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1 Introduction
Relaying is being examined as part to the LTE-Advanced study item as a technology to enhance coverage and capacity and offer more flexible deployment options to fulfill the requirements [1]. 
The discussion on channel models has been running for several meetings now, in particular during the RAN1#58 meeting several changes have been agreed [3]. In this contribution we want to show how the agreed changes impact the performance in both eNB-only and RN deployment compared to what was the agreement before the meeting [2].

2 Updates agreed in RAN1#58

The following updates have been agreed during the RAN1#58 meeting:
· eNB-UE channel model

· LOS path loss has been introduced and a new NLOS path loss has substituted the traditional 3GPP eNB-UE path loss model [4]
· LOS probability has been introduced, UMa LOS probability for 3GPP Case 1 and RMa LOS probability for 3GPP Case 3 [5] 

· eNB-RN channel model

· LOS probabilities for 3GPP Case 1 and Case 3 have been updated accounting that the RN is 5m height and not only 1.5m (UE height) [6]
· new LOS probability in case of relay site planning [7]
· All channel models (eNB-UE, eNB-RN and RN-UE)
· use the traditional probabilistic path loss model instead of the weighted average between LOS and NLOS path loss
In section 4 we show how these changes have impacted the performance of RN deployment both in terms of absolute performance and in comparison with respect to the performance of eNB-only deployment. 
3 Simulation setup

The simulated network is represented by a regular hexagonal cellular layout with 19 tri-sectored sites and RNs deployed regularly at the sector border. Considering the access channel model in [2], the sector border can be covered with 5 RNs. Simulation parameters follow the current settings in [2]. Since we are interested in the coverage limited scenario we have investigated the case where a single randomly located user in the area is active. This is representative for a lightly loaded network as well. The shadow fading is considered assuming 30dB penalty on each link that corresponds to the worst scenario for coverage.
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Figure 1: Relays deployment according to the channel models in TR36.814v1.3.0.

4 Performance of relay deployment
In Figure 2 the eNB-only and RN deployments are compared for 3GPP Case 1 assuming both the new (R1-093726) and the previous (TR36.814 v1.3.0) channel models.
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Figure 2:  Performance comparison between the new channel models (dashed line) and the previous channel models (solid line) for Case 1.
In eNB-only deployment the better eNB-UE link improves the performance only for the good UEs while the worse UEs (at the sector border) continue to experience NLOS because the probability of LOS is 6-7% at the distance from the eNB where RNs are expected to be deployed, hence applying the probabilistic path loss model almost all of them experience NLOS.   

In RN deployment the worse UEs that in eNB-only deployment experience NLOS are now connected via RN where the better backhaul link due to LOS probability improves their performance, therefore the performance of all UEs in RN deployment is improved and not only the UEs close to the eNB.
For 3GPP Case 1 the new channel models (R1-093726) show 56% throughput increase at 10%-ile for RN deployment compared to eNB-only, while with the previous channel models (TR36.814 v1.3.0) the increase is only 48%; therefore the relative performance in terms of coverage for RN deployment compared to eNB-only is improved. On the contrary the performance in terms of capacity is decreased, the increase at 20%-ile and 40%-ile are respectively 43% and 9% with the new channel models but they are higher with the previous models, 48% and 30% respectively. Results are summarized in Table 1.
Table 1: Performance ratio between RN and eNB-only deployment assuming the new (R1-093726) and the previous channel models (TR36.814 v1.3.0).
	Channel models
	RN gain at 10%-ile 
	RN gain at 20%-ile 
	RN gain at 40%-ile

	TR36.814 v1.3.0
	 1.48 
	 1.48 
	 1.30 

	R1-093726
	1.56 
	1.43 
	1.09 


In Figure 3 the eNB-only and RN deployments are compared for 3GPP Case 3 assuming both the new (R1-093726) and the previous (TR36.814 v1.3.0) channel models.
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Figure 3:  Performance comparison between the new channel models (dashed line) and the previous channel models (solid line) for Case 3.
For 3GPP Case 3 we observe the same phenomena as for Case 1. For low percentile (below 15%-ile) the new channel models (R1-093726) do not improve the performance for eNB-only deployment, while improving the performance for RN deployment. Therefore the new channel models show higher cell edge throughput and consequently higher performance in terms of coverage. The new channel models show even worse performance for eNB-only deployment compared to the previous models because the new NLOS path loss used for the eNB-UE channel model (eNB-UE NLOS measured) is higher than the traditional 3GPP eNB-UE path loss model, as shown in the following figure which is taken from [4]. 
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Figure 4: Path loss comparison.

On the contrary, the performance increase in terms of capacity is significantly lower with the new channel models compared to the previous ones. We can observe that already at 50%-ile the RN deployment and eNB-only deployments show similar performance, while with the previous models it happens only above 95%-ile. Results are summarized in Table 2.

Table 2: Performance ratio between RN and eNB-only deployment assuming the new (R1-093726) and the previous channel models (TR36.814 v1.3.0).
	Channel models
	RN gain at 10%-ile
	RN gain at 50%-ile
	RN gain at 90%-ile

	TR36.814 v1.3.0
	 2.38 
	4.7 
	2.11

	R1-093726
	 14.98
	 1
	1


5 Conclusions

In this contribution we compare the performance of RN and the eNB-only deployments both with the new channel models agreed in RAN1#58bis [3] and the previous ones [2]. Assuming the new channel models the comparison shows an increase of performance for RN deployment in terms of cell edge throughput improvement (and coverage) but a decrease in terms of capacity. In particular for 3GPP Case 3 the capacity enhancement provided by RN deployment is almost negligible. This is due to the assumption that 3GPP Case 3 corresponds to the ITU Suburban scenario for the RN-UE link but corresponds to the ITU RMa scenario for the eNB-UE link. This implies a very high LOS probability (almost 40%) at the sector border. With this assumption the UEs at the sector border experience already a rather good throughput when connected to the eNB and then there is no point in deploying RNs because they cannot improve the throughput significantly due to the resources consumed on the backhaul link. In other words, when such a high LOS probability for the eNB-UE link is assumed, there is no need to deploy RNs at all.  
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