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1. Introduction
The following was agreed based on scenario prioritization discussion for single point MIMO design as captured in [1].

Focus on the high priority scenarios (A, B, C) for feedback enhancement in the DL MIMO SI, within which Scenarios A and C have higher priority than Scenario B. The scenarios identified with lower priority, including their simulation assumptions, can be discussed in a later stage when the study on the high priority scenarios is close to completion.
As per the RAN1#66 agreement, scenarios A and C are studied with a higher priority compared to scenario B in the DL MIMO SI, with the following motivations

· Single point transmission should be the focus of the DL MIMO SI 

· Coordination aspects have a lower priority in the DL MIMO SI
Small cell scenarios like scenario C have more potential for MIMO gains since they could support higher geometries. Further CSI enhancements may give larger benefit, and support for higher rank SU/MU MIMO may also be targeted. However, the MU gains are expected to be small with lightly loaded pico cells, which may be one issue to further discuss in the current simulation assumptions. The current scenarios reuse most of the low load scenarios which are primarily targeted for CoMP CSI enhancements.

In this contribution, we discuss feedback enhancements that may be targeted in Rel-11 timeframe. Significant study has been done on CSI enhancements for single-cell MIMO spanning feedback enhancements, two-component codebooks, MU-CQI and PUSCH 3-2. In the following, we summarize our views on these enhancements which could be a good starting point for Release-11. Evaluation results for the enhancements are provided in a companion contribution [2] .
2. Codebook Enhancements for 4Tx
Rel-8 supports 4-bit PMI/CQI feedback per subband, which has been shown to be very reliable for SU-MIMO transmission. Further studies in Release-10 showed that MU-MIMO transmission can also be improved with certain antenna configurations (like 4Tx ULA) and using more refined subband-based feedback with cross-pol configurations. It is also well understood that most of the gains can be attributed to the flexibility of precoding allowed by DMRS, allowing Zero Forcing (ZF) precoding at the transmitter. 

However, dual codebook framework is already supported for 8Tx codebooks, and also reflected in the feedback modes for Release-10. Similar framework may be used for 4Tx, which minimizes specification work, and this can be considered as a baseline for further enhancements.

Any other enhancements for CSI should only target new functionality for future deployments with meaningful gains. Small cells may support higher uplink capacity and future mobile devices may support increase overhead/complexity for CSI feedback. Further new uplink control channel designs (along with uplink CoMP support) may also support increased overhead of feedback. In general, a significant change to overhead assumptions may be needed to realize any realistic gains [6]. A good starting point would be to relax the overhead constraints and study overhead and performance trade-off.
Proposal

ii) As well studied in Release-10, dual codebook for 4Tx could be used as a baseline enhancement that also can reuse most of the feedback framework (feedback modes, codebook definition, testing) already in place from Release-10. However, it is observed that the gains are moderate with these enhancements [2].
ii) Consider revising the overhead benchmark before for further study of codebook/spatial CSI enhancements.

3. CQI Feedback for MU
In Release-10, an UE is free of the burden of accounting for MU-transmission both in CSI feedback and demodulation and it is left to the eNB to make appropriate corrections and adjustments. In evaluations, such adjustments have been shown to work fairly well with MU-dimensioning targeted in Release-10, especially when outer loop is used for potential co-channel interference mismatch corrections [3]. In general, we have observed that this tends to be the case even with MU-CQI prediction based on explicit or adaptive feedback, but we believe it is mainly due to the fact that eNB schedules MU only when a compatible UE with “orthogonal channel” is found. In previous studies further MU-CQI feedback enhancements are shown to be not substantial (<5%). Further study is also needed in case of higher rank MU transmissions. On the other hand, MU gains in certain cross-pol scenarios with all the impairments modeled has not been encouraging in the past results [4], and must be targeted for further enhancements.

Proposal

The flexibility of DMRS allows eNB to deviate from UE recommendation. But, we should consider enabling feedback enhancement that also reflects interference cancellation and implementation-specific receiver capabilities at the UE to optimize network gain.

· Recommend further study of MU-CQI capturing realistic receiver models in new deployment scenarios. 

4. Feedback Granularity

Finer granularity of CSI may be an enhancement that may be targeted, by increasing the subband granularity for CSI feedback. Finer subband CSI is needed for supporting MU in cross-pol scenarios. Further CQI should also be based on same granularity to realize these gains and it is preferable to send these in a single report to avoid feedback delays. So, in our view PUSCH 3-2 could be revisited for Release-11 CSI enhancements. Further a smaller subband size may also be considered (ex: 2/3RBs)

Proposal

Consider revisiting PUSCH 3-2 enhancements to improve feedback granularity
5. Support for Higher Rank MU

For release-10, the MU dimensioning targeted for optimization is up to total of 2 layers. We observe that for devices with capability of four receive antennas (4x4 configurations) at the UE, additional interference capabilities at the UE, would reduce the relative gains with CSI enhancements, if rank of MU is limited to maximum of two layers [2]. Such devices may be able to support MU with 4 layers (up to rank 2 per UE), by using the additional degrees of freedom to cancel interference from multiple streams, especially in cross-pol scenarios. Further, the SNR needed for rank four transmissions may be available in indoor/hotspot environments, and rank 4 MU is more realistic than rank 4 SU transmissions in these scenarios. Our past link evaluations show that significant gains can be obtained for MU with higher number of spatial layers [7]. 
Proposal
Target CSI enhancements for higher rank MU, to take advantage of advanced receivers and higher geometries in indoor/hotspot environments.

6. Conclusions

In this contribution, we discussed some of the areas to focus on for CSI enhancements for Release-11 DL-MIMO. Based on the discussion, we proposed the following
i) As well studied in Release-10, dual codebook for 4Tx could be used as a baseline enhancement that also can reuse most of the feedback framework (feedback modes, codebook definition, testing) already in place from Release-10. Consider revising the overhead benchmark before for further study of codebook/spatial CSI enhancements.
ii) Recommend further study of MU-CQI capturing realistic receiver models in new deployment scenarios. 

iii) Consider revisiting PUSCH 3-2 enhancements to improve feedback granularity

iv)Target CSI enhancements for higher rank MU, to take advantage of advanced receivers and higher geometries in indoor environments.
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