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1. Introduction 
A number of types of relay and relaying schemes have been proposed for LTE-Advanced (e.g. [1]). 

In this contribution we consider a typical relaying scenario, in which an eNodeB controls three cells on a single site, each of which contains a relay node (RN) to extend coverage. The extended coverage area of the site is surrounded by interfering cells. The scenario is illustrated schematically in Figure 1. 
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Figure 1: Relaying scenario
2. Evaluation
The initial results are designed to establish an upper bound on the improvement achievable by means of the relay nodes. We first assume that the link between the donor eNB and the RN is reliable, as would be the case with a full “layer 3” relay which operates decode-and-forward (DAF), with HARQ and ARQ across the eNB-RN link. Any errors are therefore introduced only in the links received directly by the UEs. We also consider the case when amplify-and-forward (AAF) is used, with the link between the donor eNB and the RN being generated using the SCM.
The UEs are randomly dropped into the coverage area of the eNodeB with a uniform distribution, and they each select the best serving node, which may be a cell of the donor eNB or a RN, by means of a CQI-type measurement averaged over a duration of 10 subframes. 
A greedy node-selection method is used, whereby the users with the highest rates are assigned their nodes first. Other users may have to make do with a sub-optimal serving cell if their best cell has already been assigned to a predetermined number of users.
In these simulations, the predetermined number of users is set to 1 and the total number of users per site is 3, so that all users can be scheduled with the whole bandwidth in all subframes, and there is no further scheduling diversity gain after node selection has been performed. 
The other simulation assumptions are as follows:
	Carrier frequency

	2 GHz

	Fast fading model
	SCM

	Scenario
	Urban micro

	Path loss exponent

	4

	Standard Deviation of the shadowing
	8 dB

	Number of eNodeB sites

	19 (1site for traffic, 18 sites for interference modelling)

	Inter-site distance

	2 km

	Transmit power at the eNodeB

	43 dBm

	Number of cells per eNodeB
	3

	Number of antennas per cell
(sector)
	1

	3dB beamwidth of each transmit antenna at the eNodeB
	70 degrees

	Front-to-back ratio at the eNodeB
	20dB

	Thermal noise

	-174dBm/Hz

	System bandwidth
	24 resource blocks

	Total number of subframes

	1000

	Total number of UEs
per site
	3

	Number of Rx antennas at UE
	1

	Channel estimation at UE
	Ideal

	UE speed
	3km/h


3. Simulation results
Figure 2 and Figure 3 show the per-user throughput CDF for the following three cases:

1. S-D: Corresponds to the case without RNs, where the node selection is performed only between the cells of the donor eNB. 

2. S-R-D: Corresponds to the case with RNs, where each UE selects either a cell of the donor eNB or a RN as its serving node. The UEs receive only the downlink from the selected serving node. 
3. Cooperation: Corresponds to a case when the UEs may receive two downlink transmissions and perform MRC between them. The best RN is selected first. The UE may then combine the signal received directly from the donor cell serving that RN with the signal received from the RN . Here we assume that the signal is forwarded from the RN after a short time delay, sufficient for the necessary processing. 

Figure 2 uses decode-and-forward (DAF) scheme (“layer 3” relay), while Figure 3 considers an amplify-and-forward (AAF) scheme (“layer 1” relay).
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Figure 2: CDF of per user throughput for three relaying scenarios using DAF
It can be seen from Figure 2 that a significant improvement in the user throughput is achieved by means of the RNs using DAF scheme. 

In the cases when a UE selects a RN as the best node, the benefit gained from further combining the transmission received from the RN with the transmission from the donor eNB is significant, under the assumption of ideal MRC as used here. 
[image: image3.emf]0 1 2 3 4 5 6

0

10

20

30

40

50

60

70

80

90

100

User throughput (bps/Hz)

CDF percentage %

 

 

SD

SRD

Cooperation


Figure 3: CDF of per user throughput for three relaying scenarios using AAF
It can be seen from Figure 3 that less improvement in the user throughput is achieved by means of the RNs using AAF scheme. In comparison with Figure 2, it seems that DAF is a better choice, provided that latency is not a problem.
4. Conclusions

Initial evaluation shows the benefit in per user throughput of introducing relay nodes. 

Better performance is obtainable by means of decode-and-forward Layer 3 relays than amplify-and-forward Layer 1 relays. 

Significant further benefit can be achieved from cooperative combining between the relay node transmissions and those of the donor eNB.  
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