helpful cmds. 


Monitoring 
As an IT pro you can view the server configuration and server health in the Microsoft Endpoint Manager admin center 


(endpoint.microsoft.com).  For documentation you can reference: 


• Monitor the status of the Microsoft Tunnel VPN solution for Microsoft Intune | Microsoft Docs 


From the MEM console you can view the overall “Health status” of your MS Tunnel Gateway servers.   


 


Figure 173 - Microsoft Endpoint Manager admin center - Tenant Admin - Microsoft Tunnel Gateway Status Page 


 


The server’s “Name” is a hyperlink which will allow you to have a deeper look at several key metrics: 



https://docs.microsoft.com/en-us/mem/intune/protect/microsoft-tunnel-monitor#use-the-admin-center-ui
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Figure 174 - Microsoft Endpoint Manager admin center - Tenant Admin - Microsoft Tunnel Server Health Status 


 


Logging 
From a logging perspective, you have a few options: 


• You can download error-related logs via the MEM console: Tenant administration > Microsoft Tunnel Gateway > Health 


Status > select Server > select the Logs tab in the view.  Note: these logs will not contain Tunnel-client 


session/connection events (to see client sessions, you can use the Linux cmdline: “mst-cli server show sessions”).  See 


example below: 


 


Figure 175 - Microsoft Endpoint Manager admin center - Tenant Admin - Microsoft Tunnel Gateway - Health Status - Logs 


 







100 
 


Guidance on common MS-Tunnel log warnings & errors: 


Some common errors you may encounter in these logs: 


 


9/15/2021 4:17:04 PM Error error connecting to sec-mod socket '/var/run/ocserv-socket.5bdfefe': No such file or directory 


 


Potential reasons for error:  


o When the ms-tunnel server is restarted, this error will show. 


o Tunnel server loses connectivity to AAD.  In addition to this error, you also see the errors mentioned below. 


 


9/15/2021 4:17:24 PM Error ocserv-oidc: failed to download JSON document: URI 


https://sts.windows.net/YOUR_AAD_TENANT_ID /v2.0/.well-known/openid-configuration, CURLcode 6 


 


9/15/2021 4:17:24 PM Error ocserv-oidc: Unable to fetch config doc from 


https://sts.windows.net/YOUR_AAD_TENANT_ID/v2.0/.well-known/openid-configuration 


 


Potential reasons for error:  


o Tunnel server loses connectivity to AAD.  In addition to this error, you also see the errors mentioned below.  


Check: 


▪ If using a proxy, check configuration & connectivity 


▪ Check server connectivity to internet. Suggest curl tool. 


 


 


9/13/2021 3:56: 28 PM Warning GnuTLS error (at worker-vpn.c:861): An unexpected TLS packet was received. 


9/13/2021 6:35:01 PM Warning GnuTLS error (at worker-vpn.c:861): A packet with illegal or unsupported version was 


received. 


9/13/2021 6:35:04 PM Warning GnuTLS error (at worker-vpn.c:861): The TLS connection was non-properly terminated. 


9/13/2021 6:35:04 PM Warning GnuTLS error (at worker-vpn.c:861): No supported cipher suites have been found. 


Potential reasons for errors:  


o Internet bot probing your tunnel server 


o When using a Load Balancer probe like HTTPS, there may be a incompatible TLS cipher used by the probe.   You 


can change the probe to TCP/443 and what the log to see if the GnuTLS errors subside. 


 


• Tunnel logs can be viewed on the Linux server in the syslog format.  In addition to error events, these logs will contain 


client session (i.e. mst-cli server show sessions) events which are not available via the MEM Logs download.  To view log 


entries, you will need to SSH into the Linux host, and use the “journalctl -t” command followed by one or more tags that 


are specific to Microsoft Tunnel entries: 


o ocserv: Display server logs. 


o mstunnel-agent: Display agent logs. 


o mstunnel_monitor: Display monitoring task logs. 



