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1. Introduction 

It is well known that backhaul link performance plays a very important role in the overall system capacity of decode-and-forward type of in-band relays. Backhaul link performance depends on two factors:

· Channel quality between eNB and relay node (RN), which includes long-term statistics such as pathloss and shadowing, and short-term fading. 

· Antenna configuration, e.g., how many transmit and receive antennas at eNB and RN, the antenna spacing, the antenna techniques, e.g., MIMO, precoding, beamforming, etc. 
In [1], significant performance improvement was shown for type II relay with the assumption of 1x2 SIMO backhaul. So naturally it would be interesting to see the performance gain with MIMO backhaul link. In [2], MIMO backhaul link was assumed in the system performance evaluation of type I relay where the number of receive antennas and transmit antennas at RN can be up to 4, corresponding to 4x4 MIMO backhaul link and 4x2 MIMO access link. 
While increasing the number of antennas at RN in general would improve the relay system capacity, there are certain limitations for high order MIMO implementation in backhaul link:

· Antenna together with the corresponding RF components is expensive. The antenna cost for RN is a more serious issue compared to marco-eNB.
· Smaller space anticipated for antenna installation on RN, so limited spatial diversity would be obtained
· With RN site optimization, backhaul link would see more LOS component where the channel spatial diversity is limited, resulting in MIMO rank deficiency.
Nevertheless, 2x2 MIMO backhaul still seems feasible as it can be implemented as cross-polarized antennas whose spatial correlation is less sensitive to the propagation environment, e.g., LOS vs. NLOS. So in this contribution we study the performance of type II relay where the backhaul link antenna configuration is MIMO 2x2.
2.  Simulation study
2.1 Simulation Assumptions
Simulation settings follow the latest TR 36.814 [3] including the updated pathloss model of access link [4]. 10 RNs are placed in each cell whose locations are uniformly distributed, i.e., uncorrelated. 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. 
Two receive antennas and single transmit antenna are assumed at RN. The backhaul link transmission is 2x2 MIMO, whereas the access link as well as the direct link is still 1x2 SIMO.   

Only the closest RN participates in cooperative transmissions in the second hop. CRS is not assumed to be transmitted from RN and MCS selection is based on CQI report of direct link, with the outer-loop adjustment outlined in [5]. CQI feedback is wideband and the scheduling is not frequency selective.
2.3 Simulation Results 

Without relay, for Case 1, the average cell throughput and 5% user throughput are 12.82 Mbps and 131 kbps, respectively, for Case 1. For Case 3, the average cell throughput and edge throughput are 11.63 Mbps and 110 kbps, respectively. Table 1 shows the throughput gains of type II relay with 2x2 MIMO backhaul. 
Table 1. Throughput gains of Type II relay with 2x2 MIMO backhaul
	
	Cell throughput gains
	5% edge throughput gains

	Case 1
	51%
	7.6%

	Case 3
	54%
	10%


The average throughput is increased by about 51~54% in Case 1 and Case 3. Cell edge throughput gain is about 7.6%~10%. User throughput CDFs are shown in Fig. 1 and Fig. 2 for Case 1 and Case 3, respectively. It is observed that medium geometry users get significant benefit from type II relay. Those medium geometry users have more chance of seeing comparable signal strength in direct link and access link where type II relay cooperative transmission is most desired. The much better backhaul capacity compared to 1x2 case significantly raises the cap on the overall link data rate after two hops.  
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Figure 1. User throughput CDFs, Case 1
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Figure 2. User throughput CDFs, Case 3
5.  Conclusions

We updated simulation results of type II relay with backhaul link configured as 2x2 MIMO. Over-the-air combining was assumed and only the closest RN participated in the cooperative transmissions. Out-loop control was implemented to compensate the insufficient link adaptation due to lack of CQI information for the access link. It was shown that average cell throughput gains of type II relay are about 51~54% for both Case 1 and Case 3, even with 10 uniformly distributed RN per cell with 30 dBm transmit power.     
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