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1. Introduction 

At Seoul meeting, a frame work of “type II relay” was defined in [1]. Different from “type I relay” [2], “type II relay does not have a separate cell ID and thus would not create any new cell(s). And such type of relay is transparent at least for Rel. 8 UEs. One of the key motivations of introducing “type II relay” is to improve the relay systems capacity and [1] calls for proponent companies to provide evidence of performance benefit. 

In [3], some initial performance is compared between “type I relay” and “type II relay”. The preliminary results show that:

· The relative gain of “type I relay” respect to non-relay system is modest when UEs and RNs are uniformly distributed.
· The relative gain of “type II relay” is doubled respect to the relative gain of “Type I relay”. 
The first bullet finding, the modest gain of “type I relay”, is also observed in [4-5].

Note that the simulation study in [3] assumes a pathloss model for access link which is overly pessimistic. To reflect more accurately the propagation loss between relay nodes and mobiles in typical relay deployment, a new model [6] was proposed and agreed during Seoul meeting. The formula is based on measurement data and takes into account both LOS and NLOS environment. Overall, the channel attenuation is smaller than in the previous model. 

We in this contribution update the simulations using the newly agreed pathloss model for access link. The results of Case 3 are added which correspond to the large cell deployment scenario. Besides, we also investigate the gain from multi-RN cooperative transmissions. 

2.  Simulation study
2.1 New Pathloss Model for RN-UE Link

Different pathloss curves as a function of RN-UE distance are compared in Fig. 1. The blue and red curves are the updated models in TR 36.814 to be used for Case 1 and Case 3, respectively. The black curve corresponds to the previous model. It is clearly seen that within the distance of interest for relay deployment, e.g., < 50 m for Case 1, and < 200 m for Case 3, the updated models are better than the previous model by 6~20 dB. With more benign propagation model in the access link, the coverage of each RN is expected to increase. 
Also shown in Fig. 1 is a COST-231 based model with certain assumptions of RN antenna height [7]. It is about 10 dB better than the previous model in TR 36.814 and seems more accurate for the propagation environment of the RN-UE link.
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Figure 1. Comparison of RN-UE pathloss models
2.2 Simulation Assumptions
Simulation parameters follow TR 36.814. In particular, we place 10 RNs in each cell and RN locations are uniformly distributed, i.e., uncorrelated. On average, there are 25 UEs in each cell and UEs are uniformly distributed over the network. The maximum transmit power of RN is 30 dBm. 
Two receive antennas and single transmit antenna are assumed at RN. While high order MIMO, e.g., 4x4, can be used for backhaul link to improve the data rate [5], the propagation environment between eNB and RN is expected to have strong LOS component where the rank of the spatial channel may not be sufficient for the multiplexing, especially for 4x4 MIMO.   

In this simulation, the constraints on MBSFN subframes for backhaul link are ignored in “type I relay”. Note that a “type I” RN creates a new cell and thus increases the total resource of the system, which brings potential gains in cell throughput. However, it is also noted that the user throughput served by “type I relay” can be significantly lower than the average user throughput served by the donor eNB. Hence, the user throughput fairness for all users in a cell (including both donor eNB served UEs and RN served UEs) could be suffered when RN served users are too frequently scheduled, which also introduces more interference to eNB served UEs. In the simulation, we adjust the scheduling frequency between macro-UEs and relay UEs, to maintain certain fairness criteria. No cooperative cell silencing [8] is assumed for “type I” relay.
For “type II relay”, over-the-air combining is assumed. Two configurations of “type II relay” are considered: only the closest RN or multiple nearby RNs participate in cooperative transmissions with the direct link. We assume that reference signal, either CRS or DRS, is available for PDSCH demodulation. The overhead of DRS is not accounted.

2.3 Simulation Results 

The average cell throughput and 5% user throughput without relays are 11.86 Mbps and 126 kbps, respectively, for Case 1. In Case 3, the corresponding cell throughput and edge throughput are 10.92 Mbps and 102 kbps, respectively. Throughput gains are listed in Table 1. It is seen that for Case 1, “type I relay” causes slight loss in average cell throughput and moderate loss in cell edge throughput. For Case 3, “type I relay” provides slight gain in average cell throughput and significant loss in cell edge throughput. 

Table 1. Throughput gains (over-the-air combining for Type II relay) compared to without relays
	
	Cell throughput gains
	5% user throughput gains

	
	Type I
	Type II (single RN- eNB coop)
	Type II (multi RNs –eNB coop)
	Type I
	Type II (single RN- eNB coop)
	Type II (multi RNs –eNB coop)

	Case 1
	-3.7%
	19.4%
	20.2%
	-24%
	15.1%
	17.5%

	Case 3
	3.5%
	19.6%
	20.4%
	-76%
	10.8%
	14.7%


In contrast, “type II relay” can improve average throughput by about 20% in both Case 1 and Case 3. Cell edge throughput gain is about 15%~17.5% for Case 1 and 11%~15% for Case 3. The performance difference between single RN and multi-RN cooperation is not significant, except for cell edge throughput in larger cells, e.g., Case 3. 

User throughput CDFs are shown in Fig. 2 and Fig. 3 for Case 1 and Case 3, respectively. The throughput fairness is significantly improved in “type II relay”, whereas certain fairness degradation is observed in “type I relay”, especially in Case 3.
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Figure 2. Comparison of user throughput CDFs, Case 1
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Figure 3. Comparison of user throughput CDFs, Case 3
The inferior performance seen in “type I relay” is primarily due the strong interference from eNB. Fig. 4 shows the probability density function (PDF) of received power ratio between direct link and access link for RN served UEs. For “type I relay”, those UEs should see access link power no less than the direct link power. The percentages of those UEs within a cell are listed in Table 2. Each sample is a long-term measurement where fast fading is averaged out. The bin size is 4 dB. It is observed that about 75% of RN served UEs would see comparable signal power from RN and intra-cell interference power from eNB. Also note that instantaneous intra-cell interference from eNB fluctuates with fast fading, thus creating more SINR fluctuations which in general would degrade decoders’ performance.

Table 2. Percentage of UEs served by “type I” RNs
	
	Percentage of UEs served by “type I” RNs

	Case 1
	20.2%

	Case 3
	21.6%


Fig. 5 shows the power ratio PDFs of received signal of direct link vs. access link for “type II relay”. Note that here we count all UEs in the system. It is seen there are about 30% of total users that see the signal power difference between the direct link and access link is less than 5 dB. Those users are supposed to get the most benefit of “type II relay” and the corresponding throughput is between 0.1~0.8 Mbps in Figs. 2~3.
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Figure 4. Power ratio PDFs of received signals of UEs served by RNs: direct link vs. access link, Type I relay
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Figure 5. Received signal power ratio PDFs of all UEs: direct link vs. access link, Type II relay (single-RN)
5.  Conclusions

We updated simulation results of “type I relay” and “type II relay” with newly adopted pathloss model for access link. No cell or RN coordination was carried out in “type I relay”. Over-the-air combining was assumed in “type II relay” where two configurations were considered: only the closest RN or all nearby RNs to participate in the cooperative transmissions. It was shown that throughput gains of “type II relay” are significant for both Case 1 and Case 3, even with 10 uniformly distributed RN per cell with 30 dBm transmit power. The gain from multi-RN cooperation over single (closest) RN cooperation was not significant. The performance of “type I relay” was not significant and even negative in some cases, which seems to indicate that certain coordination is needed between eNB and RNs in order to boost the relay system capacity.     
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