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1. Introduction

In RAN1#65 meeting, real life issues on downlink MIMO deployments were discussed and some observations were made as:

Observations from RAN1#65: 

· Rank adaptation

· Time alignment errors

· Antenna calibration and partial reciprocity

· Vertical beamforming for dense urban deployments

· Specific antenna configurations: cross-polarized; geographically-separated antenna deployments; circular array; 

· Antenna tilting

· UE interference measurements and feedback processing time

· Feedback granularity

· DL control channel limitations for high numbers of tx antennas

Priority for RAN1#66: consider which are the highest priority real-life issues to address, and how they might be addressed.

In this contribution we discuss these issues and provide our views.
2. Discussion
Rank Adaptation

In [4], some interesting observations were made in highly power imbalanced environment. In companion contribution [1], we carried out some simulations to study the rank estimation at UE in power balanced and power imbalanced scenarios. With few generic rank estimation algorithms we simulated in [1], we do not observe any issues; from the throughput curves we find very consistent behavior. 
Observation 1: Rank estimation at UE is not an issue.
Time alignment errors

In companion contribution [2], we studied impact of time alignment errors on 4 Tx codebook and 8Tx codebook performance. We observed that, in SU-MIMO case with the subband feedback there is little impact of time alignment error of 65 nano seconds on 4Tx codebook performance however there is still significant impact on 8Tx codebook performance; in MU-MIMO case even with subband feedback impact of time alignment error of 65 nano seconds on the throughput is very significant. 
Proposal 1: Impact of time alignment errors should be studied to improve the performance.
Antenna calibration and partial reciprocity
It is well understood that to utilize channel reciprocity in TDD antenna calibration is necessary. With multiple numbers of Tx antennas at eNB placed closely, the channel becomes correlated and thus the system can benefit from DFT codebooks. As we observed in “time alignment errors” study above, calibration of eNB antennas will provide benefit to FDD as well. 
Observation 2: Antenna calibration is beneficial in the system with correlated antenna setup.
Vertical beamforming for dense urban deployment

In [5], interesting scenario of vertical beamforming for indoor coverage was discussed. We are bit skeptical on the benefit of such indoor coverage as there are few other practical solutions commercially available for indoor coverage. And, there is no such channel model to study such scenario.
Proposal 2: Vertical beamforming should not be prioritized.
Antenna configuration
Some operators declared that they would not plan to deploy co-polarized configurations widely, and closely spaced or widely spaced cross-polarized antenna were preferred for 4 Tx antenna configurations to be mounted on macro sites. We also suggest that priority should be given to 4 Tx cross-polarized antenna array. And the feasibility of uniform circular arrays and active antennas should be further investigated.
Proposal 3: Priority should be given to 4 Tx cross-polarized antenna array.
UE interference measurement and feedback processing time

In Rel-10, there was discussion on interference measurement, as there is muting of CSI-RS in neighboring cells the UE can measure the interference on CRS. In Rel-11 and later releases, the role of CRS will gradually diminish and even ePDCCH maybe based on DMRS. In such a scenario, interference measurement on CRS doesn’t make sense. New interference measurement mechanism in CSI-RS based system should be studied. Since the periodicity of CSI-RS is longer than CRS, as discussed in [6], it seems CSI reporting time can be relaxed.
Proposal 4: Need to study new interference measurement mechanism.
Feedback granularity

In Rel-10, 8 Tx codebook and relevant PUCCH feedback modes were extensively studied. PUSCH feedback enhancement was also studied; however concerns were raised by companies on overhead against achievable gain. In some scenarios, overhead in uplink might not be very critical. 4 Tx is mostly deployed in real network; from operators point of view it is the most important antenna configuration. Feedback enhancement should be further studied considering specific scenarios.
Proposal 5: Feedback enhancement should be studied further.
DL control channel limitation for high number of tx antennas

Number of contributions in RAN1#65 discussed the necessity of DL control channel enhancement. In the context of MU-MIMO and COMP, there may be limitation on PDCCH capacity. The PDCCH enhancement based on DMRS may be beneficial due to precoding gain. In companion contribution [3], we provide our views on ePDCCH. 
Proposal 6: Study on PDCCH enhancement should be prioritized, and benefit of ePDCCH over legacy PDCCH should be demonstrated.
3. Conclusions

In conclusion, we provide some observations and proposals:
Observation 1: Rank estimation at UE is not an issue.
Observation 2: Antenna calibration is beneficial in the system with correlated antenna setup.
Proposal 1: Impact of time alignment errors should be studied to improve the performance.
Proposal 2: Vertical beamforming should not be prioritized.

Proposal 3: Priority should be given to 4 Tx cross-polarized antenna array.
Proposal 4: Need to study new interference measurement mechanism.
Proposal 5: Feedback enhancement should be studied further.
Proposal 6: Study on PDCCH enhancement should be prioritized, and benefit of ePDCCH over legacy PDCCH should be demonstrated.
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