https://sts.windows.net/YOUR_AAD_TENANT_ID%20/v2.0/.well-known/openid-configuration

https://sts.windows.net/YOUR_AAD_TENANT_ID/v2.0/.well-known/openid-configuration
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For example, to view information for only the tunnel server, run: 


sudo journalctl -t ocerv 


To view information for all three, you can run:  


sudo journalctl -t ocerv -t mstunnel-agent -t mstunnel_monitor 


You can add -f to the command to display an active and continuing view of the log file.  For example, to actively 


monitor ongoing processes for Microsoft Tunnel, run: 


sudo journalctl -t mstunnel_monitor -f 


More options for journalctl: 


o journalctl -h – Display command help for journalctl. 


o man journalctl – Display additional information. 


o man journalctl.conf  - Will display information on configuration.  For more information about journalctl, see the 


documentation for the version of Linux that you use. 


 


Using Log Analytics 
Optionally, you can make use of Azure Log Analytics to centrally collect, view and report against multiple  MS Tunnel Gateway 


servers  


The creation of the Log Analytics workspace is beyond the scope of this guide.  However you can reference online docs for 


guidance: Create a Log Analytics workspace in the Azure portal - Azure Monitor | Microsoft Docs. 


Once you have a Log Analytics Workspace, we can take the necessary steps to deploys a Log Analytics agent for Linux - Install 


Log Analytics agent on Linux computers - Azure Monitor | Microsoft Docs 


1. First, we need to SSH into our Linux host. 


2. Before we install the OMS agent, we will need to install 2 dependent packages: 


a. gdb and python3 (note: python 3 may already be installed on your RHEL84 host by default) 


Here is an example of how to install these packages: 


sudo dnf install gdb -y 


sudo dnf install python3 -y 


 


3. We will install the agent (OMS agent) for Linux using a wrapper-script hosted on GitHub.  In your Log Analytics Workspace, 


under Settings – Agents management, you can copy the wget command.  See example below: 


 



https://docs.microsoft.com/en-us/azure/azure-monitor/logs/quick-create-workspace

https://docs.microsoft.com/en-us/azure/azure-monitor/agents/agent-linux

https://docs.microsoft.com/en-us/azure/azure-monitor/agents/agent-linux
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Figure 176 - Microsoft Azure portal - Log Analytics - Microsoft Tunnel Log Collection 


 


 To install the agent run the following, replacing with your Workspace ID and Primary key… 


sudo wget https://raw.githubusercontent.com/Microsoft/OMS-Agent-for-


Linux/master/installer/scripts/onboard_agent.sh && sh onboard_agent.sh -w YOUR_WORKSPACE_ID -s 


YOUR_PRIMARY_KEY  


NOTE: Give the service time to initialize.  First time setup can take over 10 minutes before you start seeing events 


show up in you log analytics workspace.  You can also restart the OMS agent and check on its logs… 


Restart the OMS agent: 


sudo /opt/microsoft/omsagent/bin/service_control restart 


 


Check OMS Agent log: 


tail /var/opt/microsoft/omsagent/<workspace id>/log/omsagent.log 


 


4. Setup your Workspace “Agent Configuration”: be sure to at least add facility “daemon” 
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Figure 177 - Microsoft Azure portal - Log Analytics - Agent Configuration 


5. To confirm things are working you can run a simple query against your logs.  Go to your Workspace > General > Logs and 


run the following query (replacing the contains statement with your linux host name):  


 


Syslog | where computer contains “YOUR_LINUX_HOST” 


 


 


Figure 178 - Microsoft Endpoint Manager - Log Analytics - Logs - New Query 


 


If you run into issues with the installation you can reference: How to reinstall Operations Management Suite (OMS) 


Agent for Linux - Azure | Microsoft Docs 


 



https://docs.microsoft.com/en-us/troubleshoot/azure/general/reinstall-oms-agent-linux#verify-the-agent-reinstallation

https://docs.microsoft.com/en-us/troubleshoot/azure/general/reinstall-oms-agent-linux#verify-the-agent-reinstallation
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6. Modify (using nano or your favorite Linux file editor) the journalctl.conf file to forward MS Tunnel log events to syslog: 


sudo nano /etc/systemd/journald.conf 


you need to edit/modify the following line: #ForwardToSyslog=no → ForwardToSyslog=yes   


