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1. Introduction
In RAN #68, the TR 36.897 [1] is approved and the work item “Study on Elevation Beamforming/Full-Dimension (FD) MIMO for LTE” was approved [2]. In order to support more than 8 CSI-RS ports such as 12 or 16 ports, the new codebook for 2D AAS should be introduced to enable the CSI feedback. In our companion contribution [3], the codebook is proposed, and in this contribution, we address our preference on periodic CSI reporting.
2. Discussion 
2.1 PMI split
In Rel-13, the increased number of TxU 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 hPMI in order to maintain the MU-MIMO performance in the horizontal domain, which means that the number of feedback bits for hPMI should be comparable to the previous releases. However, this increased bits for EBF possibly surpass the payload capacity of the PUCCH format 2.
This motivates the use of PUCCH format 3 for 2D-CSI feedback. The PUCCH format 3 is introduced to convey HARQ-ACK in the CA scenario and can deliver up to 21 bits in the TDD system. However, during the EBF study item phase, the downlink UPT gain is observed when there is a high traffic load, i.e., the number of UEs are large. This means that the PUCCH multiplexing capability is one of important factor in the CSI feedback for EBF. Intrinsically, the PUCCH format 3 has less multiplexing capability than the PUCCH format 2. The introduction of PUCCH format 3 for CSI feedback may not be useful for the EBF scenario. Instead, we should search for the ways to reuse PUCCH format 2 in the EBF scenario while keeping the same PUCCH multiplexing capability. Also, only 3 WG meetings are left for the EBF work item, this PUCCH format 2 based periodic CSI report will reduce the specification efforts.
The approach to design 2D-CSI feedback will be the way of splitting a 2D-PMI into segments so that PUCCH format 2 can carry. According to the TR 36.897, the 2D-PMI is chosen from the double codebook, and the 1st 2D-PMI and the 2nd 2D-PMI are the natural decomposition. The 1st 2D-PMI can be further split into two segments according to the TR 36.897, i.e., Xv and XH. Each segment may be chosen from the own codebook, and will represent the one dimensional CSI. Since this EBF wok item deals with 12 ports and 16 ports in both 2D dimensions, each segment of 1st 2D-PMI is not likely to require payload of more than 4 bits. It is important to notice that each 1st 2D-PMI segment can have different reporting period because each dimensional CSI has different coherence time.
By following the same principle, the 2nd 2D-PMI can be split into two segments because 2nd 2D-PMI should also capture hCSI and vCSI. The legacy 2nd PMI occupies 4 bits for only one dimensional CSI, and the 2nd 2D-PMI should be represented by more than 4 bits to maintain SU/MU-MIMO performance. We have a few choices listed below.
· Alt 1: One segment includes the first half bits, e.g., MSB is included, the other segment includes the second half bits, e.g., LSB is included, of the 2nd 2D-PMI bit fields.
· Alt 2-1: One segment captures 2nd vPMI and the other segment captures 2nd hPMI.
· Alt 2-2: One segment captures beam selection, and the other segment captures cophase.
In Alt 1, the long 2nd 2D-PMI bit field is split into half. By doing so, each segment is conveyed alternatively in the PUCCH format 2. The period of each segment becomes doubled, and it may be weak to UE mobility. Moreover, since CSI report types are loaded to PUCCH format 2 according to their priority, Alt 1 does not follow the legacy CSI feedback framework.
In Alt 2-1, each segment has different domain for CSI. One segment corresponds to the 2nd vPMI, and other segment corresponds to the 2nd hPMI. This may reduce the specification work because each segment can be an element of the legacy codebook and the existing PUCCH format 2 transmission could be reused. However, it is not very efficient because each segment plays the same role of beam selection and cophase. It should be noted that the cophase is defined to combine the signal from two polarization groups, and it is sufficient to perform only once. In Alt 2-2, one segment selects beams that are given by the 1st 2D-PMI, and the other segment selects cophases. This functional split may have different transmission period and different priority, as well as each segment may be included in one PUCCH format 2.
Proposal:
· [bookmark: OLE_LINK4][bookmark: OLE_LINK5]A 2D-PMI can be split into smaller segments to support the periodic CSI reporting based on PUCCH format 2.
2.2 CSI report type
In the current specification, multiple PUCCH format 2 are combined to form a CSI report. Each PUCCH format 2 includes own CSI report type, e.g., PMI segments, CQI(s) or RI, etc. As we describe in the previous section, the 2D-PMI may also be split into four segments, and this requires the introduction of new CSI report types.
In order to support periodic CSI report mode 1-1 for the double codebook, the current specification requires two PUCCH transmissions. In order to support periodic CSI report mode 2-1 for the double codebook, the current specification requires 3 PUCCH transmissions. The Table 1 summarized the current specification.
[bookmark: _Ref427343556]Table 1 PUCCH reporting for legacy periodic CSI report with RI/PMI
	PUCCH format 2
	Mode 1-1-1
	Mode 1-1-2
	Mode 2-1

	1st report type
	RI+WB W1 
	RI
	RI + PTI

	2nd report type
	WB CQI(s) + WB W2
	WB CQI(s) + WB W1 + WB W2 
	PTI=1: WB CQI(s) + WB W2

	
	
	
	PTI=0: WB W1

	3rd report type
	N/A
	N/A
	PTI=1: SB CQI(s) + SB W2

	
	
	
	PTI=0: WB CQI(s) + WB W2



When 2D-CSI is considered, the new dimension of vertical CSI is captured on top of the legacy periodic CSI reporting. The CSI payload might be doubled, but as we discussed in the previous section, the 2D-PMI can be split into four segments, and one or a few segments can be encoded in the same PUCCH format 2. However, the number of PUCCH transmission should not be increased too much. For example, 4 transmissions may have 20 ms latency at the shortest CQI report period. To this end, we should incorporate additional two 2D-PMI segments into the existing CSI report types by using up to 3 PUCCH transmissions.
Proposal:
· The maximum number of PUCCH transmissions for periodic 2D-CSI report are kept up to 3.

As in the Table 1, the 1st PUCCH transmission may have rooms for some bits. The RI occupies up to 3 bits, the PTI is 1 bit, and the WB W1 occupies up to 4 bits. Since the PUCCH format 2 can accept less than 13 bits, some additional bits can be encoded in the 1st PUCCH transmissions. In other words, one or two 2D-PMI segments can be combined into RI, which form a new CSI report type. Assuming that each segment consumes at most 4 bits, RI + two segments may consume at most 3+4+4=11 bits, and RI + PTI + one segment may consume at most 3+1+4=8 bits. For other CSI report types, adding one 2D-PMI segments with proper codebook subsamplings may not break the PUCCH payload capacity.
Proposal:
· The enhanced CSI report type should include RI + PTI, and a single PMI.
· [bookmark: _GoBack]The enhanced CSI report type should include RI, and two PMI segments.
3. Conclusion
In this contribution, we discussed potential enhancements for periodic CSI reporting to support the EBF, and make the following conclusion.

Proposal: 
· A 2D-PMI can be split into smaller segments to support the periodic CSI reporting based on PUCCH format 2.
· The number of PUCCH transmissions for periodic 2D-CSI report are kept up to 3.
· The enhanced CSI report type should include RI + PTI, and a single PMI.
· The enhanced CSI report type should include RI, and two PMI segments.
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