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1. Introduction
In RAN1#82bis, good progress has been made on configurations for CSI measurement and feedback.  RRC parameter list[7] which contains a lot of details on related configuration has been agreed in the [82b-12] email discussion.  However, there are still some open issues which need to be addressed.  In this contribution, we show our views on CSI measurement and feedback related configurations, including CSI process configuration framework, CSI-RS configuration, codebook subset restriction etc. 
2. CSI process configuration framework
For reporting class A, up to 16 CSI-RS ports can be configured for a CSI process.  In order to obtain high CSI quantization accuracy in high dimension 3D channel for better performance in various MIMO scenarios with different antenna configurations, new configurable GoB codebook design [1] is introduced in Rel-13 but meanwhile, it also brings large PMI feedback overhead.  For most codebook configurations, total number of bits for PMI(i11, i12,and i2) is larger than 8.  The overhead can reach up to  11bit for the rank 1 codebook.  Higher rank codebook design may need to consider more orthogonal beam pairing/combinations, thus the overhead may be further increased[3].

Considering limited feedback payload on PUCCH and often more reliable feedback channel, it’s hard to obtain CSI with high granularity through the periodic feedback on PUCCH. Compared to P-CSI, A-CSI has shorter delay and higher feedback granularity.  The goal of periodic CSI is more for increasing the robustness rather than granularity.  P-CSI on PUCCH and A-CSI on PUSCH may have different measurement requirement, coarse P-CSI is used which only gives a rough measure for some initial scheduling, A-CSI can be tiggered to obtain more refined precoder and CQI.  FD-MIMO relies more on aperiodic CSI feedback to obtain feedback with high granularity. From this point of view，it is no need for supporting high dimension/overhead P-CSI feedback on PUCCH, no more than 8 CSI-RS ports should be configured for P-CSI measurement as current specification[4]. This choice needs less standardization effort and avoids high UE complexity but this means different requirements on CSI-RS resource configuration for PUCCH and PUSCH.
Observation 1: Smaller number of CSI-RS ports and lower CSI dimension should be considered for PUCCH compared to PUSCH.
For Class B CSI reporting, multiple CSI-RS resources can be configured in a CSI process for PUCCH and PUSCH CSI feedback, UE can select a beam from K BFed CSI-RS and reporting the beam index on PUCCH and PUSCH. However, the limited payload on PUCCH would limit the BI feedback. e.g. it needs to carefully consider the flexibility to fit into small feedback overhead. To reduce feedback overhead for robustness transmission on PUCCH, a simple way is to allow different sets of CSI-RS resources for PUCCH and PUSCH.  The former should consider smaller set of CSI-RS resources or smaller dimension of each CSI-RS. e.g. the CSI-RS resources for PUCCH is a subset of the CSI-RS resources for PUSCH[5].  In addition, it is more reasonable and robust to apply wider beam on beamformed CSI-RS for PUCCH as periodic CSI is less dynamic and feedback overhead is limited.
Observation 2:  For Class B CSI reporting, less number of beamformed CSI-RS resources with wider beam width are more preferable for P-CSI on PUCCH as P-CSI is less dynamic and feedback overhead is limited.
UE specific beamformed CSI-RS is also supported in class B reporting together with measurement restriction,  since beams on CSI-RS can be adaptive to the dynamic channel. It does not have much issue to implement measurement restriction for aperiodic CSI as the CSI is self-contained in one CSI report in a subframe.  However, problems may exist for periodic CSI on PUCCH since it takes multiple subframes usually in the order of 10ms to finish one entire CSI that contains RI/CQI/PMI[6].  The CSI report should depend on the same beam in the same periodic CSI cycle.  Therefore, the periodicity of measurement restriction for PUCCH feedback is larger than CSI-RS periodicity.  Compared to PUCCH, measurement restriction for PUSCH should be done in a shorter window in order to obtain full advantage of UE specific beamformed CSI-RS.  This is particularly important for TDD system as the beamforming on CSI-RS varies based on dynamic CSI as CSI-RS virtualization depends entirely on CSI based on the channel reciprocity. 
Observation 3: Measurement restriction requirement is different for PUCCH and PUSCH ,thus it’s hard to share the same CSI-RS resource. 
Based on the above analysis, multiple sub-features (including Class A, Class B and MR) require different CSI-RS configurations for PUCCH and PUSCH CSI feedback. Hence we have the following proposal:
Proposal 1: Support the configuration of different NZP CSI-RS resources for PUCCH and PUSCH. 
3. Restriction of CSI-RS and Feedback Related configuration

