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1. Introduction
As referred in [1], 2D antenna array with 8 or more TXRUs will be used to exploit the potential elevation beamforming benefit. In order to get the 3D channel information, UE needs to measure and report the CSI information both in azimuth and elevation. In this contribution, we discussed the need for CSI feedback enhancement.
2. Discussion
The codebook design and CSI feedback is highly correlated to the CSI-RS design scheme, so different CSI feedback enhancement schemes should be considered based on the potential CSI-RS schemes.
2.1. Need for CSI feedback enhancement
There are several potential CSI-RS and feedback enhancement schemes confirmed as agreements in RAN1#80 meeting [2], based on these schemes, we analyse the necessity for CSI feedback enhancement.
Related to beamformed CSI-RS-based schemes
For beamformed CSI-RS-based schemes, CSI-RS can be virtualized by different vertical vectors, and each vector represents one vertical direction. After the vertical beam selection, the UE can obtain full channel information and compute an accurate 3D-CQI. So the major issue is the vertical beam selection.
For legacy UE, the vertical beam can be chosen according to CSI-RS based RSRP report. This standard transparent scheme can be introduced as baseline. In this scheme, the related DRS for RSRP measurement should be configured for different vertical beams, and additional RSRP report overhead is inevitable. In addition, the impact on latency and eNB-UE ambiguity during RRC reconfiguration also needs to be considered.
For a Rel-13 UE, the vertical PMI corresponding to the best one or several vertical beams can be reported coupled with at least one horizontal channel information instead of RSRP report. Based on this scheme, the vertical beam can be selected more accurately and promptly. The vertical PMI can be reported periodically or adaptively on PUCCH, and the remaining payload on PUCCH can be used without additional feedback payload, as described in section 2.2
Related to non-precoded CSI-RS-based schemes
For the non-precoded CSI-RS-based schemes, straightforward extension of the CSI-RS ports number needs new codebook design, this will cost too much standard effort, and UE measurement complexity will increase dramatically.
Alternatively, the 2D antenna array can be virtualized to one column and one row antenna ports respectively, and two CSI processes can be configured for the two independent CSI-RS measurement. eNB can compute one 3D precoder by kronecker product according to the two independent CSI feedbacks, and recalculates a joint MCS/CQI with no standard effort if the CSI-RS ports number not exceeding 8 in each dimension. But it’s difficult for eNB to calculate an accurate CQI based on the two separate CSI feedbacks. 
In RAN1#80 meeting, the introduction of more than 8 CSI-RS ports per CSI process was agreed. After all, the standard effort is required as the existing standard can only support up to 8 CSI-RS ports per CSI process. With more available CSI-RS ports per CSI process, eNB can configure UE with one process which includes both two CSI-RS measurement and feedback information for horizontal and vertical domain respectively, then a joint 3D-CQI can be computed on UE side, as elaborated in our company’s contribution [3]. In this way, the CQI can be measured more accurately, and can be reported without additional feedback bit. In addition, as the elevation angle spread is small, the vertical rank number can be assumed to be limited, e.g. 1, there is no need to report the vertical RI. So the major feedback enhancement issue for non-precoded CSI-RS-based schemes is the additional vertical PMI feedback.
Related to schemes based on hybrid beamformed CSI-RS and non-precoded CSI-RS
Except for above two CSI-RS enhancement schemes, a hybrid beamformed CSI-RS is proposed in [4]. In this scheme, the first non-proceded CSI-RS is used to obtain CSI in vertical dimension, and then eNB uses the vertical feedback PMI to make UE specific precoding for the second CSI-RS. UE can obtain full channel information and compute an accurate 3D-CQI. This scheme may need less feedback overhead compared with non-precoded CSI-RS-based schemes, and more accurate CSI measurement and better beam selection compared with the beamformed CSI-RS-based schemes. But the enormous CSI-RS overhead may be unacceptable because of UE specific precoding for the second CSI-RS. Anyway, similar with the beamformed CSI-RS-based schemes, the major issue is the vertical PMI feedback in order to obtain the UE specific precoder for the second CSI-RS. 
According to above discussion on these candidate CSI-RS enhancement schemes, we propose that:
Proposal 1: Vertical PMI feedback should be introduced for Rel-13 UE.
2.2. Vertical PMI feedback enhancement
From the performance evaluation of different vertical codebook sizes shown in the simulation result of our company’s contribution [3], we can see that throughput decreases significantly as the vertical codebook size reduces. However, the payload size is limited for CSI report in the existing feedback scheme [5], especially for the periodic report on PUCCH. So considering the trade-off between the system performance and the CSI feedback payload limitation, the CSI feedback enhancement should be considered carefully.
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Based on the simulation assumption in Table 3 of Appendix, we analyse the average feedback intervals for RI, horizontal wideband PMI (PMI1) and vertical PMI (PMIv). As the difference between azimuth and elevation, such as the angle spread, user distribution, user mobility and so on, the channel characteristic on vertical domain is different from the horizontal one. One of the differences is that the necessary update interval of vertical PMI is much longer than that in horizontal domain, as shown in Table 1.
Table 1 Average update interval
	CSI
	Average update interval (ms)

