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1 Introduction

There has been little progress on MU-MIMO transmission mode since RAN1#49bis meeting ‎[1]. In this contribution, we would like to state our views on the remaining issues for MU-MIMO for LTE Rel 8 and hope to help finalise the details on MU-MIMO for LTE Rel. 8.
2 Views on remaining issues on MU-MIMO for LTE Rel. 8

Number of spatially multiplexed UEs
The number of spatially multiplexed UEs for each resource block (RB) is fundamentally limited by the number of transmit antennas. A number of companies have indicated preference to further restrict the number of spatially multiplexed UEs for each RB to a maximum of two and the reasons are well-articulated in ‎[2]‎[4]. 
Our view is that due to the lack of advanced features available for MU-MIMO in Rel. 8, the advantage of multiplexing more than two UEs per RB is rather limited. On the other hand, allowing more than two UEs to be multiplexed has widespread consequences, for example increased complexity in downlink resource scheduling, control signaling, UE power sharing/scaling and CQI calculation‎[2][3]‎[4]‎[5]

 REF _Ref204759607 \r \h 
‎[6]
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‎[7]‎[8]
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‎[9]. This is not desirable at this stage of LTE specification development.
Hence, we support the proposals in ‎[2]‎[4] to limit the maximum number of UEs that can be spatially multiplexed for MU-MIMO transmission mode to be two. 
Recommendation: The maximum number of spatially multiplexed UEs for MU-MIMO transmission mode for a RB is limited to two.
Precoding
Majority of companies ‎[2]‎
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‎[4]
 hold the view that wideband precoding is sufficient since MU-MIMO should be optimised for the case of correlated antennas. We share the same view that only wideband precoding is needed for MU-MIMO. This implies that 2-bit signaling of precoding for 2-TX and 4-bit signaling of precoding for 4-TX is needed. 
Recommendation: Only wideband precoding is supported for MU-MIMO.
Power sharing/scaling

Two or more UEs configured in MU-MIMO transmission mode multiplexed to share the same RB would necessary have to share the total transmit power of the eNB. UE scheduling is dynamic but UE-specific power control is semi-static. It is possible that pairing two or more UEs in MU-MIMO may sometimes result in violation of the total transmit power constraint. 
Power adjustment by the eNB to ensure the total transmit power constraint is observed may occur on subframe basis and it is necessary for the UE to be aware of such power adjustment in order to derive the correct data-to-RS power ratio necessary for QAM demodulation. The majority of the companies seem to support signaling of a UE-specific power offset value relative to the semi-statically configured downlink power control level (P_A ) carried on PDCCH on subframe basis ‎[2]
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‎[3]
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‎[6]‎[7]. The solutions in the aforementioned contributions only differ in the exact signaling method of the power offset value.

We agree that there is a need for the UE-specific power offset value. Based on our preference to limit the maximum number of UEs to two, our view is that the most attractive solution is the first option proposed in ‎[2], i.e. use one bit in DCI format for MU-MIMO to signal {0, -3dB} power offset relative to the semi-statically configured downlink power control level (P_A ). 
In addition, while it may be a common understanding that the power allocated to the UEs would be equal in practice ‎[2], our understanding is that there is no such restriction in place according to the current downlink power allocation mechanism specified in 36.213. Our view is that it is not needed in the specification and can be left as an implementation issue. 
Recommendation: One-bit in DCI format for MU-MIMO to signal {0, -3dB} power offset value.
DCI format
It was agreed in RAN1#53 that one of the existing DCI formats shall be reused for MU-MIMO transmission mode. So far, DCI format 1B ‎[2]
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‎[5] and 2 ‎[2]
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‎[3] have been considered as the candidate.
In our view, “reusing” means that one of the existing DCI format, including its structure and interpretation of information fields, is used in its entirety for MU-MIMO transmission mode. Some companies ‎[2]‎[3]‎[9] have a more relaxed definition and allow reinterpretation of some information bits in the “reused” DCI format for MU-MIMO while keeping the DCI payload size to be the same. In any case, our view is that there is no strong motivation to impose such a restriction, since introducing new DCI format does not increase the number of blind decoding that the UE has to perform. 
We propose to introduce a new DCI format for MU-MIMO transmission mode, called format 1D. A simple solution is to base format 1D on format 1B except that one bit is added to indicate the UE-specific power offset.
Recommendation: Introduce a new DCI format 1D for MU-MIMO which is based on format 1B, with one bit added to indicate the UE-specific power offset
CQI reporting
The agreement from RAN1#49bis is that the CQI calculation and reporting for MU-MIMO shall be the same as that for Closed-loop Rank=1 precoding transmission mode. Although, the current specification has yet to specify the CQI reporting modes for Closed-loop Rank=1 precoding transmission mode, it is our understanding that it would be Mode 1-1 and Mode 2-1 for PUCCH, and Mode 3-1 for PUSCH. Furthermore, the rank is fixed to be one and needs not be reported.
Recommendation: The CQI reporting modes for MU-MIMO are Mode 1-1 and Mode 2-1 for PUCCH, and Mode 3-1 for PUSCH. The rank is fixed to be one and no RI report is needed. 
3 Conclusions

In conclusions, we recommend that

· The maximum number of spatially multiplexed UEs for MU-MIMO transmission mode for a RB is limited to two

· Only wideband precoding is supported for MU-MIMO.

· One-bit in DCI format for MU-MIMO to signal {0, -3dB} power offset value.

· Introduce a new DCI format 1D for MU-MIMO which is based on format 1B, with one bit added to indicate the UE-specific power offset

· The CQI reporting modes for MU-MIMO are Mode 1-1 and Mode 2-1 for PUCCH, and Mode 3-1 for PUSCH. The rank is fixed to be one and no RI report is needed. 
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