Regarding CSI-RS configuration, some working assumptions and agreements are reached for Class A in last meeting, but for Class B, when multiple CSI-RS resources are configured，the following aspects are still not fully discussed：
Value of Ntotal
For cell specific beamformed CSI-RS based scheme, the UE is expected to measure K beamformed CSI-RS resources corresponding to K beams where K>1.  CSI-RS overhead is an issue if number of total ports(Ntotal) is too large. the performance starts to degrade as the CSI-RS overhead increases to a certain level.  Therefore, we should keep the CSI-RS overhead low.  In the SI, we consider the number of TXRUs≤64. To keep the CSI-RS overhead lower than non-precoded CSI-RS, it makes sense to restrict the total number of ports <64.  We suggest to have maximum total number of ports=32.  i.e. Ntotal=sum(Nk) ≤32 for k=1,2…K. With this restriction, maximum number of beams K for 8-port beamformed CSI-RS is 4.
Proposal 2: Maximum total number of ports for each CSI-RS configuration is 32. 
Restriction of Nk Configuration
Regarding the number of ports per beam Nk, for k=1,...,K, if eNB can configure different Nk per CSI-RS, flexible selection between virtualization methods with different dimensions will be supported, e.g. dynamic switching of vertical and horizontal virtualization when the number of antennas in column and row are not the same.  The ability of configuring different Nk can let the network to have a good tradeoff between CSI robustness and performance but high flexibility may cause some new problems. e.g. only one of CSI-RS resources is one port without PMI, the other has larger than one port with PMI. Overall, different Nk is possible with some restriction.  
Proposal 3: Different number of ports Nk should be supported for k=1,...,K.
4. Codebook Subset Restriction 

In last meeting, RAN1 agreed to introduce new codebook subset restriction approach based on beam restriction[1]. Compared to traditional method based on codewords, this approach doesn’t need to independent CSR signaling for each rank thus it is more efficient. However, this approach potentially has more restriction on higher rank codebook.  The main reason is each codeword in higher rank codebook contain multiple beams.  If one of the beams is not available, number of codewords for higher rank will become less which in turn affects rank adaptation and hence the performance.  Codebook subset restriction is mainly used for interference coordination.  The major application is on lower rank case in which high transmit power is focused on one beam.  For higher rank, power is distributed into multiple directions.  So it is not reasonable to apply the same CSR on both higher rank and lower rank.  It makes more sense to have different CSR consideration on different ranks.  If the intention is to reduce the overhead of CSR, rank group can be defined so that different CSRs can be applied to different rank groups.
Proposal 4: The new CSR scheme is not appropriate for higher rank codebook. Higher rank codebook follows the legacy approach of CSR.  
Another issue related to CSR is sub-sampling on PUCCH.  To fit into the limited overhead of PUCCH, the fixed subsampling is done for each PUCCH feedback mode in previous releases. But in Rel-13,the number of precoders in the new codebook increases significantly and a lots of codebook configurations are supported for adapting to different antenna configurations and scenarios, including eleven combinations of (N1,N2) dimension, configurable oversampling factor and 4 codebook subset configurations.  The standardization effort becomes very high if fixed subsampling is decided for each of the configuration.  It is also impossible to evaluate all the sub-sampling within the Rel-13 timeframe since the codebook itself hasn't been finalized yet.  
Observation: Fixed subsamping is not sufficient to support different antenna configurations for FD-MIMO in Rel-13.
One simple way is to make sub-sampling configurable i.e. something similar to CSR[4].  CSR can control the PMI selection of the UE but it does not reduce the feedback overhead. If the CSR method is used to configure subsampling with different overhead, standardization effort becomes much less to support new PMI feedback on PUCCH. 
Proposal 5: Introduce configurable sub-sampling similar to CSR to reduce the standardization effort on supporting Class A CSI feedback on PUCCH.  
If CSR is not supported on PUCCH, it is more reasonable to postpone the work of Class A CSI reporting on PUCCH to the future release.
5.  Conclusion

In this contribution, multiple aspects of CSI feedback and measurement related configurations are discussed.  Proposals are summarized as follows:
Proposal 1: Support the configuration of different NZP CSI-RS resources for PUCCH and PUSCH. 
Proposal 2: Maximum total number of ports for each CSI-RS configuration is 32. 
Proposal 3: Different number of ports Nk should be supported for k=1,...,K.
Proposal 4: The new CSR scheme is not appropriate for higher rank codebook. Higher rank codebook follows the legacy approach of CSR. 

Proposal 5: Introduce configurable sub-sampling similar to CSR to reduce the standardization effort on supporting Class A CSI feedback on PUCCH.
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