	RI
	588.7

	PMI1
	139.2

	PMIv
	858.6


We also analyse the variable probability of vertical PMI in some conditions. As shown in Table 2, we list the unchanged probability of vertical PMI (PMIv) when horizontal wideband PMI (PMI1) changed/unchanged, RI changed, and both RI and PMI1 changed. We can observe that vertical PMI (PMIv) usually remains unchanged, especially when horizontal wideband PMI (PMI1) unchanged. Therefore, it’s unnecessary to update vertical PMI when horizontal channel information (e.g. horizontal wideband PMI) unchanged.
Table 2 Statistical variable probability
	Conditions
	PMIv unchanged probability 
	PMIv changed probability 

	PMI1 unchanged
	97.44%
	2.56%

	PMI1 changed
	87.75%
	12.25%

	RI changed
	83.32%
	16.68%

	Both RI and PMI1 changed
	83.08%
	16.92%


Observation: The necessary update interval of vertical PMI feedback is much longer than that of horizontal domain. And the vertical PMI usually remains unchanged when horizontal wideband PMI unchanged.
In current feedback scheme [5], the maximum bit number for CQI feedback on PUCCH is 11, and there are only 5 bits of RI feedback for higher reliability requirement. Since there are redundant payload bits in many CSI feedback types, especially for RI feedback, we can use these redundant bits for vertical PMI feedback within the payload in order to reduce the feedback payload in PUCCH.
In addition, the necessary update interval of vertical PMI is much longer, and on the other hand, the fixed period of vertical PMI feedback may not achieve the optimal performance. So the vertical PMI can be reported when necessary, e.g. with an indicator, similar as the feedback of horizontal wideband channel information.
Proposal 3: Based on current feedback scheme, vertical PMI can be reported when necessary with an indicator or piggyback on redundant feedback payload.
3. Conclusion
In this contribution, the potential CSI feedback enhancement for Elevation Beamforming and Full-Dimension MIMO is discussed, and we observe:
Observation: The necessary update interval of vertical PMI feedback is much longer than that of horizontal domain. And the vertical PMI usually remains unchanged when horizontal wideband PMI unchanged.
Based on the discussion of vertical PMI feedback, we propose:
Proposal 1: Vertical PMI feedback should be introduced for Rel-13 UE.
Proposal 2: CSI feedback enhancement should be considered carefully considering the trade-off between the performance and the feedback payload size, especially for the report on PUCCH.
Proposal 3: Based on current feedback scheme, vertical PMI can be reported when necessary with an indicator or reported on redundant feedback payload.
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5. Appendix
Table 3 Simulation assumption
	Duplex
	FDD

	Traffic model
	Full buffer

	TXRU virtualization model
	The full-connection model

	Cell association weights
	CRS port 0 associate with the first single element

	Cell association method
	RSRP on CRS port 0

	CSI feedback period
	5ms

	Wrapping method
	Geographical distance based

	Channel estimation
	Ideal

	Feedback
	PUSCH 3-1

	Number of UE receive antennas
	2

	Rank
	SU-MIMO Rank 1/2 adaption

	Others
	Based on [7][8]



