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1. Introduction
So far, most of MIMO discussions have been focused on finalizing SU-MIMO related issues including control signalling and transmission mode in RAN1. As a result, most of SU-MIMO issues were finalized including DL and UL control signalling. However, the WG still has a lot of remaining MU-MIMO related issues to be decided such as DCI format and CQI/PMI reporting schemes. Generally, MU-MIMO can provide higher system throughput by exploiting multi-user diversity gain in spatial domain when the number of UE is enough in a cell.

Followings are working assumptions which have been agreed so far:
· Precoding
· Reuse (a part of) the rank-1 SU-MIMO precoding possibilities defined for 2Tx and 4Tx antennas

· UE and Node B uses the same codebook

· Node-B has the ability to independently choose the precoding vectors for the UEs scheduled in the same subframe

· UE feedback

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

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

· Downlink control signalling

· Explicit signalling of the used precoding vector for a scheduled UE is allowed

· No signalling for indicating the interfering vector

· Reuse DCI format in SU-MIMO for supporting MU-MIMO

These decisions are made to provide multi-user scheduling gain under highly correlated channel.  From [1]-[3], we can see that current MU-MIMO mode specified in Rel-8 couldn’t provide enough MU-MIMO gain due to its incorrect CQI feedback and no interfering vector signaling which results in severe CQI mismatch and removing a chance to cancel inter-user interference in spatial domain. However, it seems that the MU-MIMO mode still have a meaning such that LTE system includes MU-MIMO mode. Therefore, the MU-MIMO related remaining issues should be finalized with avoiding an additional increase in test cases and implementation complexity.
2. Remaining Issues on MU-MIMO
· Precoding in frequency domain:
In LTE system, two types of precoding are supported for SU-MIMO such as frequency selective (FS) precoding and wideband (WB) precoding. The former normally provides SNR gains under low correlated channel by applying adequate precoding vector according to the frequency band and the latter also provides SNR gain under highly correlated channel by forming beams in spatial domain. As mentioned before, current MU-MIMO transmission scheme in LTE designed for highly correlated spatial channel. Hence, it is obvious that non-frequency selective precoding (i.e., WB precoding) is enough for MU-MIMO mode in LTE.
· Scheduling in spatial domain:
     In general, it is preferable to schedule transmit antenna port number of UE in a same RB if interfering vector indication is possible since a UE can null or cancel interferences from other UEs scheduled in same RB. However, current MU-MIMO scheme in LTE doesn’t support indicating interfering vector, thus resulting severe inter user interference in spatial domain. From this, it can be easily expected that a limited number of UEs can be paired in a same RB in order to avoid the situation of high inter-user interference. Considering inter-user interference and control signalling overhead, it seems beneficial to restrict a maximum number of UE scheduled in a same RB to two.
· DCI format
                In RAN1 #53, the DCI format for MU-MIMO was discussed and it was concluded that DCI format for SU-MIMO is reused for MU-MIMO in order to minimize test case and implementation complexity. In addition, it was decided that interfering vector(s) is not included in DCI format for MU-MIMO, thus requiring only a PMI used for a UE. Therefore, format 1B seems most appropriate as a DCI format for MU-MIMO at this stage.
· CQI/PMI feedback

                As CQI/PMI feedback modes for MU-MIMO, all PUSCH and PUCCH feedback modes are not necessary since the non-frequency selective precoding is preferable. In addition, the MU-MIMO always has significant CQI mismatch when a UE is allocated with another UE in a same RB due to its inter-user interference. Keeping that in mind, only mode 3-1 in PUSCH reporting modes and mode 2-1 in PUCCH reporting modes without rank feedback seems adequate as CQI reporting modes for MU-MIMO.
3. Conclusion
As a summary, our view on remaining details for MU-MIMO is as follows:

· Wideband precoding is appropriate since current MU-MIMO is designed for highly correlated spatial channel.

· Two UE as a restriction of the maximum number of scheduled UE in a same RB seems preferable in order not to increase inter-user interference in spatial domain significantly.
· Format 1B seems adequate as a DCI format for MU-MIMO.
· Mode 3-1 in PUSCH reporting modes and mode 2-1 in PUCCH reporting modes without rank feedback seems adequate as CQI reporting modes for MU-MIMO
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