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1 Introduction
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]To clarify periodic CSI types and reporting modes on PUCCH, we listed all possible schemes for additionally vertical PMI feedback in this contribution.
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
For BF CSI-RS-based scheme, eNB may need UE to report one vertical beam index, especially in the so called cell specific BF scheme [1]. In this case, eNB may configure UE with multiple beams corresponding to CSI-RS resources, and UE chooses one preferred beam index to report. 
For NP CSI-RS based scheme, Kronecker product of vertical precoding vector and existing precoding matrix can be considered for less standard effort and UE complexity. In this case, vertical PMI can be fed back independently with horizontal CSI where the CQI is the composite 3D CQI.
For 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 [2], 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 measuring 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 
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 modes can adopt different options. 
Proposal: Aforementioned three options can be considered to report vertical PMI.
3 Conclusion
In this contribution, we provided proposal on CSI feedback as 
Proposal: Aforementioned three options can be considered to report vertical PMI.
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