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1 Introduction  

In this contribution, we summarize views on remaining issues of CSI measurement.
2 Remaining issues on CSI measurement

2.1    Issue 1 - Aperiodic CSI/CSI-RS triggering
	Agreements:
· Confirm the working assumption with the following refinement 

· N = {0, 1, 2, …, Nmax}  is configurable via RRC signaling

· Decide in RAN1#91 the value of Nmax from one of {3,4,5,6,7,8} taking into account both carrier aggregation and MIMO aspects 

· Note: N is the bitwidth of a CSI request field in DCI which includes signaling at least the triggering of CSI report setting(s) and/or aperiodic CSI-RS resource set(s) for channel and/or interference measurement on one or more CCs. 

· When the number of RRC configured CSI triggering states for the CSI request field Sc >2^N–1, MAC CE activation signaling maps the (2^N–1) code points of the CSI request field to a subset of the Sc RRC configured CSI triggering states. 

· If Sc <2^N, MAC CE activation does not apply 

Confirmed Working Assumption:

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

· 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.

· FFS on the value of N

· The triggering is done per CSI-RS resource set



Questions related to issue 1:

a) The value of Nmax
b) Whether P/SP CSI-RS resource set can be also contained in trigger state configuration
c) Whether N and CSI trigger states can be configurable per CORESET

d) Whether to allow and how to trigger multiple sets for A-CSI-RS by single CSI trigger
e) Whether to allow A-CSI-RS triggering without report and how

f) Whether this trigger field can be in both UL related DCI and DL related DCI
g) Details of RRC and MAC-CE signaling e.g. using bitmaps
Comments and suggestions for other remaining issues on aperiodic CSI/A-CSI-RS triggering:
	Company
	Comments 

	ZTE, Sanechips
	a) Nmax=5
b) P/SP CSI-RS resource set can be also contained in trigger state configuration
c) N and CSI trigger states are configurable per CORESET

d) Allow triggering multiple sets for A-CSI-RS by single CSI trigger for multiple CCs/BWPs

e) Allow A-CSI-RS triggering without report (to support P3).  ReportConfig is not configured in the corresponding triggering states and/or links.

f) Can be both DL related DCI and UL related DCI.  For DL related DCI, it can be used for A-CSI-RS triggering only or A-CSI on PUCCH.
g) Resource setting and ReportConfig are linked in MeasLinkConfig. In each trigger state, a bitmap for the configured links and a bitmap for selection of resource sets in each linked resource setting are configured.  MAC CE are respectively used to map DCI codepoints to a subset of trigger states.

	LGE
	a) Nmax=5
b) The linkage between P/SP CSI-RS resource set and aperiodic CSI reporting should be already set by CSI framework related RRC signaling, which is independent IE from the trigger state configuration IE.  So, in trigger state configuration, in this case, ‘CSI reporting setting only’ seems sufficient to be included, e.g., activation of SP CSI-RS resource set is not contained in A-CSI triggering state.

c) Though gNB Tx beam can be different per CORESET, it seems not necessary to allow configuring N and CSI trigger states differently per CORESET

d) If multiple CSI reporting settings are triggered, multiple sets of A-CSI-RS can also be triggered (each associated with the corresponding CSI reporting setting).
e) Allow A-CSI-RS triggering without report at least for P-3. A triggering state can directly point to a resource set that has no linkage with any reporting settings by RRC.
f) UL related DCI only if only joint encoding with A-CSI-request is allowed as agreed so far. If decoupling of A-CSI-RS triggering DCI with A-CSI-request DCI is supported in the future, it is considerable to locate A-CSI-RS triggering DCI in DL related DCI since CSI-RS can be multiplexed with PDSCH symbols.


	CATT
	a) Nmax=5

b) This is triggering state configuration for AP CSI-RS. The use case of configuring P/SP CSI-RS resource set in the trigger state is not clear.

c) Use case of per CORESET configuration is not clear.

d) Not sure about use case, for multiple CC/BWPs it can be separate triggering message.

e) Allow 

f) Both DL and UL related DCI

g) RRC signalling structure for resource settings, links and reporting settings need to discuss. It should be discussed in RAN2.

