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Introduction
In RAN1 #84bis, the followings have been agreed and observed for CSI reporting for hybrid CSI-RS [1]:
Agreements:

· Specify at least one of the following enhancements on Rel.14 CSI reporting:

· One CSI process configured with 2 independent eMIMO-Types associated with different sets of parameters

· Each eMIMO-Type is associated with a set of K≥1 NZP CSI-RS resources

· Note that the 2 independent eMIMO-Types may be of the same Class

· Note that if it decided that the two independent eMIMO-Types are always of the same class, then only 1 eMIMO-Type with 2 different sets of parameters would be sufficient. 

· An additional mechanism for CSI calculation applied to a configuration with a pair of CSI processes each of which is configured with 1 eMIMO-Type

· Notes:

· This does not preclude the possibility of specifying a new eMIMO type in Rel-14 and the use of this new type for Hybrid CSI reporting 

· Down-selection (if any) between the two enhancements will be decided in RAN1#85

Observations:

The following alternatives have been discussed and may be studied: 

· Study the following alternatives for the CSI reporting for hybrid Class A and Class B K=1 FD-MIMO and compare with the baseline of Alt 1 including i2 and CQI

· Alt 1: Class A CSI with single i1 + RI

· Alt 2: Class A CSI with multiple i1 + RI

· Alt 3: Class A CSI with single i1 

· Alt 4: Class A CSI with multiple i1

· Note for the Alt 3-4 RI can be restricted to 1

· Note that any of the above alternatives may be reported with or without CQI and/or i2

· Note that the CSI measurement may be based on partial or whole set of CSI-RS ports

· Other alternatives and merging of alternatives are not precluded

· Study the following alternatives for the CSI reporting for hybrid Class B and Class B FD-MIMO and compare with the baseline of both Class Bs with full CSI

· Alt 1: The first Class B has K>1 with CRI, and optionally i1, second Class B has K =1

· Alt 2: The first Class B has K>1 with K independent CSI reports, second Class B has K =1

· Alt 3: The first Class B has K=1 with PMI, second Class B has K =1

· Alt 4: The first Class B has K>1 with CRI, and optionally i1, second Class B has K >1

· Alt 5: The first Class B has K>1 with K independent CSI reports, second Class B has K >1

· Alt 6: The first Class B has K=1 with PMI, second Class B has K >1

· Other alternatives and merging of alternatives are not precluded

In this contribution, we discuss on CSI reporting for hybrid CSI-RS.
2
Hybrid CSI reporting
The hybrid CSI reporting with different eMIMO-types have been supported from Rel-13 by configuring an independent CSI process for each eMIMO-type, which may require individual RRC configuration as well as higher CSI feedback overhead. To reduce unnecessary CSI feedback overhead and RRC signaling overhead, a hybrid CSI reporting with a single CSI process has been proposed as an enhancement of FD-MIMO.
Two eMIMO-Types can be used for hybrid CSI-RS configuration where the first CSI-RS configuration is non-precoded CSI-RS associated with Class A feedback and the second CSI-RS configuration is beamformed CSI-RS associated with Class B feedback and the first CSI-RS can be transmitted with longer duty cycle than that of the second CSI-RS. Assuming that the first CSI-RS configuration is based on 32 antenna ports and the second CSI-RS is based on 2 antenna ports, the CSI-RS overhead reduction could be significant if the first CSI-RS is transmitted with a longer duty cycle. Also, the CSI feedback overhead can be further reduced if a subband CSI (e.g., W2 and CQI) for the first CSI-RS configuration is not reported by UE as the Class A feedback is only used for wideband antenna virtualization for the second CSI-RS configuration.
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Figure 1. An example of hybrid CSI-RS configurations
Considering the abovementioned benefits of using a single CSI process with multiple eMIMO-Types, it is preferred to specify one CSI process configured with 2 independent eMIMO-Types associated with different sets of parameters in Rel-14 as an enhancement of FD-MIMO.