See example below: 


 


Figure 179 - GNU nano terminal 


 


Next, restart the Journald service:  


sudo systemctl restart systemd-journald 


7. Now, perform some client activity to your MS Tunnel Gateway, which will generate log events.  You can use a simple 


query (from your Workspace) to look at the log events associated with Tunnel and user logins: 


Syslog | where Computer contains "CC-MST-RHEL84-LB" and ProcessName contains "ocserv" and 


SyslogMessage contains "user" | project Computer, EventTime, ProcessName, SyslogMessage 


See example results: 
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Figure 180 - Microsoft Azure portal - Log Analytics - Query Results 


 


Additional online reference documentation for Log Analytics and Intune:  


• Route logs to Azure Monitor using Microsoft Intune | Microsoft Docs 


• Stream Azure Active Directory logs to Azure Monitor logs | Microsoft Docs 


• Install Log Analytics agent on Linux computers - Azure Monitor | Microsoft Docs 


 


 


 questions?  Please contact matt.call@microsoft.com or https://aka.ms/MSTunnelAMA  



https://docs.microsoft.com/en-us/mem/intune/fundamentals/review-logs-using-azure-monitor

https://docs.microsoft.com/en-us/azure/active-directory/reports-monitoring/howto-integrate-activity-logs-with-log-analytics

https://docs.microsoft.com/en-us/azure/azure-monitor/agents/agent-linux

mailto:matt.call@microsoft.com

https://aka.ms/MSTunnelAMA
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Tunnel Networking Overview 
 


The following diagram describes the high-level architecture of the MS Tunnel Gateway components, 


configuration/deployment actions, and authentication/connection flows:  


 


 


 


Figure 1 - MS Tunnel Gateway Architecture 


Tunnel Components: 
o A – Microsoft Intune cloud service 


o B- Azure Active Directory (AAD). 


o C – Linux server with running a Container Engine (Docker or Podman) 


o C.1 – Microsoft (MS) Tunnel Server container (mstunnel-server) 


o C.2 – MS Tunnel Agent container (mstunnel-agent) 


o C.3 – Authentication plugin – part of mstunnel-server, provides client authentication with 


AzureAD. 


o D – Public facing IP or FQDN of the Microsoft Tunnel, which can represent a load balancer. 


o E – Mobile Device Management (MDM) enrolled device. 


o F – Firewall 


o G – Internal Proxy Server (optional). 


o H – Corporate Network. 


o I – Public internet.  







Tunnel Actions: 
1. Intune administrator configures “Server configurations” and “Sites”.  Server configurations are 


associated with Sites.  When the Tunnel Server Gateway installs on the Linux host, the admin must 


select a Site that will include that server and is linked to a Server configuration.  The Management 


Agent container that installs on the Linux server is responsible for communicating with the Intune 


service to retrieve your server configuration policies, send health telemetry, error logs, and server 


and agent updates. 


 


 “Server configurations” contains: 


o IP address pool for clients – The tunnel server issues an IP address to connecting clients from 


this range.  This is a Dynamic virtual IP address that’s only visible and used by Tunnel server. 


 


o Server Port – The port the Tunnel server listens on, which is the TCP/UDP port the VPN clients 


use when they connect to Tunnel server. 


 


o DNS servers - When the client creates a VPN connection with the Tunnel, it requires a DNS 


server for name resolution of on-premises resources.  


 


For example, to resolve an on-premises resource like internal.contoso.com to the server IP 


address associated with internal.contoso.com.  


 


DNS servers can sit behind the Linux host.  proxy use cases, see the additional notes later in this 


document. 


 


o DNS search suffix- When configured, a DNS search suffix is added to DNS queries by the client-


side resolver.  


 


For example, if a suffix is configured as “corp.contoso.com,” and a command then runs to “ping 


serverName”, the resulting query pings “serverName.corp.contoso.com.” If there is no suffix 


configured, the command pings only “serverName”. 


 


o Split Tunnel rules – Include and Exclude IP address ranges that clients use, and what internal 


address ranges are explicitly allowed or denied.   


