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1
Introduction
In the previous RAN1 meetings, the LOS component was introduced into relay access link and backhaul link channel modeling. In RAN1 #57bis, it was also agreed that the eNB-UE direct link channel model shall allow LOS component, while the LOS component is zero before coming to agreement on special value of LOS probability [1]. In [2] the eNB-UE link LOS probability is proposed based on the UMa and RMa model [3].
In this contribution, three different channel model assumptions will be used to evaluate relay performance with the aim of demonstrating the sensitivity of relay performance to channel modeling.

· All NLOS model: In this model all links are assumed to be NLOS [4].

· Current mixed LOS/NLOS model: This model is provided by the current evaluation methodology, where the backhaul link and access link both have distance dependent LOS probability. The LOS probability of the direct link is zero [5].

· All mixed LOS/NLOS model: This model contains the current mixed LOS/NLOS model plus an additional distance dependent LOS probability for the directly link [2].
In [6], the relay and repeater performance was studied according to the all NLOS model. This contribution will examine the impact of LOS component on both macro-only baseline and relay system performance.
Two relaying schemes are simulated, namely the L3 Relay and Advanced L3 Relay described in [6]. L3 relays act like a regular cell with wireless inband backhaul.  The cell selection algorithm is based on highest DL received power among all macro cells and relay cells. Advanced L3 relays deploy range expansion cell-selection algorithms and cooperative silencing schemes. The simulation results in this contribution assume a simplistic cooperative silencing scheme where the macro cells remain silent for a number of subframes during each radio frame. These subframes are used for relay to UE transmissions. Since dominant interference from macro cells to UEs served by relays are effectively mitigated, a range expansion cell-selection algorithm can be used to increase the effectiveness of relay deployment.
In both L3 Relay and Advanced L3 Relay designs, we consider a two-hop design where a UE is allowed to connect to a donor cell via relay with one access link hop (UE <=> relay) and one backhaul hop (relay <=> eNB). 
2 All NLOS vs. Current Mixed LOS/NLOS Model
Table 1 lists the throughput per UE for macro-only baseline, L3 relays, and advanced L3 relays under the all NLOS model and the current mixed LOS/NLOS model.

Table 1. Throughput per UE in Kbps.

	
	All NLOS
	Current Mixed LOS/NLOS

	
	5 %
	Median
	5 %
	Median

	Macro Only 
	254
	347
	254
	347

	

	L3 Relays
	2 RNs
	257
	360
	279
	407

	
	4 RNs
	280
	374
	331
	461

	
	10 RNs
	305
	427
	451
	645

	

	Advanced L3 Relays 
	2 RNs
	279
	403
	311
	489

	
	4 RNs
	318
	493
	353
	656

	
	10 RNs
	428
	614
	558
	852


Figure 1 and 2 depict the performance gain versus the macro-only baseline using L3 relays and Advanced L3 relays under the all NLOS model and the current mixed LOS/NLOS model.
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Figure 1. Per UE median throughput gain versus the macro-only baseline.
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Figure 2. Per UE cell edge throughput gain versus the macro-only baseline.
Apparently, the throughput increase in both L3 relays and Advanced L3 relays is significant as LOS component is introduced in access and backhaul links. For L3 relays and 10 relays per cell, the median UE throughput gain versus the macro-only case increases from 23% to 86%, and for Advanced L3 relays, the improvement increases from 77% to 146%.

Two major factors contribute to such a gain:

1. The current mixed LOS/NLOS model reduces the backhaul link pathloss. Together with the SINR gain from site planning, the backhaul link enjoys very high spectral efficiency.

2. The current mixed LOS/NLOS model also reduces the access link pathloss, which allows more UEs to be served by relays and enable them to leverage the superior backhaul spectral efficiency of relays.

However, the large gains obtained from the current mixed LOS/NLOS model can be misleading, because the averaging of the LOS and NLOS pathloss in the current model is inaccurate. Further enhancement of the path loss model could be the separation of LOS and NLOS components, which is more realistic and enables more accurate fast fading modelling [7]. Furthermore, the NLOS model of the direct link leads to the under-estimation of the interference from macro cells to relay UEs.
3 LOS Component of Direct Link
In RAN1 #57bit it was agreed that the eNB-UE direct link channel model shall allow LOS component [1]. In [2] the eNB-UE link LOS probability was proposed based on the UMa and RMa model [3].

Table 2. Throughput per UE in Kbps.
	
	Current Mixed LOS/NLOS
	All  Mixed LOS/NLOS

	
	5 %
	Median
	5 %
	Median

	Macro Only 
	254
	347
	288
	378

	

	L3 Relays
	2 RNs
	279
	407
	306
	439

	
	4 RNs
	331
	461
	337
	482

	
	10 RNs
	451
	645
	450
	641

	

	Advanced L3 Relays 
	2 RNs
	311
	489
	327
	508

	
	4 RNs
	353
	656
	370
	679

	
	10 RNs
	558
	852
	569
	858


Table 2 includes the macro-only system throughput under the current mixed LOS/NLOS model and the all mixed LOS/NLOS model. It can be seen that the macro-only baseline performance improves by 9% due to the non-zero LOS probability of the direct link.
Introducing  LOS probability in the direct link also impacts system performance with relays. This is because 1) the serving cell selection outcome may be different due to stronger macro signal, and 2) the performance of UEs served directly by the macro cell is improved. The change in system performance, however, is not substantial, especially at high relay density.
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Figure 3. Per UE median throughput gain versus the macro-only baseline.
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Figure 4. Per UE cell edge throughput gain versus the macro-only baseline.

Figure 3 and 4 show that compared to the current mixed LOS/NLOS model,  the performance gain versus the macro-only baseline reduces when the all mixed LOS/NLOS model is used. This is primarily a result of the improvement of the baseline. For example, the L3 relay performance with 10 relays/cell only changes from 645 Kbps to 641 Kbps while the baseline has increased from 347 Kbps to 378 Kbps. Despite the smaller gains, the results from the all mixed LOS/NLOS model is more meaningful due to the consistent assumptions on all links.
4
Summary 

In this contribution we investigated the system performance impact of relay channel modelling. It was found that the relay performance is sensitive to LOS and NLOS modelling in the channel model. 

Compared to the all NLOS model, substantially higher system performance gains were found under the current mixed LOS/NLOS model for L3 relays and Advanced L3 relays. But the large gains obtained from the new model can be misleading due to the limited accuracy of the model. Further enhancement of the path loss model could be the separation of LOS and NLOS components, which is more realistic and enables more accurate fast fading modelling [7]. 

The impact of the LOS component in the direct link was also studied. The system throughput difference was found to be small, but the modelling of the LOS component in the direct link improves the consistency of the overall channel model. 
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