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1 Introduction
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK9][bookmark: OLE_LINK10]Currently, hot topics to exploit the benefit of elevation beamforming or full-dimension MIMO are CSI-RS design and corresponding CSI feedback schemes. In RAN1#79 meeting, two main CSI-RS schemes were proposed as
· Precoded CSI-RS
· Independent CSI-RS 
In this contribution, we provide our views on these two schemes of CSI-RS. In addition, we discuss the requirement of periodic CSI feedback on PUCCH in our companion’s contribution [1].
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
Precoded CSI-RS
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]In RAN1#79 meeting, precoded CSI-RS was introduced in many contributions [2-5]. In this scheme, multiple CSI-RS resources are configured, and each CSI-RS is beamformed by one vertical vector, where vertical vectors can be derived from the DFT codebook, and each vertical beam represents one distinct vertical direction. By this method, UE can get the full channel information and compute an accurate CQI.

Figure 1 Diagram of precoded CSI-RS
As described in Figure1, the parameter (M, N, P, Q) of antenna array configuration is (8, 4, 2, Nvbeam*N*P), where Nvbeam equals the size of vertical codebook. eNB transmits Nvbeam CSI-RS sets, where each one is virtualized by one vertical beamformer, and each CSI-RS set has 8 antenna ports. Some grouped UEs, e.g. UE1 and UE2 can be configured with the same CSI-RS set.
In order to analyse the overhead of the precoded CSI-RS scheme, we did some simulations, and details of simulation assumption can be found in the appendix. As shown in Table 1, different sizes of DFT codebook are used to form different resolution of vertical beams, where one beam from DFT codebook represents one distinct vertical direction. From the comparison of performance results, we can see that the most performance gain is introduced from 16DFT vertical codebook, especially for cell edge users. In other words, higher resolution of vertical beams can introduce more accurate CSI measurement and feedback. However, the CSI-RS overhead will be linearly increased with the number of vertical beams increasing. Therefore, the problem of CSI-RS overhead should be considered carefully if the precoded CSI-RS scheme is introduced. 
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Proposal 1: The problem of CSI-RS overhead should be considered if the precoded CSI-RS scheme is introduced.
Table 1 Comparison of performance for different sizes of vertical DFT codebook in UMi 
	MxN
	Spectral efficiency
	16DFT
	8DFT
	4DFT

