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1 Introduction
[bookmark: OLE_LINK6][bookmark: OLE_LINK5][bookmark: OLE_LINK9][bookmark: OLE_LINK10]After the study item of Rel-13, a new WID proposal on Elevation beamforming/FD-MIMO was approved in RAN#68 meeting [1]. The work item aims to specify the enhancements identified for utilizing both elevation and azimuth domains with 2D antenna array with cross-poles at eNBs. The detailed objectives are as follows. 
· Specify enhancements on reference signal in the following areas [RAN1]
· Non-precoded CSI-RS, extending the existing numbers {1,2,4,8} of CSI-RS antenna ports for support of 12 and 16 CSI-RS ports, using full-port mapping
· Beamformed CSI-RS
· SRS capacity improvement
· Support for SRS transmission with 4TX antennas as a second priority
· Support of additional ports for DMRS targeting higher dimensional MU-MIMO
· The maximum number of DMRS ports that a UE may be able to receive is kept as 8
· Specify enhancements on CSI reporting in the following areas [RAN1]
· For non-precoded CSI-RS, codebook for 2D antenna arrays for support of {8,12,16} CSI-RS ports and associated necessary channel state information. 
· If there is not significant gain shown for new codebook for 8 CSI-RS ports, the current codebook for 8 CSI-RS ports is retained. 
· Necessary channel state information for beamformed CSI-RS
· Extension of Rel-12 CSI reporting mechanism for both periodic and aperiodic CSI reports
· Specify higher layer support of enhancements listed above [RAN2]
· Specify the necessary UE (if any) core requirements [RAN4]
To clarify periodic CSI types and reporting modes on PUCCH, we listed all possible schemes both for beamformed CSI-RS-based scheme and non-precoded CSI-RS-based scheme in this contribution.
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
For the beamformed CSI-RS-based scheme, eNB may need UE to report one vertical beam index when channel reciprocity is not reliable to use [2]. In this case, eNB may configure UE with multiple beams corresponding to CSI-RS resources, and UE chooses one preferred beam to report. Alternatively, UE can measure the non-precoded CSI-RS from eNB, and report one vertical PMI based on DFT codebook, which is restricted to rank 1. 
For non-precoded CSI-RS based scheme, Kronecker product of vertical precoding vector and existing precoding matrix can be considered for less standard effort and UE complexity. As elevation spread is very small, the vertical rank can be limited to 1. In this case, vertical PMI can be fed back independently with horizontal CSI where the CQI is the composite 3D CQI.
For all aforementioned schemes, we can assume one wideband vertical PMI need to be report besides existing CSI feedback. Therefore, PUCCH CQI and PMI feedback type can remain legacy forms as in 36.213 as below.
Table 7.2.2-1: CQI and PMI Feedback Types for PUCCH CSI reporting Modes
	
	
	PMI Feedback Type

	
	
	No PMI
	Single PMI

	PUCCH CQI
Feedback Type
	Wideband
(wideband CQI)
	Mode 1-0
	Mode 1-1
(including one vertical PMI)

	
	UE Selected
(subband CQI)
	Mode 2-0
	Mode 2-1
(including one vertical PMI)


