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1 Introduction
The framework of the MU-MIMO transmission mode was decided in the RAN1#49bis June 2007 meeting [8], several important details such as CQI, DCI format, etc has yet to be finalized, and was the focus of discussion in [1-7]. In this contribution, we express our view on the several aspects of MU-MIMO finalization, taking into account the decisions on SU-MIMO, CQI format, as well as DCI format in RAN1 over the previous meetings. 
2 CQI/PMI report
As we agreed in [8], the MU-MIMO CQI format should mostly reuse SU-MIMO format, with a few FFS items:
· UE feedback

· CQI calculation: same as the rank-1 SU-MIMO

· Precoding feedback: same as the rank-1 SU-MIMO 

· It is possible to configure non-frequency selective precoding feedback

· Need for additional means for robustness is FFS (inclusion into Rel8 is not precluded)

· An additional CQI terms for interference indication 

· Alternative CQI definition

Therefore, the remaining question is whether or not to have additional delta CQI term to complement the rank-1 SU-MIMO CQI/PMI feedback.  Our view is that 
· From the results in [1],[7],[10], it was observed that reporting rank-1 CQI results in non-negligible performance loss, therefore, we propose to have rank-1 base CQI + spatial delta CQI
· We note that this CQI format that supports rank-1 CQI + spatial delta CQI is already well defined for both PUSCH and PUCCH. Therefore, no additional feedback format needs to be defined
On the other hand, we do recognize that the overriding objective of RAN1 as a group is to finalize the Rel-8 LTE issues as soon as possible, so that other working groups can also finish their finalization. Therefore, we are open to the second alternative if it makes easier to finalize the MU-MIMO transmission mode:

· Alternatively, we are open to using only rank-1 SU MIMO CQI/PMI report if it is preferred by most companies.

2.1 CQI granularity
It was suggested in [2] to limit the CQI/PMI feedback to be wideband only for MU-MIMO. Our view is that such restriction is un-necessary, as in the current spec, the eNB is able to configure the UE to report only wideband CQI/PMI, if the eNB chooses to do so based on its judgement of system configuration and channel condition. Therefore, we do not see the need to add additional restrictions in the spec. 
3 DCI format for MU-MIMO
In the current RAN1 specification, there are in general several options that are suitable fore MU-MIMO transmission mode in the downlink:

· DCI format 2

· DCI format 1B, or modified version of 1B

Our preference is format 1B or modified 1B,  based on the observation that the system is often PDCCH CCE resource limited, especially in the small to medium BW systems. In recent discussions on the reflectors, such concerns on CCE resource limitation leads to a solution where the number of control OFDM symbols is extended from 3 to 4.  Supporting each user in MU-MIMO with a CCE-hungry format 2 will further exacerbate the situation, and therefore should be avoided.  The loss of resource allocation flexibility in format 1B seems to be minimal, form our viewpoint.
3.1   Power offset indication

In [8] the following was agreed regarding the power share of an individual UE in MU-MIMO transmission
· Indication of the power share for a UE among the scheduled UEs on the same set of frequency resource in the same subframe is FFS

· Detailed signalling scheme is FFS

· The conclusion on the UE-specific RS-to-PDSCH power offset signalling should preferably be reused. 

· Taking into account the subframe-wise power variation… 

In some recent contributions, several companies have looked into finalization of this issue. In [5,6], it was proposed to use 4 states to explicitly indicate the power offset by setting the 4 states as 

power offset  = -10log10(N), N=1, 2, 3, 4  or [0, -3, -4.7, -6]dB
where N is the number of UEs scheduled on the MU-MIMO band in a subframe.  In [3], it was proposed to use CRC masking to indicate these power offsets instead of explicit indication. In [2], it was proposed to restrict the number of users to 2, and re-use the Distributed transmission flag in DCI format 1B to indicate the power offset.
On the other hand, in the current spec the UE-specific PDSCH to RS ratio is semi-statically configured with 8 possible values [3, 2, 1, 0, -1, -2, -3, -6]dB. And in our view, although the  additional per-subframe power offset indication may not be needed in common scenarios, it might be useful in cases where the MU-MIMO UEs are assigned a large BW, and the eNB cannot borrow power from other subbands.  In these situations, setting offset values as -10log10(N) does not seem to provide enough granularity, especially taking into account the variation among the UE-specific PDSCH power (currently with a dynamic range of 9dB). For example, an offset value of -1 or -2dB may be useful in the case if the eNB only needs to slightly  lower each UEs’ PDSCH to satisfy the per-subframe power limit.
 In summary, if we do decide to add this power offset indication, our preference is

· The offset values can be semi-statically indicated to each UE to allow better granularity (by either RRC or D-BCH)
· Use explicitly signalling, not CRC masking, in order to avoid cutting into useful UE identification space and increased CRC detection error;

· If 1B is used, try to re-interpret the existing bits/states, instead of creating another new DCI format. For example 

· For 2Tx, either use the distributed bit can be used as suggested in [2]; or restrict number of rank-1 codeword from 4 to 2 to save one bit  for the power indication;
· For 4Tx, we can restrict the number of rank-1 codewords used for MU-MIMO from 16 to 8 to save one bit from PMI.  As shown in [1,11], 8 codewords instead of 16 seem to be sufficient for 4Tx MU-MIMO transmission. 

· If two power levels is enough, then the saved PMI bit can be used to indicate it;

· If four power levels are viewed necessary, then we can use the 1-bit saved from PMI in conjunction with distributed transmission flag to indicate power offset. 
3.2    Restriction on the number of UEs in MU-MIMO

In some contributions, it was suggested to restrict the number of UEs in MU-MIMO transmission to 2 [1,2,4]. However, such an restriction does not need to be explicitly stated in the specification, as the eNB can choose the number of UEs sharing the same band in MU-MIMO, based on its own observation of channel and antenna configuration.   
4 Conclusion
In summary, we propose the following for MU-MIMO finalization
· Reuse CQI/PMI format defined for SU-MIMO. Two alternatives are considered: (1) Allow base rank-1 CQI/PMI report and spatial delta CQI/PMI (our preference); (2)  Only rank-1 CQI/PMI report (we are fine with it if most companies prefer this way)
· DCI format 1B to be used with 1 or 2 bits reinterpreted for power offset indication
· No explicit restriction on number of simultaneous UEs
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