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1. Introduction

To meet the performance requirement with moderate feedback overhead, PMI type feedback is agreed to be used for Rel-10 SU-MIMO. In general, a PMI is selected for a precoder which gives the best performance in SU-MIMO. However, with MU-MIMO, we would need to feedback more information. The feedback for MU-MIMO would generally enable an eNB ; 

1. to select / form precoder for the co-scheduled UEs, and
2. to select UEs which would generate the minimum or tolerable MAI. 

When the feedback is designed for the first item above, heavier overhead may be required. With the assumption that the same PMI feedback scheme could be applied for both SU/MU-MIMO, BCI reporting and UE paring have shown remarkable performance gain over Rel-8 MU-MIMO in some scenarios[1]. In this contribution, we further evaluate the performance of BCI reporting and UE selection in various scenarios. 
2. MU-MIMO scenario 
MU-MIMO would be used in a rather heavily loaded cell and may be served only to UEs having low mobility. In MU-MIMO mode, maximum 4 UEs will share the same resource by spatial division, and UEs will not be allowed to get more then 2 layers. Thus, for a UE, there would be inter-layer interference along with interferences from other layers assigned to other UEs. In particular, with small antenna spacing at an eNB, each UE will observe low rank downlink channel, and there would be multiple access interference if some of those layers are allocated to the other co-scheduled UEs. In this scenario, however, MAI avoidance would not require complicated scheduling or dedicated precoding. On the other hand, with large antenna spacing at an eNB, multiple layers or high rank channel will be observed at a UE. In MU-MIMO mode, an eNB will allocate only one or two layers to each UE, and each UE would observe multiple layers causing multiple access interference.
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Fig 1. MAI in highly correlated transmit antenna 
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Fig 2. MAI in sparsely correlated transmit antenna 

3. Rules of BCI 
The performance of MU-MIMO based on BCI reporting is well evaluated for the case where 2 Rx antennas are used and a UE reports PMI with rank 1 or 2 [1]. In this case, by observing PMI and BCI reported from other UEs, an eNB can select a pair of UEs which would generate the least MAI to each other, and performance gain can be achieved. In our investigation, we extend the use of BCI reporting to other general scenarios where up to 4 UEs can be co-scheduled and each UE will report PMI with ranks higher than 2. Here, at UE, after selection of PMI, if the rank of PMI is not higher than 2, this UE selects BCI in the same way introduced by [1]. But if the rank of PMI is higher than 2, this UE assumes that rank 2 PMI will be used in MU-MIMO mode and selects BCI based on this assumption. We call this algorithm a ‘rank reduction’ and rank reduction will achieve slightly less precoding gain than selecting the full optimum rank precoders. When a codebook has a nested property as Rel-8 codebook has, for a rough rank adaptation, we can use a precoder which is indexed by the same PMI with the original one but has less rank than the original one, since the new one is a subset of the original one. The performance degradation would happed due to a rough rank reduction.
At eNB, it searches for the UEs which would make best companion pair, and will give a certain priority to the paired UEs. The eNB will not always select the best companion pair to be co-scheduled, and may select other UEs if they have higher priority which is determined by scheduling rule than the UEs making best companion pair. In some cases, the UEs making best companion pair would be co-scheduled with other UEs. For example, if the UEs indexed by U0 and U1 are best companion, an eNB will give a certain priorities to U0 and U1 to be co-scheduled, but may also select other UEs to be co-scheduled if other UEs have high enough priorities. When an eNB selects the UEs making best companion, CQI mismatch would not happen, but if this eNB selects other UEs also, CQI mismatch could happen as it does in other feedback schemes. 
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Fig 3. Scheduling with BCI 

4. Simulation results 
For the performance comparison, we evaluate the performances of Rel-8 type MU-MIMO, performances of MU-MIMO where rank 1~2 PMI is sent back, and the performance of MU-MIMO with BCI reporting. In Rel-8 type MU-MIMO, each UE receives only one layer, and the total rank is 2. In MU-MIMO where each UE sends rank 1 or 2 PMI for MU-MIMO, an eNB will send rank 1 or 2 transmissions for each UE, and the total rank is not more than 4. The evaluation where an eNB receives rank 1~2 PMI or BCI follows the MU-MIMO dimensioning which we agreed on for Rel-10. The simulation assumptions are shown in table A1 in the appendix. Table 1 shows the cell average spectral efficiency achieved by each MU-MIMO scheme. It is observed that antenna spacing has minor effect on cell average throughput, and feedback with BCI shows around 20% performance again over MU-MIMO schemes without BCI. 

Table 1. Cell average spectral efficiency 
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Fig 4. Gain by BCI reporting over rank 1~2 PMI feedback where an eNB directly follows PMI
5. Conclusion 
In rel-10 MU-MMO, each UE can receive 1 or 2 layers and the total rank would be limited not more than 4. With BCI reporting, MU-MIMO can achieve good performances with this dimension for both antenna spacing cases, large or small.  
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Appendix
Table A1. Simulation assumptions 
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