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1 Introduction
 In the last #82bis meeting, the Class A CB rank 1 is agreed and the Class B P-CSI reporting is discussed [1]. The Class A P-CSI reporting discussion is yet done in the meeting. In this contribution, we discuss schemes to support P-CSI report for 12 ports and 16 ports.
2 Discussion
In Rel-13 EBF work item, the increased number of TxRU is considered and the increased number of ports are being discussed, in turn, the increased CSI payload for the periodic report should also be discussed. According to the EBF TR 36.897, RAN1 keeps the implicit CSI feedback framework for the CSI acquisition, the CSI elements shall still be CQI(s), RI, and 2D-PMI. It should be noted that the Rel-13 CSI feedback should allocate similar number of bits to the horizontal domain CSI in order to maintain the similar MU-MIMO performance in the horizontal domain, which means that the number of feedback bits for hPMI should be comparable to the previous releases.
On the other hand, the payload of P-CSI report can vary for each PUCCH transmission. Because 2D-PMI has larger payload, it is occasionally overload PUCCH format 2, thus we are not able to apply the legacy P-CSI reporting procedures. It can be one approach that we allow different PUCCH formats depending on the payload at the very uplink subframe. This has advantage of flexible operations, but it is vulnerable because UE does not always have the same understanding of payload with the serving cells. This increases the eNB implementation complexity. Thus, it is not desirable to adopt multiple PUCCH formats in P-CSI reports.
This motivates the use of PUCCH format 3 for 2D-CSI feedback because the PUCCH format 3 has roughly twice capacity of the PUCCH format 2. It is attractive to use the PUCCH format 3 in P-CSI reporting in terms of payload capacity, but the PUCCH format 3 sacrifices the spreading gain in order to increase the payload capacity. In the study item phase, the EBF gain is observed in the high traffic load and in the cell edge, thus the multiplexing gain of PUCCH is essential. In this perspective, the PUCCH format 2 is the better option. Due to the less payload capacity, the PUCCH format 2 requires more number of PUCCH transmission compared to the PUCCH format 3. However, the Rel-12 P-CSI reporting already consumes three PUCCH occasions to complete one P-CSI report. It is desirable if we can find the way of using at most three PUCCH transmissions to support P-CSI report, and using PUCCH format 2 as well.
Proposal: 
· Use PUCCH format 2 for P-CSI reporting.
· The P-CSI reporting is comprised of at most three PUCCH transmissions, regardless of the configured mode. 
If the Rel-13 LTE supports CBF CSI-RS, then it is desirable to introduce beam selection indicator (BI) explicitly. UEs configured to Class B will report BI and Rel-12 CSI together. This is similar to the NP CSI-RS, where UEs configured to Class A will report  and Rel-12 CSI together. In this approach, BI and  are equivalent in terms of CSI reporting, and it is desirable to apply to the same design principle. Considering the limited WG meetings and simple implementations, it is desirable to introduce similar reporting methods for Class A and Class B.
[bookmark: OLE_LINK20]Proposal:
· The BI for Class B and the  for Class A are equivalent in terms of CSI reporting.
However, if the Rel-13 LTE supports UBF CSI-RS, then it is desirable to reuse the current CSI reporting modes. If we design the CB for UBF CSI-RS with the fixed first PMI as the identity matrix, then the UE need not report the first PMI. This approach ends up with the single CB for UBF CSI-RS, where the UE can apply single stage feedback scheme that are available in the current specification.
Observation: 
· The legacy LTE can supports the UBF CSI-RS with no CSI reporting enhancements.
The Class A reporting deals with more than 8 ports, i.e., 12 ports and 16 ports. A PMI belongs to the double CB structure, which means that a PMI is expressed as a matrix multiplication of the wideband precoding matrix and the subband precoding matrix. The wideband precoding matrix is further decomposed into two segments, namely, vertical precoding () and horizontal precoding (). The and are collected to form the wideband precoding matrix by Kronecker multiplication. The subband precoding matrix () does not distinguish the physical dimension of a CSI, and performs the beam selection and cophasing between different polarization ports.
2.1 Mode 1-1
 In mode 1-1, a UE reports the wideband CQI and a wideband PMI. In previous LTE releases, two submodes are introduced to realize two different ways of reporting single PMI. In the case of the submode 1, the first PMI is jointly encoded with the RI, and the second PMI is subsampled to multiplex with CQI(s). In the case of the submode 2, the first PMI and the second PMI are jointly subsampled to multiplex with CQI(s). The submode 1 allows less subsampling rate than the submode 2, capturing the more accurate CSI, but the submode 1 requires more subframes than the submode 2, being more sensitive to the channel fading.
Submode 2
 In the Rel-13 EBF work item, it is not feasible to pack the 2D-PMI into one PUCCH format 2 resource. For example, CQI requires 7 bits for RI=2, and then the remaining bits are 4 bits if we limit the maximum 11 bits as we do in the previous releases. It is too high subsampling to indicate the wideband beam grid (and ) and the two beams and the cophase (). Thus, supporting submode 2 seems not promising to reconstruct the channel response using less than 11 bits. 
Meanwhile, the TS 36.212 says that 13 bits are the maximum size for the UCI channel encoder, though it is believed that PUCCH coverage is reduced if a UE uses up all 13 bits. It is true that the serving cell in the previous releases has in general a few or several RxUs. In the Rel-13 EBF scenario, the UE transmission power is unchanged, but the serving cell has more RxUs, which will increase the receiver sensitivity. We believe that the maximum size can now be increased because the serving cell supporting Rel-13 EBF has many TxRUs, for example 16. Using more RxUs, it is possible for the serving cell to enlarge the PUCCH coverage, and we can consider the PUCCH reports of 12 bits or 13 bits. The increased room can be allocated to express vertical domain. This leads to less subsampling rates for encoding , , and in one PUCCH format 2 resource.
If the submode 2 is defined for the Rel-13 EBF, then it is straightforward to formulate each PUCCH payload. For the 1st PUCCH subframe, only RI is reported, and for the 2nd PUCCH subframe, WB CQI(s), WB , WB , and WB .
[bookmark: OLE_LINK23][bookmark: OLE_LINK24]Proposal:
· The enhanced report type includes WB CQI(s) + WB + WB + WB if submode 2 is introduced.
Submode 1
We allow a few PUCCH transmissions in submode 1. There are two options depending on the number of additional PUCCH transmissions. The option 1 splits wideband precoding (and ) and subband precoding (), whereas the option 2 splits vertical precoding () and the others (and ). 
Table 1 Proposed mode 1-1-1
	Option 1
	Option 2

