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1. Introduction 

Type 2 relay definition was agreed during RAN1-58 meeting with the following text been added to TR 36.814 [1]:
A “type 2” relay node is an inband relaying node characterized by the following:

· It does not have a separate Physical Cell ID and thus would not create any new cells

· It is transparent to Rel-8 UEs; a Rel-8 UE is not aware of the presence of a type 2 relay node

· It can transmit PDSCH

· At least, it does not transmit CRS and PDCCH

Although the definition is rather generic, there are a number of transmission modes for type 2 relay [2] to allow for preliminary performance evaluation. Such performance analysis is important for technology choices. 
While the performances of Type 1 and Type 2 relays were presented by a number of companies in the past meetings [3-10], most of those contributions were either of Type 1 relay or Type 2 relay, not for both. This makes it difficult to do apple-to-apple comparison since each simulation runs on different simulation platforms and quite likely with different parameter settings. In [10], simulation study was carried out for both Type 1 and Type 2 relays, however, with the old channel models which have been changed quite extensively since RAN1-56bis. In this contribution, we present some preliminary downlink performance results of Type 1 relay and Type 2 relay using the recent pathloss models [11]. We consider that backhaul link, access link and direct link share the same frequency band, a form (maybe the most popular) of in-band relays. 
2.  Simulation study
2.1 Simulation Assumptions

Simulation settings follow the latest TR 36.814 [1] including the updated pathloss model of access link and direct link. In this contribution, Case 1 (site-to-site distance of 0.5 km) is studied which represents small cell deployment scenario, similar to ITU Urban Micro (UMi) and Urban Macro (UMa) scenarios for IMT-Advanced technology evaluation. Directional antenna is assumed for RN receiver. 10 RNs are placed in each cell and their locations are uniformly distributed, i.e., uncorrelated, without the site optimization. UEs are uniformly distributed over the network and on average there are 25 UEs in each cell. The maximum transmit power of RN is 30 dBm. The operating bandwidth is 10 MHz.
MIMO 2x2 is assumed for backhaul link transmission to take advantage of good channel condition due to the strong LOS, less shadow fading and directional receive antennas. It is noticed that in [8] MIMO 4x4 is assumed for backhaul link and in [9] even higher-order of spatial division multiple access (SDMA) 8x2 is simulated for backhaul link. In this contribution, we stick to 2x2 MIMO considering:

· Smaller space allowed for antenna installation on RN, resulting in limited spatial diversity.

· With RN site optimization, backhaul link would see more LOS component where the spatial diversity is limited, leading to MIMO rank deficiency.

· Limited chance of performing SDMA 8x2 across different RNs, given the rather irregular shape of cells and the hardly predictable RN locations in the real cell layout  

· Cross-polarized antennas can be used for 2x2 MIMO and the spatial correlation between cross-pol is less sensitive to the propagation environment, e.g., LOS vs. NLOS
In Type 1 relay simulation, no cooperative transmission is assumed between eNB and RNs, since: (1) in-band wireless backhaul has limited bandwidth for fast signaling exchange necessary for effective Inter-cell Interference coordination (ICIC); (2) backward compatibility constraint, Rel-8 UE has limited capability to support Coordinated Multiple-point Processing (CoMP). Because of the frequency reuse across donor-eNB and RNs, three sources of intra-cell interference are modeled in the simulation: (1) from donor-eNB to this RN served UEs; (2) from other RNs to this RN served UEs; (3) from RNs to macro-UEs. In general, the first source of interference (from donor-eNB) is more significant because of the much higher transmit power (which is always-on) and antenna gain of donor-eNB, compared to RN. Discontinuous transmission by RN is also another factor. In Type 2 relay simulation, cooperative transmission is assumed in the second-hop transmission. Therefore, no intra-cell interference is expected. In the simulation, only the closest RN to the UE participates in cooperative transmissions.  

