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Introduction
The subject of channel modeling for relay deployments has been discussed extensively in the past few RAN1 meetings, and these discussions have resulted in several revisions to the access, backhaul and direct link channel models used for relay deployments. In [1], we investigated the system performance impact of relay channel modelling. It was found that the relay performance is quite sensitive to LOS and NLOS modelling in the channel model. Advanced relays however, provide substantial performance benefits for all considered cases. 

In [2], a new Suburban model for Case 3 is introduced in addition to the existing Rural/Suburban model. In this contribution, the system performance under the following channel models for Case 3 macro-cell layout will be evaluated:

· Rural/Suburban

· Suburban

We also show performance under the Case 1 macro-cell layout from the current evaluation methodology [3] as well as the All-NLOS model that was in the original evaluation methodology [6].
Two relaying schemes are simulated, namely the basic type I relay and advanced type I relay described in [4]. In case of basic type I relays, 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 serve UEs that need range expansion. 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 basic 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 Numerical Results
Table I and Table II below show the tail and median UE throughput in relay deployments using the different channel models mentioned in the previous section, while Figure 1 illustrates the results. Both, tables and figures show the increase in throughput obtained by deploying relays in a macro-only deployment.

The basic L3 relay simulation results shown here assume that the relay node can transmit data in any subframe in which it is not scheduled on the backhaul. This is a somewhat optimistic assumption since in practice the access-backhaul partitioning for any given relay will have to be determined in a semi-static manner. 

The advanced L3 relay simulation results use subframe partitioning between resources allocated to access and backhaul links. In particular, some of the subframes are used by relay nodes to serve relay UEs, while the remaining subframes are used by the macro to serve both relays as well as macro UEs. The macro cells do not transmit in subframes used by relays to serve relay UEs that need range expansion. This partitioning ensures that relay UEs do not see interference from high-powered macro signals. Relay UEs that are located quite close to the relay are scheduled even in the presence of macro transmissions.
The number of subframes reserved for relays to schedule UEs that need range expansion differs depending on the number of range expansion UEs. In our simulations, three range expansion subframes per radio frame are used when simulating Case 1 with the All-NLOS model. Two range expansion subframes are used when simulating Case 1 with pathloss model containing LOS modeling. One range expansion subframe is used for Case 3 studies.

Table I: Throughput per UE in kbps for two Case 1 layouts. Numbers in Parentheses represent gain w.r.t. macro-only deployment.

	
	case 1: All NLOS
	Case 1: LOS modeling on all links

	
	5% Tail
	Median
	5% Tail
	Median

	Macro Only 
	254
	347
	299
	409

	

	L3 Relays
	2 RNs
	257 (1%)
	360 (4%)
	335 (12%)
	475 (16%)

	
	4 RNs
	280 (10%)
	374 (8%)
	374 (25%)
	538 (32%)

	
	10 RNs
	305 (20%)
	427 (23%)
	451 (51%)
	661 (62%)

	

	Advanced L3 Relays 
	2 RNs
	279 (10%)
	403 (16%)
	325 (9%)
	491 (20%)

	
	4 RNs
	318 (25%)
	493 (42%)
	386 (29%)
	624 (53%)

	
	10 RNs
	428 (69%)
	614 (77%)
	511 (71%)
	771 (89%)


Table II: Throughput per UE in kbps for two Case 3 layouts [2]. Numbers in Parentheses represent gain w.r.t. macro-only deployment.

	
	case 3: Rural/suburban
	case 3: suburban



	
	5% Tail
	Median
	5% Tail
	Median

	Macro Only 
	341
	457
	0
	350

	

	L3 Relays
	2 RNs
	347 (2%)
	488 (7%)
	264 (-%)
	431 (23%)

	
	4 RNs
	371 (9%)
	532 (16%)
	316 (-%)
	508 (45%)

	
	10 RNs
	434 (27%)
	604 (32%)
	472 (-%)
	720 (106%)

	

	Advanced L3 Relays 
	2 RNs
	331 (-3%)
	494 (8%)
	240 (-%)
	408 (17%)

	
	4 RNs
	367 (8%)
	560 (23%)
	287 (-%)
	502 (43%)

	
	10 RNs
	454 (33%)
	713 (56%)
	406 (-%)
	728 (108%)
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Figure 1: Per UE median throughput gain w.r.t. the macro-only baseline.
We can make the following observations from the above results:
1) For Case 3, basic L3 relay and advanced L3 relay offer similar performance enhancement w.r.t. the macro-only baseline. This is because compared to Case 1, in a large cell UEs served by relays experience less interference from the macro cells. There is also less inter-relay interference due to larger relay-to-relay distance. As a result, relay coverage areas are relatively isolated, allowing basic L3 relays to achieve significant performance enhancement without interference mitigation techniques used in advanced L3 relays. 

2) We have discussed in [1] that under Case 1 layout, the performance in relay deployments is much more sensitive to channel modeling assumptions than is seen in the macro-only case. However, under the Case 3 layout, the macro-only performance is more sensitive to channel modelling. For example, the macro-only median UE throughput reduces from 457 kbps to 350 kbps when the channel model changes from Rural/Suburban to Suburban. The relay performance is relatively stable between the two models. This can be attributed to the relatively isolated relay coverage areas and identical relay access link channel modeling for both Rural/Suburban and Suburban models.
3) Under the Suburban model, the 5 percentile UE throughput is zero in macro-only deployment, implying that more than 5% of UEs are in outage. Basic L3 relays and advanced L3 relays are able to help reduce the number of UEs in outage to well below 5%.
4) Advanced L3 relays offer consistent performance enhancement in both Case 1 and Case 3 layouts and under different channel models. Basic L3 relays offer similar performance enhancement as advanced L3 relays in Case 3, but are much less effective in Case 1, where the interference condition is more complex.
3
Summary 

In this contribution we investigated the relay system performance for both Case 1 and Case 3 and under different channel models. We have found that both basic L3 relays and advanced L3 relays offer similar performance gain in Case 3 layout as a result of more isolated relay coverage areas in large cells.
Overall, we have shown in this contribution that advanced L3 relays provide more consistence performance benefits as compared to basic L3 relays. The gain is especially significant in Case 1.
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