	1 [bookmark: OLE_LINK21][bookmark: OLE_LINK22]RI
2 WB + WB 
3 WB CQI(s) + WB 
	1 [bookmark: OLE_LINK27]RI+ WB 
2 WB CQI(s) + WB + WB 



 In the option 1, the first PUCCH transmission contains RI only, and the second PUCCH transmission delivers the wideband beam grid. The third PUCCH finally transmits CQI(s) and the beam selection/cophasing. The advantage of the option 1 is the low subsampling rate. Due to three PUCCH transmissions, the option 1 is not appropriate to fast moving UEs. It is noted that the legacy LTE does not support report type +.
 In the option 2, the first PUCCH transmission contains the joint encoded RI and a wideband PMI (). Although this joint encoding is supported in the legacy LTE as RI+, it may be different from the legacy and the depending on the configured CB parameter. In such case, another report type should be introduced. The second PUCCH transmission includes the rest of CSI, i.e., CQI(s), and . This requires subsampling and the legacy LTE already supports this report type, i.e., WB CQI(s) + WB +WB .  
Proposal:
· [bookmark: OLE_LINK25][bookmark: OLE_LINK26]The enhanced report type includes WB + WB if option 1 is introduced.
· The enhanced report type includes RI+ WB if option 2 is introduced.
2.2 Mode 2-1
In mode 2-1, a UE reports SB CQI(s) and a SB PMI, as well as WB CQI(s) and a WB PMI. The legacy LTE system uses PTI to switch the reporting contents of the succeeding PUCCH transmissions. In the Rel-13 EBF work item where vertical CSI are additionally considered, there might be some combinations to achieve the mode 2-1. We have some constraints in order to avoid divergent discussions. For example, the PTI is necessary because the 2D PMI CB for Class A has a double structure, just as Rel-10 8-Tx CB and Rel-12 4-Tx CB. The maximum PUCCH transmission should be no more than three.
Following those constraints, we propose the enhanced mode 2-1 with a new report type. By using the proposed approach, we can keep the number of PUCCH transmissions as three. In the first PUCCH transmission, the RI and the PTI are multiplexed, and additionally WB  are encoded as well. This will decrease RI coverage as compared to the legacy LTE due to the presence of  as long as a UE does not ramp its power. However, it should be noted that the legacy LTE supports the joint encoding of RI and first PMI in mode 1-1-2. If we multiplex the joint encoded RI and  with the additional PTI 1 bit, then the coverage still diminishes but not significant. We believe that it is not a critical issues because we can minimize the coverage reduction by carefully devising the joint encoding rate of RI and , so that the total payload for the PUCCH are kept as the legacy joint codeword of RI and first PMI.
The proposed mode 2-1 is described in the Table 2. Mostly it is the same as the legacy mode 2-1 except the introduction of new report type, i.e., RI+PTI+, and the exchange of legacy into . Except those changes, the remaining CSI reporting follows the legacy LTE procedure.
[bookmark: _GoBack]The first PUCCH transmission delivers RI+PTI+. In the case of PTI = 1, a UE performs WB reporting and SB reporting. Just as the legacy mode 2-1, a UE reports WB CQI(s) with WB . Between each WB reporting, the UE reports SB CQI(s) and SB while visiting each bandwidth part to capture SB CQI(s). In the case of PTI=0, a UE behaves the same as the legacy LTE mode 2-1 except the WB  instead of the WB .
[bookmark: _Ref430964327]Table 2 Proposed mode 2-1
	PTI=1
	PTI=0

	1 RI+(PTI=1)+WB 
2 WB CQI(s) + WB 
3 SB CQI(s) + SB + SB index
	1 RI+(PTI=0)+WB 
2 WB 
3 WB CQI(s) + WB 



Proposal:
· The enhanced report type includes RI+PTI+WB .
3 Conclusion
In this contribution, we mainly discuss the periodic CSI reporting for Rel-13 EBF. We make the following proposals.
Proposal:
· Use PUCCH format 2 for P-CSI reporting.
· The P-CSI reporting is comprised of at most three PUCCH transmissions, regardless of the configured mode. 
· The BI for Class B and the vPMI for Class A are equivalent in terms of CSI reporting.
· The enhanced report type includes 
· WB CQI(s) + WB  + WB + WB if submode 2 is introduced.
· WB  + WB if option 1 is introduced.
· RI+ WB if option 2 is introduced.
· RI+PTI+WB .
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