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1. Introduction

For CSI measurement agenda, several issues are discussed including reciprocity based CSI feedback and CSI measurement details. This contribution summarizes companies’ views on these issues.

In RAN1 NR AH#3 meeting, the following agreements are made for CSI measurement [1].

Agreement:

For non-PMI codebook, down-select one between the following alternatives

· Alt A: Port selection codebook is used for CQI calculation for non-PMI feedback

· Each column of each precoding matrix in the port selection codebook contains only one non-zero entry

· Codebook subset restriction is supported to indicate a single precoder per rank in the codebook used for CQI calculation

· FFS whether this indication can be done by using L1/L2 signaling or RRC signaling

· Support at least up to 8 CSI-RS ports and 8 layers

· Alt B: Port index indication is signaled to UE for RI/CQI calculation in non-PMI feedback

· Port index indication selects the CSI-RS port(s) used for RI/CQI calculation per rank

· Indentity matrix is assumed by UE on the selected CSI-RS ports for RI/CQI calculation

· N ports are selected for rank N

· FFS Signaling details e.g. whether this indication can be done by using L1/L2 signaling or RRC signaling

· Support up to 8 layers and at least up to 8 CSI-RS ports

· If down-selection between the above alternatives cannot be achieved until RAN1#90bis, it's up to editor how to capture Alt A or Alt B in specifications
Agreement:

UE can be configured with a set of NZP CSI-RS ports for interference measurement
· Downselect in next meeting for the following schemes:

· Alt.1, a single CSI-RS resource for both channel and interference measurement

· Alt.2, separately configured CSI-RS resources for channel and interference measurement 

· UE shall assume each port in the set corresponds to an interference layer  

· Note: It is up to gNB implementation to choose the precoder to apply on the NZP CSI-RS for IM

Agreement:

· Confirm the working assumption: NR supports semi-persistent IMR based on ZP CSI-RS for interference measurement for CSI feedback

The following four key issues on this agenda item are discussed online and offline.

2. Key issue 1: Reciprocity based CSI feedback
The first remaining issue is port selection formulation in non-PMI feedback. Companies’ views are summarized as follows.

· Alt A: Using port selection codebook 

· Supported by Nokia, NSB,  AT&T, ZTE, Sanechips (if it can be used for PMI feedback)
· Alt B: Using port index indication
· Supported by Ericsson, LG, Qualcomm, OPPO, ZTE, Sanechips (if port selection codebook cannot be used for PMI feedback)
Discussion point – Whether a port selection codebook is defined for PMI feedback?   

Alt A:    Port selection codebook is specified for both PMI feedback and non-PMI feedback

Alt B:    Port index indication is used for non-PMI feedback

Another open issue is the detailed signaling of port selection indication. Companies’ views are summarized as follows.

· Port selection indication can be signaled in DCI

· Supported by ZTE, Sanechips, Huawei, HiSilicon, Qualcomm, OPPO

· Port selection indication can only be signaled in RRC

· Supported by CATT, Ericsson, Nokia, NSB 

Based on the above summary, the following tentative proposal reflects (slight) majority view on non-PMI feedback.

Proposal 1:  Port index indication is signaled to UE for RI/CQI calculation in non-PMI feedback by DCI signaling.

We had online discussion on proposal 1 and the possible agreement below but no consensus has been reached.

Possible Agreement:

· Port index indication is signaled to UE for RI/CQI calculation in non-PMI feedback.

· Decide whether the signalling is done by DCI or RRC this week. If there is no consensus on DCI, RRC will be selected.

More offline discussion

In the offline session, further discussion was done on the possibility of using CSI framework to select CSI-RS resource for RRC configured port index.   After further offline discussion, a revised proposal [2] R1-1719006 on this issue is proposed:

Revised Proposal 1 (RRC related):

For non-PMI feedback, support the following port index indication method:
· Port index indication is signaled to UE for RI/CQI calculation in non-PMI feedback
· Port index indication per CSI-RS resource is configured by RRC to select the CSI-RS port(s) used for RI/CQI calculation per rank
· Identity matrix is assumed by UE on the selected CSI-RS ports for RI/CQI calculation
· N ports are selected for rank N
· The CSI-RS resource can be dynamically selected for CSI reporting in CSI framework
3. Key issue 2: Interference measurement

The first remaining issue is the detailed scheme for NZP CSI-RS based IMR. Companies’ views are given as follows.

· Alt 1: a single CSI-RS resource for both channel and interference measurement

· Supported by Huawei, HiSilicon, Intel, OPPO, Qualcomm, LG

· Alt 2: separately configured CSI-RS resources for channel and interference measurement 

· Supported by Intel, ZTE, Sanechips, vivo, Samsung, Spreadtrum, Ericsson, Sony

Two different interpretations are observed among proponents of Alt 1.

· CMR and IMR use the same CSI-RS ports in one CSI-RS resource

· Supported by Huawei, HiSilicon, Intel, OPPO

· CMR and IMR use different sets of CSI-RS ports in one CSI-RS resource

· Supported by Qualcomm, LG
Based on the above summary, it can be observed that there is no common understanding on how to Alt 1 works among its proponents. Hence we have the following proposal.

Proposal 2: For NZP CSI-RS based IMR, at least support Alt 2: separately configured CSI-RS resources for channel and interference measurement

· Further discuss detailed candidate scheme for Alt 1

The next open issue is whether DCI can be used to identify CMR and/or IMR. Companies’ views are summarized as follows.

