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1. Introduction

In RAN1#72 meeting, issues on downlink MIMO enhancement were highly discussed and the following working assumption was made:
Working Assumptions:

· A new aperiodic PUSCH feedback mode is supported in Rel.12 with following feedback

· CQI and rank feedback bit size as in PUSCH Mode 3-1 in Rel 10

· A wideband PMI 
· 2 Tx: 0 bit
· 4 Tx: FFS with the consideration of codebook enhancement in Rel. 12 not excluding 0 bit wideband PMI
· 8 Tx: 4/4/2/2/2/2/2/0 bits for rank 1-8 respectively 
· Per subband PMI(s)
· 2Tx: 2/1 bits for rank 1 – 2
· 4Tx: FFS with the consideration of codebook enhancement in Rel.12
· 8Tx: 4/4/4/3/0/0/0/0 bits  for rank 1 – 8 respectively
· Use Rel 10 W=W1W2 codebook structure for 4 antenna feedback for DMRS based TMs

· The following are for further study and evaluation:

· Subband size

· Detailed W1 and W2 structures, e.g. W1 corresponds to a long term and/or wideband channel properties and W2 corresponds to  a short-term and narrowband channel
· Additional information in the CSI reports for this new feedbsack mode

· For example CSI feedback enhancements targeted at improving MU performance 

(Note that the current Rel-10 4tx codebook has W=W1W2 structure). 

Based on the above working assumption, in this contribution, we mainly discuss details on new aperiodic PUSCH feedback in terms of frequency-domain granularity of CSI and MU-CQI.
2. Discussion

2.1. Frequency granularity of a new aperiodic PUSCH feedback
CSI feedback granularity is considered a key to MIMO performance, and a few MIMO enhancement techniques were noted in the work item description. In this section, we focus on one of them, which is frequency-domain granularity of CSI feedback. Up to Rel-11, the sub-band size of CSI feedback is determined according to system bandwidth but, in Rel-12, we see the need of finer frequency-domain granularity to improve MIMO performance.

The current sub-band size of CSI feedback could not be small enough to take advantage of frequency selectivity fully. That is because the sub-band size is fixed according to system bandwidth but the frequency selectivity highly depends on a cell environment. For example, in a dense urban area where there are many scatterers, finer sub-band CSI feedback can improve system performance by providing more scheduling flexibility to the network and by achieving high frequency selectivity gain. However, current spec does not reflect this point.
There are some concerns on an increase in feedback overhead and computational complexity stemming from finer sub-band CSI feedback even though many companies view the enhancement will provide meaningful performance gain. However, we believe the following points will be able to alleviate those concerns. Firstly, in a new aperiodic feedback mode, we could downsize a new 4Tx codebook, particularly W2, in order to counterbalance the increase in feedback overhead and complexity. Of course, downsized codebook should be designed to guarantee valuable performance gain from codebook enhancement and our proposed codebook, W2 of which has 2 bits, would be a promising candidate. For better understanding, we show our simulation result on the proposed codebook and feedback overhead analysis in [1]. Secondly, we propose to configure the sub-band size of CSI feedback with RRC signaling. As a result, the network is able to optimize the sub-band size based on frequency selectivity level so that the frequency-domain granularity of CSI is still configured at the same level as Rel-11. Also, it enables the network to cut the feedback overhead further by configuring larger sub-band size than Rel-11, if it is needed.
Proposal 1: In a new aperiodic PUSCH feedback mode, the frequency-domain granularity of CSI feedback should be configured with RRC signaling.
2.2. MU-CQI feedback
According to current specification, UE determines CQI under the assumption of SU-MIMO and the network attempts to adjust the reported CQI to capture inter-user interference when it conducts MU-MIMO scheduling. However, there are some concerns on how accurately the network is able to reflect co-scheduled interference into MCS level, particularly given that MMSE-IRC is a baseline receiver in Rel-12. In other words, the network hardly estimates, with only quantized CSI, how much IRC receiver can suppress co-scheduled UE interference, resulting in inaccurate link adaptation. 
MU-CQI, which UE determines under MU-MIMO assumption, is considered a possible way to address the potential problems SU-CQI inherits. In study item phase, a variety of methods for MU-CQI were discussed but, in our view, they do not seem to require small standardization effort.

One simple way of introducing MU-CQI is to utilize CSI-IM in TM 10 as shown in Figure 1. In this example, CSI-IM is configured with 10ms period and 3 subframe offset. The network transmits UE 2 data on IMR in subframe 3 and triggers UE1 CSI feedback so that UE 1 uses that IMR and, in subframe 8, reports MU-CQI on which UE 2 interference is reflected. In the same way, as transmitting UE 1 data on IMR in subframe 13, the network enables UE 2 to report MU-CQI in subframe 18. 

Also, we point out this IMR based MU-CQI feedback is feasible when restricted interference measurement is captured in Rel-12. For example, if the network can configure interference measurement window by RRC signaling, then UE is able to feed back IMR based MU-CQI and SU-CQI with 2 CSI processes. The feasibility of IMR based MU-CQI could be more clarified after RAN 1 receives RAN 4 LS regarding interference measurement window.
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Figure 1. Aperiodic MU-CQI report using CSI-IM and restricted interference measurement
Proposal 2: IMR based MU-CQI feedback should be supported to improve MU-MIMO performance with minimum standardization effort.
3. Conclusion
Among a few DL MIMO enhancement techniques noted in the work item description, we share our view on frequency-domain granularity of CSI and MU-CQI, in this contribution. Firstly, we see it is beneficial to configure the frequency-domain granularity of CSI feedback with RRC signaling in that it enables the network to achieve frequency selective gain effectively and to manage feedback overhead. Secondly, we note that MU-CQI can be introduced with minimum specification change by utilizing multiple CSI processes, IMR, and restricted interference measurement.

In summary, the following proposals were made: 
Proposal 1: In a new aperiodic PUSCH feedback mode, the frequency-domain granularity of CSI feedback should be configured with RRC signaling.

Proposal 2: IMR based MU-CQI feedback should be supported to improve MU-MIMO performance with minimum standardization effort.
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