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1 Introduction

In 3GPP RAN1#87 meeting, the following agreements were achieved on up to 32 ports codebook design [1]:

Agreement: 

· The Rel.13 rank 1-8 Class A codebook tables are extended to the agreed port layouts of {20, 24, 28, 32} ports

· All the four codebook Configs 1-4 of Rel-13 are supported in Rel-14 for 20,24,28 and 32 ports

· No other codebook Config is introduced for 20, 24, 28 and 32 ports

· Rank 5-8 codebooks for {20, 24, 28, 32} ports are extended from Rel-13 16-ports codebook

However, the associated PMI reporting for extended codebook was not touched so far. This contribution provides our views on the support of PUCCH and PUSCH based CSI reporting for up to 32 ports codebook.
2 Discussion 

2.1 CSI reporting in Rel-13
LTE Rel-13 supports {8, 12, 16} ports Class A codebook, where Kronecker Product of beam vectors in vertical and horizontal domain constructs a precoding vector/matrix. For PUSCH based aperiodic PMI reporting, CSI modes 1-2, 2-2, 3-1, 3-2 are supported for TM9/10. For periodic CSI reporting, due to the PUCCH capacity limitation, PUCCH mode 1-1 submode1 and PUCCH mode 2-1 are supported. 
2.2 CSI reporting for up to 32 ports codebook
In 3GPP RAN1#87 meeting, it was agreed to extend Rel-13 Class A codebook to support up to 32 ports CSI-RS. Based on that, the payload size of PMI reporting is highly dependent on parameters of (N1, N2), (O1, O2) and CodebookConfig. Compared with codebook parameters in Rel-13, the maximal number of antenna ports is increased to 32 ports. However, the oversampling factor (O1, O2) = (8, 8) is not support in Rel-14 for the purpose of reducing codebook complexity, which make the codebook size no larger than that of Rel-13. 
· Aperiodic CSI reporting

For aperiodic CSI reporting on PUSCH, the payload size is not the issue. The existing CSI reporting modes, i.e. modes 1-2, 2-2, 3-1, 3-2, can also be supported for up to 32 ports codebook. There is no reason to preclude any existing CSI reporting modes in Rel-14. Also, there is no strong motivation to introduce new type of PUSCH based aperiodic CSI reporting. Hence, we propose to reuse the legacy aperiodic CSI reporting for up to 32 ports codebook.

Proposal1: Reuse legacy aperiodic CSI modes for up to 32 ports PMI reporting, i.e. 
· For TM9/10, support modes 1-2, 2-2, 3-1, 3-2 if the UE is configured with PMI/RI reporting
· Periodic CSI reporting

For periodic CSI reporting on PUCCH, PUCCH mode 1-1 submode1and mode 2-1 are supported in Rel-13. These two CSI reporting modes can also be supported in Rel-14 for up to 32 ports codebook. For instance, PUCCH mode 1-1 submode1 contains 3 reporting instances as listed below: 
· PUCCH reporting mode 1-1 submode 1 :      

· Report1:  RI 
· Report2:  PMI1 
· Report3:  Wideband CQI+ Wideband PMI2
The PUCCH format that is used for each report depends on the CSI payload size. Since the sizes of PMI1 and PMI2 in Rel-14 are not larger than that in Rel-13, and PUCCH format 2/2a/2b work well for Rel-13 codebook reporting, it is straightforward to reuse PUCCH format 2/2a/2b to carry CSI reporting in Rel-14. This observation is applicable for PUCCH mode 2-1 reporting mode as well, i.e.

·   PUCCH reporting mode 2-1:      

· Report1: RI+PTI. 
· Report2:
· PMI1 for PTI=0 
· Wideband CQI + Wideband PMI2 for PTI=1 
· Report3: 
· Wideband CQI + wideband PMI2 for PTI=0 
· subband CQI + subband PMI2+subband label
There is a minor concern on subband CQI/PMI2 reporting when PTI=1 in PUCCH mode 2-1. Since the beam becomes narrower in Rel-14, the best beam may change after several reporting periods that eNB takes to collect CSIs for all subbands. One solution is to define CQI/PMI2 reporting for more bandwidth parts in Report3. However, the performance gain should be studied carefully to avoid overdesign of PUCCH format.  Considering remaining time limitation, introduction of new reporting modes for up to 32 ports codebook can be studied in next release.
Based on the discussion above, we propose 
Proposal2: Reuse the existing PUCCH mode 1-1 submode1 and mode 2-1 for up to 32 ports PMI reporting, where PUCCH format2/2a/2b can be used to carry each report.

3 Conclusions

This contribution mainly discusses the support of PMI reporting for up to 32 ports codebook. We do not observe strong motivation to introduce new CSI reporting modes in Rel-14. Hence we propose 
Proposal1: Reuse legacy aperiodic CSI modes for up to 32 ports PMI reporting, i.e. 
· For TM9/10, support modes 1-2, 2-2, 3-1, 3-2 if the UE is configured with PMI/RI reporting
Proposal2: Reuse the existing PUCCH mode 1-1 submode1 and mode 2-1 for up to 32 ports PMI reporting, where PUCCH format2/2a/2b can be used to carry each report.
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