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Introduction
In RAN1#89, it was decided that DL transmission scheme 2 is not explicitly supported, although mechanisms for CSI feedback assuming open-loop/semi-open-loop transmission are to be further discussed:
Agreements:
· For NR in Rel-15, DL transmission scheme 2 is not explicitly supported for unicast PDSCH in specification 
· Note: CSI feedback assuming open-loop/semi-open-loop and/or closed-loop transmissions is to be discussed separately

This contribution briefly summarizes the related documents submitted to the second 2017 RAN1 NR adhoc.  The proposals are broadly categorized, the available results identified, and possible next steps are proposed.
Schemes, Simulation Results, and Proposed Next Steps
Summaries of the proposals and simulations available in the contributions to this meeting for open-loop and semi-open loop CSI feedback [1]-[9] are provided in the Appendix.  We make the following observations on the proposed schemes and results:
[bookmark: _Hlk486503203]Observations:
· There are a variety of proposals to address open-loop and semi-loop loop operation:
· Solutions can be broadly categorized as:
· UE assumes a specified precoder cycling pattern is applied to CSI-RS ports
· Long term PMI may also be reported 
· Beamformed CSI-RS is used without a known cycling pattern
· CRI may be additionally used to select among CSI-RS with different cycling patterns
· UE recommends if precoder cycling should be used 
· Precoder cycling is supported by CSI feedback without PMI
· CSI feedback for closed loop transmissions is reused with transparent TxD
· Some proposals are currently at a high level, apparently intending further discussion/refinement 

· The relative performance of schemes is not yet clear:
· Simulation results are available from 3 companies.  Two companies evaluated system throughput gain (in [4] and [9]), resulting in different conclusions.
· Different simulation parameters may be affecting the alignment of results.
· For example, companies used different BLER targets (25% vs. 10%) as well as different scenarios

Given the observations, we propose:
Proposed Next Steps:
· Establish the gains of the proposals via system simulations
· Align simulation assumptions with respect to key parameters
· Further discuss benefits and potential schemes for spec-transparent and specified semi-open loop and open loop schemes 

Related Ways Forward
· 
References
[bookmark: _Ref486499702]R1-1710063, “Discussion on periodic and aperiodic CSI feedback”, CATT
[bookmark: _Ref486499710]R1-1710289, "CSI feedback for OL and semi-OL MIMO", LG Electronics
[bookmark: _Ref486499776]R1-1710290, "CSI feedback for closed loop and semi open loop transmission schemes", AT&T
[bookmark: _Ref486499785]R1-1710452, "CSI support for transparent precoder cycling", Samsung
[bookmark: _Ref486499913]R1-1711079, "CSI Feedback Design for NR MIMO", NTT DOCOMO, INC
[bookmark: _Ref486499755]R1-1711166, "On CSI feedback for open- or semi-open-loop transmission", Qualcomm Incorporated
[bookmark: _Ref486499882]R1-1711300, "CSI feedback in support of semi-open loop transmission", Nokia, Alcatel-Lucent Shanghai Bell
[bookmark: _Ref486499899]R1-1711405, "CSI acquisition for DL robust transmission", Huawei, HiSilicon
[bookmark: _Ref486499921]R1-1711027, "CSI feedback and Transparent PDSCH TxD", Ericsson
Appendix
Contribution Summary:
	Company
	Proposals
	Simulation Results

	CATT [1]
	Support semi-open-loop CSI feedback with wideband W1 report, under the hypothesis of PRG-level W2 cycling.
	

	LGE [2]
	Proposal 1: For non-hybrid CSI feedback for semi-OL, reporting set {RI, CQI, parts of channel direction information (e.g. CRI, W11 or W1)} is configured and cycling beams are indicated by CBSR.

Proposal 2: For hybrid CSI feedback for semi-OL, reporting set 1 {parts of channel direction information (e.g. CRI, W11 or W1)} and reporting set 2 {RI, CQI} are configured, and UE applies cycling of BF CSIRS resources when calculating RI and CQI of reporting set 2 assuming PMI=.
Proposal 3: Primary design target of CSI enhancement for (semi-)OL MIMO is rank 1 and rank 2 transmissions.
	

	AT&T [3]
	Proposal 1:  For efficient transition between closed loop MIMO and PRG precoder cycling, the CSI report should indicate the a speed metric of the UE
Proposal 2:  For efficient transition between closed loop MIMO and PRG precoder cycling, the CSI report should indicate a recommendation from the UE about which mode it prefers
	Spectral efficiency vs. Doppler for closed loop vs precoder cycling

	Samsung [4]
	· Support additional specification support of CSI for transparent diversity scheme. 
· Support CSI which is optimized to transmission scheme 2. 
· Partial PMI.
· CQI based on PRB level precoder cycling.
	System level simulations of gain with and without CSI knowledge 

	DOCOMO [5]
	Proposal 1: For NR semi-open-loop MIMO, precoder cycling set / pattern could be applied on beamformed CSI-RS. Unified feedback content design for close-loop and semi-open-loop MIMO could be considered.
	

	Qualcomm [6]
	Proposal 1: NR considers no PMI feedback as a baseline for TS2. Companies should strive to provide simulation results of how much benefit can be obtained from having partial or full PMI reporting.
Proposal 2: Companies should provide simulation results on the candidate CQI computation schemes. 
	

	Nokia [7]
	Proposal 1: Consider to support RBG level PMI averaging based CQI calculation and reporting to enable robust transmission.
· Other simpler averaging method is not precluded, e.g using identity matrix as precoding vector. 
Proposal 2: Consider to support wideband W1 feedback and related CQI reporting based on W2 cycling selection with RBG basis.
	

	Huawei [8]
	Proposal 1: Following the agreement of no explicitly supporting DL transmission scheme 2, the related CSI feedback for open/semi open loop should NOT be supported.

Proposal 2: CSI feedback for closed loop transmissions can be reused for the high speed scenarios, and there is no need to introduce CSI feedback specific for open/semi –loop transmission.
	

	Ericsson [9]
	· Consider further whether additions are needed to the mechanisms already supported in the NR CSI framework in order to support open loop or semi-open loop operation in NR.
	System level simulations of gain with and without CSI knowledge
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