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1 Introduction
In RAN meeting #71, the work item on Enhancements on Full-dimension (FD) MIMO was agreed for Release 14. One of the key objective in WID [1] is CSI reporting for hybrid CSI-RS. In RAN1#85 meeting, the potential CSI reporting had been summarized with the following mechanisms: 
	Working assumption:
· Mechanism 1: Hybrid CSI is realized by with one CSI process, support at least CLASS A for the 1st eMIMO-Type and CLASS B with K=1 CSI-RS resource for the 2nd eMIMO-Type

· i1 is reported while CQI and i2 are not reported for the 1st eMIMO-Type (CLASS A)

· FFS: whether RI is reported for CLASS A 

· CQI/PMI/RI are reported for the 2nd eMIMO-Type (CLASS B K=1)

· At least one more mechanism is supported, to be discussed in RAN1#86
Conclusion:

· Candidate mechanisms to consider in RAN1#86

· Mechanism 2A: for hybrid CSI with one CSI process, support CLASS B with K≥1 CSI-RS resources for the 1st eMIMO-Type and CLASS B with K=1 CSI-RS resources for the 2nd eMIMO-Type

· For the 1st eMIMO-Type, depending on the value of K

· K=1: CQI/RI are reported. In addition, i1 is reported for Rel.12 dual-stage codebooks 

· K>1: two options

· Option 1: CRI is reported

· Option 2: PMI/RI for each CSI-RS resource are reported 

· For the 2nd eMIMO-Type

· CQI/PMI/RI are reported

· Mechanism 2B: for hybrid CSI with one CSI process, support CLASS B with K≥1 CSI-RS resources for the 1st eMIMO-Type and CLASS B with K=1 CSI-RS resources for the 2nd eMIMO-Type

· For the 1st eMIMO-Type, depending on the value of K

· K=1: 

· Option 1: i1 is reported for Rel.12 codebooks (when applicable) or i2 for Rel.13 CLASS B codebooks

· Option 2: CQI/RI are reported. In addition, PMI is reported for Rel.13 CLASS B codebooks 

· K>1: two options

· Option 1: CRI is reported

· Option 2: PMI/RI for each CSI-RS resource are reported 

· For the 2nd eMIMO-Type

· CQI/PMI/RI are reported

· Mechanism 3:  for hybrid CSI with one CSI process, CLASS A or CLASS B K=1 for the 1st eMIMO-Type and CLASS B K>1 for the 2nd eMIMO-Type

· For the 1st eMIMO-Type: i1 is reported 

· For the 2nd eMIMO-Type:  two options

· Option 1: CRI and CQI/PMI/RI for the recommended CSI-RS resource are reported

· Option 2: CQI/PMI/RI for a CSI-RS resource 

· Mechanism 4: Hybrid CSI reporting with CSI process pair 

· UE calculates CSI for only one CSI process at a time

· Mechanism 5: the proposal in R1-165617

· Other mechanisms are not precluded

· Down select from the above mechanisms and/or options in RAN1#86

· Each proposal should include clear description on use case(s) and specification impact

· For CLASS B K=1, proponent needs to clarify whether both codebook options are applicable for not.


