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1 Introduction
In 3GPP RAN1#66bis, a number of contributions of CSI feedback enhancements for DL-MIMO were discussed. A way-forward [11] was proposed but it hasn’t really refined the study scope defined in DL-MIMO SI [12].  This contribution presents our views on feedback enhancements related to a single CSI-RS resource belong to localized antennas or geographically-separated antennas( e.g. macro-node with low-power RRHs) in the aspects of codebook enhancement, feedback structure, feedback granularity and MU-CQI enhancement. 
2 Codebook enhancement
Codebook enhancement considering single point transmission
In Rel-10, due to the limitation of time, although 4Tx codebook enhancement is considered to bring significant gain for MU-MIMO [1] in macro cell, the enhancement is not agreed.  In Rel-11, we have more time to fully study codebook enhancement both in macro cell and small cell.  In our previous contribution [2] simulation result shows that 4Tx codebook enhancement can provide significant performance gain.  Furthermore, UE in small cell (scenario C2) will have relatively higher SINR than UE in Macro cell which means there can be more chance for MU-MIMO transmission which generally needs higher spatial granularity.  Codebook enhancement can potentially bring greater performance benefits in small cell scenarios.  The simulation result in [13] shows that gain obtained from codebook enhancement can potentially reach about 10% and 30% on cell average and cell edge spectral efficiency respectively.
In addition, dual PMIs feedback structure was introduced in Rel-10 for 8Tx for reducing PMI feedback overhead based on the time-dependent and frequency-domain correlation. We can reuse the same structure for 4Tx PMI feedback to increase the gain in correlated scenario without using larger feedback overhead.

8Tx codebook introduced in Rel-10 has a good performance in single point macro scenario which is usually the scenario considered for 8Tx in FDD. Changing 8Tx codebook itself doesn’t seem necessary.
Codebook enhancement considering geographically separated antennas
Due to the different transmission power and the different path loss, the UE may receive different power from different TPs.  Whether the current Rel-8/10 codebooks with constant modulus are suitable for GSA scenario should be studied.  In our view, the received power imbalance may not be serious (no more than 6dB) if the UE is configured as single CSI-RS pattern for multi-point transmission.  Otherwise, per TP CSI feedback or falling back to single point seems to be a better choice.

From the simulation results given in [3], it can be observed that the performance loss is not significant for SU-MIMO/JP when we consider no more than 6dB imbalance.  Based on this result, it doesn’t seem to have the need for any codebook enhancement for power imbalance. 
Proposal 1: In Rel-11, 4Tx codebook enhancement focusing on single point scenario should be considered.
3 Feedback Structure
It has been pointed out [3] global CSI-RS configuration and SFN type CSI-RS configuration can be achieved in Rel-10 by UE-specific CSI-RS configuration signaling in distributed antenna scenarios.  An example is shown in figure 1.
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Figure 1 CSI-RS pattern for aggregated feedback using single CSI-RS
Though a little overhead for CSI-RS are increased, aggregated CSI feedback can support SU-JP well in certain antenna configurations with small feedback overhead. If the total antenna number is not equal to 2,4,8, we can consider to combine with SFN-type of CSI-RS configuration to fit in these number of ports.
Current 4Tx codebook and its feedback structure can be used for the aggregated CSI feedback under multiple-points related to single CSI-RS resource.  However, Rel-10 8Tx codebook structure can lead to performance degradation in geographically separated antennas scenario since 8Tx feedback structure can only support wideband/subband and long term/short term feedback. If we consider difference in propagation delays from different points which introduces frequency selectivity, it doesn’t fit into the wideband/subband structure anymore. 
Proposal 2: Improve the current 8Tx feedback structure for geographically separated antenna scenarios (e.g. use single PMI feedback instead)
4 Feedback granularity
Time alignment error under single point and different propagation delay in geographically separated antenna scenario will lead to more serious frequency-selective fading. Because of this, there is greater demand on the enhancement of PMI feedback granularity. One possible enhancement is to introduce PUSCH Mode 3-2 which enables frequency selective CQI and PMI at the same time.  Although in Rel-10 it is concluded that PUSCH Mode 3-2 cannot bring obvious performance gain over PUSCH Mode 3-1, granularity of PMI feedback needs to be revisited if the above factors is considered. Our simulation results show moderate gain can be easily obtained by PUSCH Mode 3-2 with TAE [4] under single point and geographically separated antenna scenarios [3] 

CQI feedback granularity is an important factor affecting performance. Simulation is done to evaluate the impact of CQI feedback granularity on performance in [4]. We compare two granularities, 3RB and 6RB.  The results demonstrate clear benefits of using finer granularity of CQI feedback.  In most of the cases 6% gain can be achieved on both average and cell edge spectral efficiency.

Proposal 3: Increase the frequency-domain granularity of PMI (e.g.by introducing mode 3-2). Consider to revisit subband size for PMI/CQI feedback
5 MU-CQI enhancement

For CSI feedback, UE feeds back CQI derived based on the SU hypothesis.  For MU-MIMO transmission, eNB performs MCS assignment usually according to the SU-CQI with adjustment based on the paired UE’s PMI and possibly ACK/NACK from the past transmission.  Unfortunately, it is hard to do an accurate adjustment due to insufficient information at the eNB side.  MU-CQI derived at UE based on some MU hypothesis is one way to aid eNB for doing more accurate link adaptation in MU-MIMO transmission.  In Rel-10, MU-CQI has been studied under macro cell scenario. Around 5-10% gain can be obtained [6-9].  In Rel-11, different scenarios are defined for DL-MIMO study.  Small cell scenarios with less inter-cell interference can potentially give more MU-MIMO gain [13].  It is worth investigating the MU-CQI further in this scenario under high geometry scenario where MU-interference tends to be a more limiting factor.    

Proposal 4:  MU-CQI should be further studied in Rel-11 especially for small cell.
6 Conclusion
In this contribution, we present our views on CSI feedback enhancement related to single CSI-RS resource in the aspects of codebook enhancement, feedback structure, feedback granularity and MU-CQI enhancement.  The corresponding proposals are as follows:
Proposal 1: In Rel-11, 4Tx codebook enhancement focusing on single point scenario should be considered.

Proposal 2: Improve the current 8Tx feedback structure for geographically separated antenna scenarios (e.g. use single PMI feedback instead)
Proposal 3: Increase the frequency-domain granularity of PMI (e.g.by introducing mode 3-2). Consider to revisit subband size for PMI/CQI feedback
Proposal 4:  MU-CQI should be further studied in Rel-11 especially for small cell. 
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