 


“Sites” contain: 


o Sites are logical groups created to apply a common Server configuration to one or more servers.  


A typical configuration is to have your sites represent your data centers or physical locations. 


 


o Public IP or FQDN - The IP address or Fully Qualified Domain Name (preferred) of the Tunnel 


server.  The TLS certificate that the Tunnel Server uses must have this detail in its Subject 


Alternative Name (SAN). 


 


o Server configuration – This is a reference/link to the “Server configuration” mentioned above. 


 







o URL for internal network access check – This is an HTTP or HTTPS URL of a location on your 


internal network. Every five minutes, each server that's assigned to this site attempts to access 


that URL to confirm that the server can access your internal network. Servers report the status 


of this check as Internal network accessibility, which you can view on the servers Health check 


tab. 


 


o Limit server upgrades for maintenance window – When set to Yes, server upgrades for this site 


can only start between the start time and end time you specify. There must be at least an hour 


between the start time and end time. When set to No, there's no maintenance window and 


upgrades can start as soon as possible depending on how Automatically upgrade servers at this 


site is configured. 


 


2. Intune administrator creates and deploys a Tunnel VPN profile and the Tunnel app to devices. 


The client VPN profile contains the following configurations.  The partial list  provided below 


highlights key settings related to networking.  For a full list of settings per platform refer to the 


online docs: Install and configure the Microsoft Tunnel VPN solution for Microsoft Intune | Microsoft 


Docs  


o Connection Type - Specify “Microsoft Tunnel” 


o Base VPN > Microsoft Tunnel Site – Specify a Tunnel “Site” (Reference Figure 1: Step 1 – Sites) 


o Per-App VPN - Enable or Not configured.  A setting of Not configured will provide a device-wide 


VPN connection. 


o Proxy: Settings for a proxy server that sits behind the Tunnel Server.  The client will use the 


specified proxy:port to access on-premises resources.  This is a forward proxy.  Proxy chaining is 


supported.  Additionally, you can perform break and inspect at the proxy if desired. 


 


Regardless of whether a forward proxy is used or not, the client must be able to perform DNS 


name resolution in order to direct its traffic to the appropriate on-premises resource (like 


webservers, application servers, and so forth). The DNS server IP address is set via the Server 


configuration, and the Tunnel Gateway host server must be able to directly contact the DNS 


servers that perform this name resolution. This can be facilitated by static routes if the Tunnel 


Gateway host server and the DNS servers are on different network segments with no routing. 


Proxy servers can provide DNS name resolution, but this is beyond the scope of Tunnel Server 


configuration. 


 


3. Device/Tunnel Client app authenticates to Azure AD. Conditional Access policies are evaluated.  If the 


device is not compliant, access to on-premises resources is denied. 


 


4. With split tunnel: 


o Exclude rules: traffic goes directly to the public internet. 


o Include rules: traffic goes to your public facing IP address for the Tunnel. 


 


5. Based on the VPN profile configuration (always-on, per-app, on-demand), a VPN tunnel is established 


to the Tunnel server when the device attempts to access a on-premises resource. For example, when 


Mobile Edge, Safari, or a LOB App is configured to use an on-premises client-server application.    


 



https://docs.microsoft.com/en-us/mem/intune/protect/microsoft-tunnel-configure#create-a-vpn-profile

https://docs.microsoft.com/en-us/mem/intune/protect/microsoft-tunnel-configure#create-a-vpn-profile





 


NOTE: MS Tunnel server maintains two connections/channels with the client. The main VPN 


channel is established over TCP, HTTP and TLS. This is the control channel as well as the backup 


data channel. After its establishment a UDP channel using DTLS (Datagram TLS) is initiated which 


serves as the main data channel. If the UDP channel fails to establish or is temporarily unavailable 


the backup channel over TCP/TLS is being used.  


 


6. The Tunnel routes traffic to your internal proxy (optional) and your corporate network.  


 


Client traffic will have the source IP address of the Linux server host.  Microsoft Tunnel Gateway uses 


port address translation (PAT).  PAT is a type of NAT where the multiple private IP addresses are 


mapped into a single public IP (many-to-one) by using ports. 