	8x4
	Cell SE
	3.36
	3.2
	2.87

	
	5% user SE
	0.086
	0.077
	0.06

	8x2
	Cell SE
	2.9
	2.75
	2.39

	
	5% user SE
	0.065
	0.063
	0.042

	8x1
	Cell SE
	2.52
	2.41
	2.07

	
	5% user SE
	0.048
	0.046
	0.032


Besides CSI-RS overhead, specification impact should also be considered to exploit elevation beamforming benefit. The precoded CSI-RS scheme can be implemented without any standard effort, i.e. legacy UEs can also obtain elevation beamforming gain. In this case, each UE can be configured with one or more CSI processes. For UEs with CoMP capability, at most three NZP CSI-RS resources and four CSI processes can be configured to measure multiple CSI-RS on different vertical beams and to report corresponding CSI to eNB, e.g. in Figure 1, three NZP CSI-RS resources on vertical beam 0, 1, 2, can be configured for UE1. Though this scheme does not require any changes to the standard, the CoMP transmission would be impacted as the maximum number of NZP CSI-RS and CSI processes is limited for legacy UEs.
Observation: The CoMP transmission would be impacted as the maximum number of NZP CSI-RS and CSI processes is limited in the precoded CSI-RS scheme.
Alternatively, to reduce UE measurement complexity and feedback overhead, eNB can choose only one best vertical beam for UE according to CSI-RS based RSRP report or uplink measurement. For optimal system performance, the inter-cell interference should also be taken into account when choosing the best vertical beam for one UE. However, only with the simple RSRP report or uplink measurement on one vertical beam, the knowledge is too lack to reflect the interference to other cells, and eNB lacks flexibility to avoid serious inter-cell interference. Normally, higher direction vertical beams often lead to larger inter-cell interference, even though these beams can provide best RSRP or CSI. eNB should try to avoid scheduling UEs on these beams especially in the scenario of high traffic load, instead, eNB can find other lower direction vertical beam if the RSRP or CQI value on the lower direction beam has small gap with the value on the high direction beam. So, multiple CSI information corresponding to multiple vertical beams can be fed back to increase the scheduling flexibility and to avoid serious interference. And then eNB can determine the final vertical beam based on interference, CSI feedbacks, etc. for data transmission.
Therefore, more precoded CSI-RS resources and corresponding CSI processes should be configured for UEs. However, this leads to large UE measurement complexity and feedback overhead. So we propose:
Proposal 2: Multiple CSI information corresponding to multiple vertical beams should be fed back to avoid serious interference and to increase the scheduling flexibility. Meanwhile, UE measurement complexity and feedback overhead should be reduced. 
Independent CSI-RS 
Except for the method of precoded CSI-RS, the independent CSI-RS scheme was also proposed in many companies’ contributions [6-10]. In this method, two one-dimensional array structures could be used to measure horizontal CSI and vertical CSI separately to reduce CSI-RS overhead. 
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]As described in Figure 2, in the first step, the two-dimensional antenna array is virtualized to one column antenna ports by a weighting factor Wh for every row, where Wh should ensure large coverage in horizontal domain, and can be adjusted by eNB. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK4]In the second step, the two-dimensional antenna array is virtualized to one row antenna ports by a weighting factor Wv for every column, where Wv should ensure large coverage in vertical domain, and can be adjusted by eNB.
By the virtualization with Wh and Wv, the transmit power of the reference signal can be boosted, and the coverage can also be extended. 
eNB can configure long period and short period for the first CSI-RS and the second CSI-RS respectively for further reducing the overhead since users often move slowly in vertical domain.
Straightforwardly, eNB can configure two CSI processes for the two independent CSI-RS measurement. Then eNB computes one 3D precoder by the Kronecker product according to the two independent CSI feedbacks, and recalculates a joint MCS/CQI for non-standard effort. However, it’s difficult for eNB to calculate an accurate CQI based on the two separate CSI feedbacks, and this will lead to much performance loss. 


To get accurate CQI and reduce UE feedback overhead, eNB can configure UE with one CSI process which includes both two CSI-RS measurement and feedback information, and then a joint CQI can be computed on UE side, e.g. according to measurement of Hv on vertical CSI-RS ports in step 1, UE calculates the vertical beamforming gain , where Wo is the best weighting factor derived from the vertical codebook or the principal right singular vector of Hv. UE also calculates another gain based on Hv and Wv. Comparing these two gain values, UE computes an offset. Based on the offset and the CSI obtained from step 2, UE can calculate a joint 3D-CQI. However, the standard effort is needed to support this joint measurement and feedback scheme. In addition, the number of rank in vertical domain can be limited, e.g. 1, because of small elevation angle spread. In this case, only vertical PMI should be fed back and remaining bits in existing PUCCH resources can be used for vertical PMI transmission as elaborated in [1]. To get these advantages, the standard enhancement should be considered. 
Proposal 3: Standard enhancement should be considered if the independent CSI-RS scheme is introduced.         
          
                   Step 1                                        Step 2
Figure 2 Illustration of independent CSI-RS scheme
3 Conclusion
In this contribution, we discussed two CSI-RS enhancement schemes and provide our views as below:
If the precoded CSI-RS scheme is introduced
Proposal 1: The problem of CSI-RS overhead should be considered if the precoded CSI-RS scheme is introduced. 
Proposal 2: Multiple CSI information corresponding to multiple vertical beams should be fed back to avoid serious interference and to increase the scheduling flexibility. Meanwhile, UE measurement complexity and feedback overhead should be reduced.
Observation: The CoMP transmission would be impacted as the maximum number of NZP CSI-RS and CSI processes is limited in the precoded CSI-RS scheme.
If the independent CSI-RS scheme is introduced
Proposal 3: Standard enhancement should be considered if the independent CSI-RS scheme is introduced. 
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5 Appendix
Table 2 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 [11][12]
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