 
To support one additional PMIV feedback, more CQI/PMI and RI reporting types for PUCCH CSI reporting modes should be considered, and three possible schemes can be considered as follows. 
· Alt1: Only Type 7 report supports PMIV feedback
Like as RI configuration, the period and relative offset for PMIV feedback should be configured by high layer. As the PMIV updated time always is longer than the RI updated time, the period of PMIV feedback can be multiple of RI feedback time. 
Pros.: This method is a straightforward and simple extension, and it can be used both for PUCCH mode 1-1 and 1-2. 
Cons.: Additional PUCCH transmission is necessary. 
· Alt2: Adaptively indicate PMIV feedback
Like as W1 report in PUCCH mode 2-1 of 8 CSI-RS ports and Rel-12 4 CSI-RS ports, 1 bit PTIV can be used to indicate whether PMIV will be fed back on next CSI report.
For PUCCH mode 1-1 submode 1, 1 bit PTIV can be transmitted jointly with RI/PMI1. Then, an additional Type 5a report is needed to support RI, PMI1 and 1 bit PTIV. 
For PUCCH mode 1-1 submode 2, 1 bit PTIV can be transmitted jointly with RI. Then, an additional Type 3a report is needed to support RI and1 bit PTIV.
[bookmark: OLE_LINK7]For PUCCH mode 2-1, based on our analysis for the variable probability of PMIV [3], PMIV usually remains unchanged, especially when horizontal wideband PMI (PMI1) is unchanged. Therefore, 1 bit PTIV can be transmitted jointly with PMI1 to further reduce unnecessary PTIV transmission. Then, an additional Type 2d report is needed to support PMI1 and1 bit PTIV. 
In this scheme, PMIV can be reported instead of next CSI report when PTIV indicate necessary report is needed. Besides Type 5a, Type 3a and Type 2d, Type 7 report is necessary to support PMIV feedback.
Pros.: PMIV is reported only when it is a necessary update, and there may not need additional PUCCH resource.
Cons.: The next CSI report will be impacted when PMIV is reported. However, since the PMIV update interval is very long, the impact is marginal. 
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Figure 1 Adaptively indicate PMIV feedback
· Alt3: PMIV report is joint with RI
Since PMIV feedback interval is much longer than RI period, it can be reported jointly with RI. However, this may lead to too much PUCCH payload in some cases, e.g. 4 bits PMIV + 4 bits RI/PTIV. To avoid this situation, partial PMIV can be transmitted with RI. By measure multiple RI report, eNB can combine multiple partial PMIV bits into complete PMIV information. As described in the Figure 2, 4 bits PMIV are split into 2 groups, and each group has 2 bits. UE can get the whole PMIV information based on two RI/PTIV measurements.
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Figure 2 Partial PMIV report is joint with RI 
[bookmark: OLE_LINK8][bookmark: OLE_LINK11]In this scheme, Type 3a report for RI/PMIV, Type 5a report for RI/PMI1/PMIV and Type 6a report for RI/PTI/PMIV should be considered for PUCCH mode 1-1 submode 2, PUCCH mode 1-1 submode 1, and PUCCH mode 2-1 respectively. 
Pros.: Only remaining bits of RI report are used, and additional PUCCH resource is unnecessary.
Cons.: PMIV report may be delayed as multiple partial transmissions. 
Based on our aforementioned analysis, Alt 1, Alt 2 and Alt 3 can be considered for the additional wideband PMIV feedback. To maximize feedback flexibility and to save PUCCH resource, different PUCCH mode can adopt different options. 
Proposal 1: Aforementioned three options can be considered to report vertical PMI.
For scheme based on hybrid beamformed CSI-RS and non-precoded CSI-RS, UE should measure the non-precoded CSI-RS firstly, and report vertical PMI based on rank1 DFT codebook. If independent vertical PMI feedback is adopted, i.e. additional PUCCH transmission is used to report PMIV, like as aforementioned Alt.1, multiple vertical CSI can be reported to eNB to increase scheduling flexibility, e.g. three preferred vertical beams with corresponding to CQI can be reported. Because of vertical channel characteristic, other two vertical beams often are adjacent with the most preferred beam corresponding to maximum CQI value. Then only the most preferred beam index and two CQI offset for other two beams are needed to report, where CQIv_2_offset = CQIv for the first beam – CQIv for the second beam. Since the CQIv for the first beam is largest, CQIv_2_offset and CQIv_3_offset can be assumed as zero or positive values, maybe 2 bits are enough. After compression, the PUCCH payload can be low enough.
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Figure 3 CSI feedback on one PUCCH transmission 
To support this transmission, the new Type 7a report can be considered for PMIv_1/ CQIv_2_offset/ CQIv_3_offset. 
Proposal 2: Vertical CSI report corresponding to multiple preferred beams can be considered at least for hybrid CSI-RS based scheme.
3 Conclusion
In this contribution, we provided some proposals on CSI feedback as 
Proposal 1: Aforementioned three options can be considered to report vertical PMI.
Proposal 2: Vertical CSI report corresponding to multiple preference beams can be considered at least for hybrid CSI-RS based scheme.
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