By default, a Type 1 RN has its own scheduler that can be independently run regardless of the scheduler operation at eNB. However, some level of scheduling information exchange is still needed between eNB and RNs in order to maintain certain fairness across all UEs in the cell, including those served by RNs. In the simulation, we did some tuning for time resource allocation to make a good balancing between the average user throughput and 5% user throughput.

No downlink control channel is modeled in either Type 1 or Type 2 relays. There are two reasons: 

· R-PDCCH structure for Type 1 relay is still not decided and PDCCH study for Type 2 relay has not been started

· Un-resolved issue of eNB interference to PDCCH reception at UEs that are served by Type 1 RNs. The issue is also related to more difficult problem of CRS pollution between eNB and Type 1 RNs. 
CQI feedback is wideband in this contribution and no frequency-selective scheduling is implemented. HARQ is synchronous non-adaptive. FDD system is assumed. 
In Type 2 relay simulation, MCS selection of the second hop is based on CQI report of the direct link, with the outer-loop adjustment outlined in [12]. It should be noted that link adaptation can be done more tightly in TDD system for Type 2 relay. In TDD, transmit precoding is also possible for the second hop transmission where the precoding vector can be derived from the uplink SRS measurement in the access link. Such coherent transmission can further improve the user throughput in Type 2 relay.
2.2 Simulation Results 

Throughput results are compared in Table 1. In Case 1 (site-to-site distance = 0.5 km) scenario, the average cell throughput is almost unchanged when 10 Type 1 RNs of random locations are added per cell. The 5% user throughput is slightly degraded by about 13% with Type 1 relay. It is seen that Type 2 relay can improve the average cell throughput by about 36% and edge user throughput by about 27%. 
In Figure 1, we compare the user throughput CDFs between no relay and with relays. It is observed that Type 1 relay can slightly improve the data rate for medium-geometry users, at the cost of slight degradations for poor and good geometry users. In fact, the average user throughput for Type 1 RN served UEs is lower than that of donor-eNB served users. For Type 2 relay, we see significant data rate enhancement for most users. 

Table 1. Throughput comparisons (Case 1)
	
	Average cell throughput (Mbps)
	Average throughput gain
	5% user throughput (kbps)
	5% throughput gain 

	No Relay
	14.95
	-
	113
	-

	Type 1 relay
	14.71
	(1.6%) loss
	98
	(13.3%) loss

	Type 2 relay
	20.39
	36.4%
	144
	27.4%


The trend reflected from the simulation results is no very surprising, although the actual gain numbers may be affected by some assumption details and the simulation implementation. The insignificant throughput gain observed in Type 1 relay can be explained as follows. Strong interference from eNB to RN served UEs significantly limits the data rate in the access link, and shrinks the downlink coverage area of a Type 1 RN. Such interference impact is more pronounced in Case 1 where eNB and RNs are geographically crowed with aggressive frequency reuse. In short, adding more small cells (with in-band wireless backhaul) would not bring significant capacity benefit in interference limited environment. 
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Figure 1. User throughput CDFs, Case 1
It should be noted that despite the limited capability in enhancing the system capacity in interference dominant deployment, Type 1 relay could be very useful for coverage extension, e.g., in power limited scenario such as Case 3 [3] or to fill the coverage holes, where there is also less interference issue for CRS and PDCCH detection. The coverage-hole scenario often involves case-by-case channel modeling where the simulation for general system setting (as carried out in this contribution) may not accurately represent the actual environment.
The significant throughput gain observed in Type 2 relay (or more precisely of cooperative transmission mode) indicates that in interference limited environment, cooperative transmission is more effective in enhancing the system capacity. Such performance potential has already been recognized in CoMP study where multiple points at different geographical locations participate in the transmission to the same UE. 
3.  Conclusions

In this contribution, we simulated downlink performance of in-band Type 1 relay and Type 2 relay, using the latest pathloss models agreed for relay study. Case 1 was considered which represents interference limited environment. The analysis and preliminary results suggested that:

· Type 2 relay seems more attractive for system capacity enhancement when the system is interference limited. 
· Type 1 relay may be more effective in coverage extension, including larger cell size deployment or coverage holes.  
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