1. The output from a receiver contains the following series of values when digitised with an 8-bit digitiser:

	n
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	x
	62
	68
	65
	255
	66
	68
	97
	106
	101
	104



(a) What would the output be from passing this sequence through a moving average filter of window size 3 (3rd order moving average filter)?
(35%)

(b) What would the output be from passing the same input stream through a median filter of window size 3?
(35%)

(c) Explain the effect of  increasing the window size for windowed filters on
 
(i) noise reduction; 
(10%)
(ii) delay (latency); and
(10%)
(iii) detecting step transitions in the input data stream  (e.g. “1/0” or “0/1” symbol changes in digital data).
(10%)

Total:  100%
1 (a) – eight correct calculations required
x(0) – unchanged, 62
x(1) – unchanged, 68
x(2) – (62 +68+65)/3 = 65
x(3) – (68+65+255)/3 = 129
x(4) – (65+255+66)/3 = 129
x(5) – (255+66+68)/3 = 130
x(6) – (66+68+97)/3 = 77
x(7) – (68+97+106)/3 = 90
x(8) – (97+106+101)/3 = 101
x(9) – (106+101+104)/3 =104
1 (b) – eight correct calculations required
x(0) – unchanged, 62
x(1) – unchanged, 68
x(2) – med(62 ,68,65) = 65
x(3) – med (68,65,255) = 68
x(4) – med (65,255,66) = 66
x(5) – med (255,66,68) = 68
x(6) – med (66,68,97) = 68
x(7) – med (68,97,106) = 97
x(8) – med (97,106,101) = 101
x(9) – med (106,101,104) =104

1 (c)  Any reasonable discussion, two main points for each part, e.g.:
(i) Noise necessarily appears “randomly”.  Provided its occurrence within the signal is affects less than half the samples in the window, the median filter will remove the noise.  A moving average filter smooths the signal more with the increase in window size.
(ii) The minimum delay for any windowed filter is determined by the size of the window (the number of samples required to “fill” the filter).  In practice, for a window size of N the delay will be N-1 sample periods.
(iii) Increasing the window size increases the smoothing effect for moving average filters, making the transition less sharp or “steep”.  This can adversely affect edge detection.  The same effect does not occur with median filters, but they can produce false positives on slowly changing edge signals.


2. 
(a) Explain the operation of cyclic redundancy checks (CRCs) and comment on their effect on the transmitted information. 
(25%)

(b) A system proposes to transmit a data word 11001 using the CRC generator polynomial G(x) = x3 + x2 +1.

Using the frame to be transmitted, M(x), the generator or divisor, G(x), and the remainder, R(x), calculate the transmitted codeword, and prove that it would be correctly decoded at the receiver if it were using the same CRC generator G(x).
(50%)

(c) Explain the uses of go-back-n and selective repeat in ARQ processes with logical link control (LLC) protocols.
(25%)
Total:  100%

2 (a)  Any reasonable description, five main points:  
Operation:
· Divide payload data by known binary sequence
· Remainder is attached to payload in FCS
· Adding the FCS results in a total sequence exactly divisible by the CRC sequence
· An n bit FCS will detect up to n bit errors within a data block
Commentary:
· Part of larger EDC family known as Cyclic block coding 
· More reliable than parity checking alone
· Adds redundant information to the transmitted data
· Improves ability to detect and correct errors at the receiver
· Increases the time to transmit the data or increases the bandwidth requirement

2 (b) – calculation and 0 remainder on received check:
Transmit data 11001 with CRC polynomial G(x) = x3 + x2 +1 
Data to transmit 11001	M(x) = x4+x3+1
Generator polynomial x3 + x2 +1 is 3rd degree
Multiply M(x) by x3 and divide by G(x):
x7+x6+x3 / x3+x2+1 =  x4+x, remainder x
We transmit the shifted data plus remainder.
Transmission is, therefore:   x7+x6+x3+x
The transmitted codeword is:  11001010

At the receiver, decoding is checked by dividing the received codeword by the generator polynomial:
x7+x6+x3+x/ x3 + x2 +1 = x4+x with 0 remainder, confirming correct reception.

2 (c)  Any reasonable description, five main points including basics of go-back-n and selective repeat:
LLC ARQ Methodology
A frame error is detected by the failed CRC check
The frame is discarded and not passed to upper protocol layers
An Automatic Repeat Request (ARQ) is generated
This requests retransmission of a frame or the sequence of frames after the one in which the errors were detected
Two types of multiple frame protocol:
· Multiple frames – Go-back-N based protocol uses the frame sequence number for a missing frame and retransmits all frames in the sequence window from that point onwards
· [bookmark: _GoBack]Selective repeat – uses the frame sequence number for the missing frame to request retransmission of that frame alone.  The protocol requires the receiving station to buffer unacknowledged good frames while retransmission occurs.