	Ericsson
	a) Nmax=6
b) Aperiodic trigger state of CSI request field points only to a CSI Report Setting, but that CSI Report Setting may be linked to a P/SP Resource Setting in MeasConfig in RRC. Triggering an A-CSI report which is linked to a non-active SP CSI-RS resource set shall not be expected by the UE. 

c) We see no need of having per CORESET configuration of N and CSI trigger states

d) Single CSI trigger state can trigger multiple CSI reports (where the different CSI reports may or may not be for different CCs), where each CSI report can trigger an ap-CSI-RS resource set for channel measurement. There is thus a one-to-on mapping between triggered CSI report and triggered CSI-RS resource set for channel measurement. However, in case of NZP based IM, one CSI report could trigger on resource set for CM and another resource set for IM. So a single report could trigger two ap CSI-RS reources in this case.

e) Yes for instance for P3. This could be achieved by adding “No Report” as a possible value for reportQuantity of the CSI report setting. Thus a CSI report setting is still triggered, but no report is fed back. This is to simplify RRC structure.

f) Yes, trigger field is in UL-related DCI for A-CSI on PUSCH and DL-related DCI for A-CSI on short PUCCH.

g) This is a RAN2 issue and should not be discussed in RAN1. RAN1 should only present RAN2 with what functionality is needed.

	Huwei, HiSi
	a) For aperiodic CSI reporting based on periodic/semi-persistent CSI-RS, the triggering state in the CSI request field of the DCI indicates only CSI reporting setting and/or a pair of CSI-measure-link, and no resource set indication is needed.
f) For aperiodic CSI reporting on short PUCCH, support DL-related DCI based triggering mechanism.
g) For aperiodic CSI reporting based on aperiodic CSI-RS, CSI-request triggering state in DCI should include {CSI reporting setting, resource set for channel measurement, resource set for interference measurement }, or {CSI reporting setting, CSI-measure-link1, resource set for channel measurement, CSI-measure-link2, resource set for interference measurement}.

	Samsung
	a) Nmax = 5
g) When 2N < SC, a size-SC bitmap is signaled via MAC CE to indicate the 2N selected CSI-RS resource sets. The value of N is RRC configured.

	Qualcomm
	a) Nmax = 5
b) The trigger state can contain a P-CSI-RS resource set if it is linked with the associated CSI reporting setting.  But for SP-CSI-RS resource set, it needs more discussion on the UE behaviour in case of SP-CSI-RS activation/deactivation.
c) No need to configure N and CSI trigger states for each CORESET.
d) In case of single CSI trigger containing multiple sets of A-CSI-RS, each set of A-CSI-RS shall be used for one CSI report.
e) Allow triggering A-CSI-RS for beam mgmt. without report only for P3 procedure.
f) This issue should be discussed in control channel/scheduling session.
g) Agree with Ericsson that it should be decided by RAN2.


Proposal 1: 
Offline agreement:
· Nmax=6 

· Including both CMR and/or NZP/ZP CSI-RS based IMR
· Support triggering one or multiple CSI-RS resource sets with one trigger state for aperiodic CSI reporting

· Each trigger state is associated one or multiple ReportConfigs where each ReportConfig is linked to one or two or three P/SP/AP CSI-RS resource setting(s)

· When one resource setting is configured, the resource setting is for channel measurement for beam management.

· When two resource settings is configured, the first one resource setting is for channel measurement and the 2nd one is for interference measurement (FFS whether ZP/NZP or/and ZP only).

