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1. Introduction

In RAN1#88, the agreement on channel reciprocity based CSI acquisition in January NR Ad Hoc meeting is updated as follows [1].
Agreements:

· Study the following DL CSI feedback, 

· For full channel reciprocity 

· Explicit interference feedback: e.g., Interference covariance matrix, diagonal elements of interference covariance matrix

· Implicit interference feedback: e.g., Interference PMI feedback

· Explicit channel feedback: e.g., CSI of multiple TRPs

· For partial channel reciprocity (e.g., more Rx ports than Tx ports at UE)

· Partial CSI feedback for eNB to acquire full CSI 
· Non-PMI feedback
· CSI contains RI and CQI
· FFS how RI and CQI are derived
· E.g., RI and CQI depend on a PMI which is selected from a defined codebook or a configured codebook subset
· UE may also calculate RI and CQI directly with estimated channel without assuming PMI from any predefined codebook, FFS spec impact
This document summarizes the proposals in tdocs [1-9] and the offline discussion on the topic of CSI acquisition for reciprocity based operation.  We divide the offline discussion into the cases with full channel reciprocity and partial channel reciprocity.
2. Summary of proposals
Non-PMI feedback related proposals:
· NR should support non-PMI feedback. CSI contains RI and CQI which depend on a PMI which is selected from a defined codebook[2]
· Consider gNB indication of precoder or PMI for CQI derivation in non-PMI feedback operation[3]

· If supporting no PMI feedback in full reciprocity case, single port based CQI reporting can be considered, no RI reporting.[9]
Partial reciprocity related proposals:

· For TDD system with partial reciprocity, partial CSI feedback should be supported for complete CSI acquisition dependent on rank. [1]
· Flexible W1 codebook should be considered taking into account different levels of channel reciprocity. [2]
· Port wise beamformed CSIRS and CQI calculation based on port selection can be considered as CSI reporting enhancement targeting TDD system[5].
· Study impact related to TX switching SRS transmission for UEs with asymmetric TX/RX chains[7]
· In order to get accurate CQI estimation, precoded CSI-RS based on UL CSI can be used in partial channel reciprocity case.[9]
SRS related proposals:
· Transmission of DL CSI-RS and SRS in the same slot for reciprocity based CSI measurement should be supported.[1]
· SRS resources can be shared among TRPs. SRS configuration parameters are UE specific [8]

Interference related proposals:

· Explicit interference feedback is not supported in NR. [7]
· The study of DL CSI interference feedback in reciprocity based operation considers available interference CSI from other sources including SRS [8] 
CSI framework related proposals:
· CSI framework using hybrid CSI is used for common CSI framework considering different levels of channel reciprocity. [2]
· A UE operating with full-reciprocity can be configured with 1 Resource setting with SRS for channel measurement. A UE operating with partial-reciprocity can be configured with 2 Resource settings with SRS and NZP CSI-RS, both for channel measurement[6]
· CSI reporting setting: Capability not to report (switch OFF) PMI is supported. CQI can be defined to convey interference estimation. [6]
· Resource setting: For channel measurement, include SRS in addition to NZP CSI-RS as Resource type. For interference measurement, ZP CSI-RS or DMRS can be used[6]
Explict feedback related proposals:
· NR supports Explicit channel feedback of CSI of multiple TRPs for TDD calibration operation [4]

· Explicit interference feedback is not supported in NR. [7]
3. Full channel reciprocity
For full channel reciprocity, non-PMI feedback can be used.  It is suggested to adopt the following proposal:
· Non-PMI feedback
· CSI contains RI and CQI
· CQI depends on RI and PMI which are selected from a defined codebook or a configured codebook subset but PMI is not fed back.
· UE may also calculate RI and CQI directly with estimated channel, FFS spec impact 
· FFS on other schemes
4. Partial channel reciprocity
· For the case of partial channel reciprocity (e.g., less Tx ports than Rx ports at UE, levels of reciprocity, non-ideal reciprocity), at least the following candidate schemes should be evaluated:
· Scheme 1: Partial CSI feedback
· Partial CSI is the information of the partial DL channel (e.g. partial DL channel vector/matrix or partial DL channel covariance matrix) which has no symmetric UL transmission due to no Tx ports corresponding to the Rx ports at UE
· Scheme 2: CSI feedback with beamed CSI-RS including CQI, RI and PMI
· Precoder for beamed CSI-RS is determined from CSI available at base station from SRS transmission
· PMI could be for a linear combination codebook
· Scheme 3: SRS switching
· SRS switching is used to obtain full channel information by multiple SRS transmission instants. Non-PMI CSI feedback can be used along with SRS switching.
· Scheme 4: Non-uniform beam sampling on codebook
· Configure different spatial resolutions in different spatial domain by CSR
· Combination of the above schemes can be considered 
Evaluation based on simulation assumptions in the Appendix is proposed.

It was suggested to have a reference scheme so that results can be compared.  One suggestion is to consider a reference scheme as below:

 

A UE  feeds back the singular vectors of the channel matrix (can be wideband or subband depending on the proposed scheme, e.g. if the proposed scheme uses subband precoding then the reference scheme should be sub-band also) precoding along with RI and CQI.  Feedback latency should be included for the reference scheme.

It was also suggested to clarify the following cases on how Tx antennas are connected to Tx chains when number of Tx ports is less than number of Rx ports:
a.      co-located antennas

b.      non-co-located antennas w/ same polarization

c.      non-co-located antennas w/o same polarization

It is suggested to agree on an UL/DL calibration model but the model has yet to be identified.
5. Conclusion
This document summarizes the proposals in tdocs [1-9] and the offline discussion on the topic of CSI acquisition for reciprocity based operation.  
A WF R1-1706574[10] has been proposed in this topic.
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Appendix A
Table A.1 Simulation Assumptions
	Parameters
	Values

	Duplex mode 
	TDD

	Carrier frequency 
	2GHz

	Simulation bandwidth
	10MHz

	Channel model
	3D UMI / UMA

	BS antenna configuration
	(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1); (dH, dV) = (0.8, 0.5)λ
Other configurations can be considered.

	BS TXRU mapping
	(MTXRU, NTXRU, P, Mg, Ng) = (2, 4, 2, 1, 1), (1, 4, 2, 1, 1), (1, 2, 2, 1, 1)
Other configurations can be considered.

	UE antenna configuration
	1T2R, 2T4R, 2T2R, Cross-polarized with 0, 90deg

	UE receiver noise figure
	9dB

	UE antenna gain
	Follow TR 36.873

	Traffic model
	Non-Full buffer, FTP model 1, 0.5MB packet size

	UE distribution
	80% Indoor, 20% Outdoor

	Scheduler
	PF

	HARQ scheme
	Maximum 4 retransmissions

	UE receiver type
	MMSE-IRC

	Channel estimation
	Ideal / non-ideal

	MIMO mode
	MU-MIMO with rank adaptation
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