3. 

(a)  Cellular mobile communication systems such as 3G telecommunication networks replace single high output masts with multiple local lower power antennas.  

Explain the benefits this approach introduces in terms of use of the radio spectrum, and the techniques used to support them.

(30%)

(b) Base stations in 3G networks are controlled by Radio Network Controllers, which permit roving devices to maintain connection traversing across cells.  Explain how handoff (handover) occurs and the methods commonly employed to support it.
(30%)

(c) Differentiate between the time division multiple access (TDMA) and code division multiple access (CDMA) approaches to multiplexing signals on a single carrier frequency.
(40%)
Total:  100%

3(a) Any sensible description of the basic issues, good answers will cover the main points (looking for six main points):
e.g.  Increased numbers of users/bandwidth, limiting interference
A single powerful transmitter is replaced by many low power transmitters resolves a number of problems.  In any radio-based system, the number of available frequencies (channels) is limited because of intensive use of the spectrum.  Large cells, the use of one large antenna, means very small numbers of potential users or very limited bandwidth.  
Frequency reuse is the principal amelioration, which requires sufficient distance (space diversity) between transmitters using the same frequencies (as shown in the hexagonal cellular repeat patter below).  In each cell, each base station handles a number of channels, so many cells means many users and/or high bandwidth.  The choice of transmission frequencies makes good use of atmospheric absorption to avoid interference between cells using the same frequencies.  For example, the widely used 2.45GHz signal is in the middle of the water absorption band.
Other areas for discussion might include channel allocation, and the use of dynamic channel allocation to maximise channel utilisation and support heavy loadings in particular cells.





Cell Frequency ReuseF1
F2
F0
F6
F5
F4
F3
F6
F5
F4
F0
F1











3 (b) Handoff (any reasonable description, e.g.), six main points:
If a mobile moves from one cell into another cell whilst a data transfer is in progress the radio network controller (RNC) transfers the packets to a channel belonging to the new base station (BS)
This requires identification of the new base station, and the data and control signals for the ongoing transmission are allocated to channels at the new base station.
Handoffs must be successful, infrequent and imperceptible to the users.
System designers specify a signal level at which a handoff is initiated.  A slightly stronger signal level is used as a threshold at which a handoff is made, to ensure the difference in the levels is such that no unnecessary handoffs take place.  To prevent a momentary fade drop in the signal level being misinterpreted as a departure, the base station monitors the signal level for a period of time.
There are two types of handover:
In hard handoff, communication is suspended by the original base station when the mobile device moves on to another base station;
In soft handoff, the same signal is sent from both base stations to the mobile device, except for the power control commands



3 (c) TDMA (four main points; good answers will include the concept of slots, and slot allocation as an alternative to frequency allocation)
Code
Frequency
Time
Channel 1
Channel 2
Channel 3
Channel N
Time Slots














CDMA (again, four main points; good answers will give some detail on DSSS and FHSS and show clear understanding of PRBN sequencing as a key feature):
If different spread spectrum stations are transmitting within the same frequency band but different spreading codes, it is possible to ‘tune’ into a particular spreading code and ignore others.  This provides a multiple access scheme known as code division multiple access. 
There are two principal spread spectrum approaches, Frequency Hopping Spread Spectrum (FHSS) and Direct Sequence Spread Spectrum (DSSS).
In frequency hopped spread spectrum, the transmission is made on a part of the band chosen according to the spreading sequence.  Reception is based on knowing the expected carrier frequency of the next part of the transmission.
In direct sequence spread spectrum, the pseudo-random number generator creates a random binary stream at a higher data rate than the digital signal.  This is then multiplied with the signal wave to create a higher data rate signal.
In all CDMA schema, each transmitter is effectively a noise source for those around it.  In order to avoid interference between channels, spreading codes need to be ‘orthogonal’ (i.e. not interfere with each other because they do not follow the same sequence). 
Alternatively, tabulation is fine:
	TDMA
	CDMA

	Channels separated  by timing.  Channels identified by time location or time slot within an overall repeat sequence
	Channels separated by the use of different orthogonal spreading codes

	Co-channel interference avoided; only occurs between cells
	Spreading code selection means each channel is effectively a random noise source for the others in the same cell

	User bandwidth determined by duration of time slot
	User bandwidth set by spreading sequence rate (chipping rate)

	Can aggregate channels simply to increase bandwidth
	Increasing bandwidth requires use of multiple channel codes





Question 4

1. 
Find the spectrum of the sequence  by using the discrete Fourier transform (DFT).
(100%)

The equation for the DFT is (since N=4)





8%

Solving when m=0







12%

Solving when m=1

















24%



Solving when m=2













24%

Solving when m=3
















24%

The magnitude of the unadjusted spectrum is therefore given by:



8%

TOTAL= 100%
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