In this contribution, we provide our viewpoint for some of above mentioned mechanisms and also present system level evaluation results.  
2 Discussion
The UE-specific beamformed CSI-RS utilizes beamforming technology concentrating signal’s power formed to a user equipment’s (UE’s) direction and then the UE obtains beamforming gain to increase system performance. Hence, the UE’s direction is necessary information for eNB to implement beamforming. In time division duplex (TDD) mode, eNB acquires the UE’s direction by SRS transmitted from the UE according to the reciprocity property of TDD channel. In frequency division duplex (FDD) mode, eNB utilizes CSI-RS transmitted to UE, and UE feedbacks beam-relevant information. However, the detail of procedure is not clear in FD-MIMO. Hence, we introduce CSI reporting for hybrid CSI-RS with two stage eMIMO-type where the first stage could be class A, class B with K>1, or class B with K=1. The first stage is long term periodic transmission which aims to perform beam search, while the second stage is UE-specific beamformed CSI-RS where the direction is obtained by the 1st stage’s feedback.
However, different reporting periodicity of the 1st stage eMIMO-type may influence performance among mechanisms. For example, comparing to CLASS B with K=1, CLASS A has up to 32 CSI-RS ports where higher CSI-RS overhead leads to throughput loss because of less data transmission. If we extend periodicity of the 1st stage eMIMO-type enough, the both cases have similar average CSI-RS overhead. In this case, when CSI-RS overhead is not an issue, the CLASS A may have better performance. This is because CLASS A has higher spatial resolution according to i1 reporting, while CLASS B has 8 beam directions at most.
Proposal 1: Consider different periodicity of the 1st stage eMIMO-type among mechanisms.
For example, evaluation results compare the performance of the conventional class A as baseline and mechanism 1 with different reporting periodicity {20ms, 50ms, 100ms, 200ms} of the 1st stage. i1 and RI are reported for the 1st eMIMO-Type (CLASS A), while i2 and CQI are reported for the 2st eMIMO-Type (CLASS B K=1). In the evaluation, the antenna port configuration with N1 = 4, N2 = 2 and 16 TXRUs is assumed. The full-buffer traffic model was used in the simulations. Figure 1-(a) and 1-(b) show the performance in UMi ISD 200m and in UMa ISD 500m scenario, respectively. It can be seen that the performance of mechanism 1 can be improved when CSI-RS overhead is an issue in class A. Besides, when reporting periodicity of the 1st stage is 200ms, the performance will be a slightly decrease because UE’s direction may not be traced immediately. Based on the discussion above and the presented simulation results, the following observation is made for hybrid CSI reporting:
Observation: Reporting periodicity and CSI-RS overhead of the 1st stage have an impact on performance. 
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Figure 1. Evaluation results of mechanism 1 with different reporting periodicity of the 1st stage
3 Conclusions
In this contribution, we have discussed CSI reporting for hybrid CSI-RS. In particular, we propose the following:
Observation: Reporting periodicity and CSI-RS overhead of the 1st stage have an impact on performance. 
Proposal 1: Consider different periodicity of the 1st stage eMIMO-type among mechanisms.
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Appendix: Evaluation Assumptions

	Parameters
	Values

	Central Frequency
	2GHz

	Homogeneous scenarios
	3D-UMa with ISD 500m; 3D-UMi with ISD 200m

	Operating bandwidth (BW)
	10MHz

	Tx Power
	46dBm for 3D-UMa, 41dBm for 3D-UMi

	UE Speed
	3Km/h

	UE attachment
	Based on RSRP from CRS port 0

	UE distribution
	According to TR36.873

	BS antenna configuration
	(M, N, P, Q): (8, 4, 2, 64)

(N1,N2,O1,O2): (4,2,8,4)

X-pol (+/-45), 0.5λ and 0.8λ spacing separately for horizontal dimension and vertical dimension

	UE antenna configuration
	2 Rx cross-polarized antenna (0/+90)

	TXRU virtualization
	1D Subarray

	PMI
	Kronecker product based 16Tx codebook

	Scheduler
	Subband PF

	Transmit Mode
	TM10 with a single CSI process; SU-MIMO with rank adaptation

	Maximum number of retransmissions
	4

	Traffic model
	Full Buffer

	Receiver
	Practical MMSE-IRC

	Duplex Mode
	FDD 

	Feedback Assumption
	PUSCH 3-2 for non-reciprocity operation

	
	CQI and PMI reporting triggered per 5ms

	
	Feedback delay is 5 ms

	
	Codebook based feedback

	Wrapping method
	Geographical distance based

	Handover margin
	3 dB
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