 


 


Additional authentication and authorization details: 
• Conditional Access (CA) is accomplished via the VPN client and requires use of a CA rule that targets 


the cloud app “MS Tunnel Gateway”.  Non-compliant devices won’t receive an access token from 


Azure AD and can’t access the VPN server unless they meet the grant condition for that CA rule. For 


more information about using Conditional Access with Microsoft Tunnel, see Use Conditional Access 


with the Microsoft Tunnel. 


• The Management Agent is authorized against Azure AD using Azure app ID/secret keys. 


• The Tunnel Gateway server uses PAT to provide addresses to VPN clients that connect to the 


corporate network. 


• MS Tunnel client authentication makes use of “certificate pinning”. Certificate pinning is an 


online application security technique that provides a means of thwarting man-in-the-middle 


attacks (MITM) and accepts only authorized (“pinned”) certificates for authentication of client-


server connections. Any secure connection request that utilizes certificates other than the 


pinned certificate are refused.  As a result, Tunnel does not support break and inspect functionality 


for clients.   


 


Use of firewalls, proxies, load balancers, or any technology that terminates and inspects the client 


sessions (refer to F, D, and C in Architecture diagram above) going into the Tunnel Gateway are not 


supported and will cause a client’s connections to fail.  However, you can use “break and inspect” 


technologies at the Internal proxy server (refer to G in the Architectural diagram) as long as this is 


supported by the destination server/service on the internal network (refer to H in the Architectural 


diagram). 


 
 


  



https://en.wikipedia.org/wiki/Datagram_Transport_Layer_Security

https://docs.microsoft.com/en-us/mem/intune/protect/microsoft-tunnel-conditional-access

https://docs.microsoft.com/en-us/mem/intune/protect/microsoft-tunnel-conditional-access





MS Tunnel Gateway Networking deep dive 
 


Below is a diagram of the networking taking place inside the Linux host: 


 


 


Figure 2 - Linux Host Tunnel gateway networking 


Using Figure 2 above we will look at a MS Tunnel Gateway running on a RHEL 8.4 Linux host using the 


Podman container engine to align the diagram to an actual configuration.  


1. We confirm that two containers are running on the Linux host using the cmdline: podman images 


 


2. Using RedHat’s “nmcli” (Network Manager CLI) cmdline we see the host has two ethernet interfaces and 


a bridge interface – cni-podman0: 


 


 







 


 


 


3. When we bash into (connect to) ms-tunnel-server container (podman exec -it mstunnel-server bash) we 


observe the following:  


a. Eth0 of the tunnel-server container is 10.88.0.11 


b. The ma-tun0 is a VPN client that has an established VPN tunnel with the server.  Note that for 


each client connecting to the tunnel server, a dynamic/virtual device is created with the name 


ma-tunN.  When the client disconnects the virtual device is released. 


c. The default route of the tunnel server is 10.88.0.1 – which is associated to the cni-podman0 


bridge on the host. 


 







 


Figure 3 - tunnel-server container network interfaces 


4. On the Linux host we see the bridge IP address is 10.88.0.1, which is the default route of the tunnel-


server container. 


5. In our example/setup the Linux host eth0 IP is 192.168.17.7 is an outbound/external facing IP.  The 


address for the inbound/internal facing interface – eth1 IP is 192.168.0.24. 


6. Below is the IIS log of an on-premises webserver that was used by one of the Tunnel VPN clients.  Notice 


the IP address of the GET request – 192.168.0.24 --- this is the IP address (eth1) of the Linux host. 


 


NOTE: Client traffic will have the source IP address of the Linux server host. Microsoft Tunnel Gateway 


uses port address translation (PAT). PAT is a type of network address translation (NAT) where multiple 


private IP addresses are mapped into a single public IP (many-to-one) by using ports. 


 


The MS Tunnel server container is “bridged” to the Linux host.  As a result, the Linux host network 


settings, boundaries, default routes, and static routes are used by the Tunnel server clients.   
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