Proposal-1: specify one CSI process configured with 2 independent eMIMO-Types in Rel-14
The hybrid CSI reporting can provide the benefits in terms of the overhead reduction of CSI-RS and/or CSI feedback assuming that the first eMIMO-type is only used for a UE-specific wideband antenna virtualization. For example, the 32 ports non-precoded CSI-RS can be virtualized into 2 ports beamformed CSI-RS based on the Class A reporting from a UE. The UE reporting related to the antenna virtualization should be based on long-term special channel characteristics as it will be reported with longer cycle. Therefore, a subset of Class A feedback (e.g., W1 only) associated with non-precoded CSI-RS seems to be appropriate for the UE-specific antenna virtualization and virtualized antenna ports could be used for full Class B feedback (e.g., CQI/PMI/RI) associated with beamformed CSI-RS.   
The table 1 shows the performance of hybrid CSI reporting with Class A and Class B eMIMO-Types as compared with that of Class A only eMIMO-Type. As for the Class A only eMIMO type, the non-precoded CSI-RS with 32 antenna ports and its associated Class A reporting in every 10ms is used. The codebook for 32 antenna ports is simply extended from R13 FD-MIMO codebook. For the hybrid CSI reporting, the non-precoded CSI-RS with 32 antenna ports and Class A reporting in every 100ms while the beamformed CSI-RS with 2 antenna ports and its associated Class B reporting in every 10ms are used for evaluation. Therefore, overall CSI-RS overhead and CSI reporting overhead of hybrid CSI reporting is lower than that of Class A only scheme.
As an upper bound, SVD based precoding vectors obtained from wideband channel covariance matrix are reported without quantization instead of Class A reporting for antenna virtualization for Class B reporting and referred to as SVD + Class B in the table. The hybrid of Class A and Class B is referred to as Class A + Class B, where the W1 is approximated with SVD based precoding vectors obtained from wideband channel covariance matrix.
As seen in the table, the hybrid CSI can potentially provide a significant gain if the UE-specific antenna virtualization matrix is selected properly. The performance gain of the hybrid CSI reporting may be highly dependent on how to approximate SVD precoding vectors with W1 feedback. In the table, a UE selected W1 which has a minimum chordal distance from the SVD precoding vectors.
Table 1. Mean UPT [Mbps] of the schemes
	Scenario
	Loading
	Class A only
	SVD + Class B
	Class A + Class B

	3D UMa
	Low
	36.080
	45.878 (+27.2%)
	45.761 (+26.8%)

	
	Medium
	18.685
	24.535 (+31.3%)
	22.266 (+19.2%)

	
	High
	13.739
	19.192 (+39.7%)
	15.502 (+12.8%)


Observation: the hybrid CSI reporting can potentially provide a significant performance gain over Class A only reporting with reduced CSI-RS overhead as well as CSI feedback overhead
Proposal-2: hybrid CSI reporting of Class A and Class B eMIMO types should be supported in Rel-14 eFD-MIMO
3
Summary
In this contribution, we discussed on the hybrid CSI reporting scheme and evaluated the potential gain from the hybrid CSI reporting of Class A and Class B. From the discussions and observation, we propose the followings:

Proposal-1: specify one CSI process configured with 2 independent eMIMO-Types in Rel-14
Proposal-2: hybrid CSI reporting of Class A and Class B eMIMO types should be supported in Rel-14 eFD-MIMO 
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Annex

Table A. System Level Simulation Assumptions

	Parameter
	Assumption

	Network layout
	7-site 21-cell wraparound

	Channel model
	3D Urban Macro (3D-UMa) 2 GHz ISD 500 downtilt 100

	eNB antenna configuration
	(8,4,2) V4H8

	UE antenna configuration
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 cross-polarization, 0o/90o

	UE attachment
	RSRP on CRS port 0

	Number of UEs per cell
	10

	UE distribution
	uniformly dropped

	Traffic model
	non-full buffer FTP model 1, packet size 0.5M bytes 

	Scheduler
	proportional fair (PF)

	Transmission scheme
	SU-MIMO

	Codebook
	Class A: Rel-13 with O1 = O2 = 4, N1 = N2 = 4, Config. 2

Class B: Rel-13 K=1

	Link adaptation
	AMC with OLLA, 10% BLER target 

	Receiver 
	MMSE-IRC, ideal channel estimation, ideal interference  modelling

	Feedback
	Class A only: PUSCH 3-1, CQI and PMI reporting triggered every 10ms 

SVD/Class A + Class B: SVD/Class A PMI reported every 100 ms, Class B CQI/PMI/RI reported every 10 ms

	Receiver 
	feedback delay is 5 ms 

	Maximum number of HARQ retransmission
	4
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