· Support using DCI to indicate CSI-RS resource is used for CMR and/or IMR

· Supported by ZTE, Sanechips Spreadtrum

· Do not support using DCI to indicate CSI-RS resource is used for CMR and/or IMR

· Supported by Samsung

We had online discussion on proposal 2 and the possible agreement below but no consensus has been reached.

Possible Agreement:

For NZP CSI-RS based IMR, at least support Alt 2: separately configured CSI-RS resources for channel and interference measurement

More offline discussion

Revised Proposal 2:

A WF [3] has been proposed to support NZP CSI-RS based interference measurement by configuring a set of CSI-RS resource(s) to a UE for channel and interference measurements where network can indicate via DCI CSI-RS resource(s) for channel measurement and CSI-RS resource(s) for interference.  

The following offline agreement has been reached in the Tuesday offline session:

Offline Agreement:

· Configuration of resources for rate matching is separate from configuration of resources for interference measurement.

In Tuesday online session, the following agreement has been reached:

Agreement:

At least the following patterns are supported for ZP CSI-RS for IMR:
· One pattern from (2,1), (2,2), (4,1)
Alt-1a: Configurable among above three candidates

Supported by ZTE, Sanechips, Ericsson, NTT DCM

Alt-1b: Configurable between (2,2) and (4,1)

Supported by Qualcomm, LGE, ZTE, Sanechips, Ericsson, HW, HiSi, Intel
Alt-2: (4,1)

Supported by Samsung, Ericsson
Offline Working Assumption:
Support Alt-1b: Configurable between (2,2) and (4,1)
The following possible agreements have been discussed but no consensus has been reached:
Possible Agreement:
The following patterns are supported for ZP CSI-RS for IMR:
· Opt2. 6 adjacent REs (e.g. (6,1))

· Note: This pattern comes from the DMRS type 2

· Supported by ZTE, Sanechips, NTT DOCOMO

· Opt3. 6 non-adjacent REs with Comb2

· Note: This pattern comes from the DMRS type 1

· Supported by ZTE, Sanechips, NTT DOCOMO

· Opt4. 4 non-adjacent REs with 2 pairs of 2 adjacent REs

· Note: This pattern comes from the DMRS type 2

· Supported by ZTE, Sanechips, NTT DOCOMO
More offline discussions
4. Key issue 3: Measurement restriction and measurement subset

As MR is supported based on previous agreement, it’s natural that time-domain MR is supported. Moreover, it’s already agreed in RAN1 NR#3 that CSI reporting band can be a subset of the active BWP. The open issue is whether to support additional configuration of frequency domain MR. Companies views are summarized as follows.

· Do not support frequency domain MR configuration in addition to current agreements.

· Supported by Ericsson, Qualcomm, Samsung

Based on the summary, we have the following proposal.

Proposal 3: MR in time-domain is supported.  MR in frequency domain is not supported.
In Tuesday online session, Proposal 3 has been discussed and the conclusion is there is no need to make any agreement on not supporting frequency domain MR.
For time-domain MR, details have not been discussed yet. Two different Alts can be identified based on companies’ views

Proposal 3(RRC related):
Support one of the following time domain MR configuration for channel(P/SP-CSI-RS) and interference(P/SP-IM) measurement:

MR is ‘ON’ or ‘OFF’ configured by RRC 

- ON:   one slot
- OFF:  Up to UE implementation

Supported by Ericsson, Qualcomm, CATT, MediaTek, LGE
· A time window can be configured in MR

Supported by Huawei, HiSilicon, Samsung, ZTE, Sanechips
Time domain measurement subset has not been discussed yet.  More views are required on the following proposal:

Proposal 4 (RRC related):

· Time domain measurement subset is supported in NR
5. Key issue 4:  Remaining CSI framework related issues
Other CSI framework related issues are discussed offline.  One of the issues is aperiodic CSI-RS triggering.  The following proposal R1-1719007 [4] has been discussed online and offline:

 Proposal 5 (RRC/MAC+CE related):

Alt-1: Supported by ZTE, Sanechips, Samsung, LG Electronics, NTT DOCOMO, Qualcomm, Intel, ASTRI
· Aperiodic CSI-RS is triggered by RRC+DCI or RRC+MAC-CE+DCI
· Triggering is done per CSI-RS resource

· If number of RRC configured resources across all CCs is less than X, RRC+DCI is used.  Otherwise, RRC+MAC-CE+DCI is used.
· FFS on the value of X
Alt-2:  Supported by Ericsson, Huawei, HiSilicon
· Aperiodic CSI-RS is triggered by RRC+DCI or RRC+MAC-CE+DCI

· Triggering is done per CSI-RS resource set

· If number of RRC configured resource sets across all CCs is less than 2N, RRC+DCI is used.  Otherwise, RRC+MAC-CE+DCI is used.
· where N is the bitwidth of the trigger DCI field 

· FFS on the value of N
· If maximum number of RRC configured resource sets across all CCs is less than 2N, MAC-CE signalling is not specified.

Alt-3:
· Aperiodic CSI-RS is triggered by RRC+DCI or RRC+MAC-CE+DCI

· Triggering is done per CSI-RS resource set

· If number of RRC configured resource sets across all CCs is less than 2N, RRC+DCI is used.  Otherwise, RRC+MAC-CE+DCI is used.
· where N is the bitwidth of the trigger DCI field and N={0,1,2,3,4,5} is configured by RRC
To be discussed: Any RRC related issues on CSI framework
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