· FFS: When three resource settings is configured, the first one resource setting is for channel measurement, the 2nd one is for ZP based interference measurement and the 3rd one is for NZP based interference measurement.
· If a resource setting linked to a ReportConfig has multiple aperiodic resource sets and only a subset of the aperiodic resource sets is associated with the trigger state, a bitmap (with the bitwidth Nbit =number of resource sets in a resource setting.  Number of one(s) in the bitmap None = 1 (FFS on 2) for CSI acquisition 1<= None <=Nonemax (FFS) for beam management) is RRC configured per trigger state per resource setting to select NZP CSI-RS resource set(s) from the resource setting.    

· FFS on None for multiple TRP cases

· Support CSI-RS configuration (including aperiodic triggering) without report at least for P3 BM, and for the case of non-codebook based UL transmission (FFS for TRS).  This can be achieved by configuring “No report” in reportQuantity in ReportConfig. 
2.2    Issue 2 - Non-PMI feedback
	Agreements:
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




Questions related to issue 2:

a) Non-PMI-PortIndication is contained in resource setting or report setting?
b) Detailed configuration approach for this parameter
	Company
	Comments

	ZTE, Sanechips
	a) Non-PMI-PortIndication is contained in report setting

b) UE is configured with higher layer parameter Non-PMI-PortIndication contained in a ReportConfig, where R ports are indicated for rank R and each CSI-RS resource in the CSI resource setting linked to the ReportConfig in a MeasLinkConfig, based on the order of the associated NZP-CSI-RS-ResourceConfigID in the linked CSI resource setting. Explicit port indices are configured independently for different ranks.

	CATT
	a) Non-PMI-PortIndication is contained in NZP-CSI-RS-ResourceConfig.

b) There is a separate indication for each rank.

	Ericsson
	a) As port indication is only applicable if non-PMI feedback is used it’s maybe more appropriate to set in the CSI Report Setting, but no strong view.
b) Support defining a separate bitmap for port index indication per rank for non-PMI feedback

	Qualcomm
	a) Non-PMI-PortIndication is contained in report setting.


Proposal 2: 

Non-PMI-PortIndication is contained in report setting

· UE is configured with higher layer parameter Non-PMI-PortIndication contained in a ReportConfig, where R ports are indicated for rank R and each CSI-RS resource in the CSI resource setting linked to the ReportConfig in a MeasLinkConfig, based on the order of the associated NZP-CSI-RS-ResourceConfigID in the linked CSI resource setting.

· Port index indication is independent for different ranks
Proposal 2-1: Port index indications are configured in the order of layer ordering.  
2.3    Issue 3: NZP CSI-RS based IMR

	Agreement:
· A set of NZP CSI-RS resource(s) is configured to a UE for channel and interference measurements, where

· A subset of the set of NZP CSI-RS resource(s) are for channel measurement and another subset of the set of NZP CSI-RS resource(s) are for interference measurement

· Network indicates via DCI the subset of NZP CSI-RS resource(s) for channel measurement and the subset of CSI-RS resource(s) for interference measurement

· FFS: Whether the DCI indication is the dynamic triggering of one or multiple CSI reporting setting(s) or not

· FFS: some CSI-RS resource(s) from two NZP CSI-RS resource subsets can be overlapped or not

· UE assumes each port of channel measurement NZP CSI-RS resource(s) corresponds to a desired layer if no PMI and RI feedback




Questions related to issue 3:
a) Whether the same DCI as CSI triggering or separate DCI field is used to indicate the subset of IMR and/or subset of CMR?

b) Whether CMR subset and IMR subset can be overlapped or not?

c) How to derive interference if multiple IMRs are associated with one CSI report, e.g., interference is accumulated from all IMRs associated with the CSI report?
d) If multiple resources are configured for NZP CSI-RS based IMR, whether Pc is separately configured or identical for the IMRs?
e) Whether NZP CSI-RS based IMR is only supported for aperiodic IMR?
	Company
	Comments

	ZTE, Sanechips
	a) We support a separate DCI to indicate the subset of IMR and/or the subset of CMR.  From our understanding, the agreement says clearly one resource set contains a subset of CMR and IMR, and triggering unit related to issue 1 is a resource set. So it is more aligned with the agreement to use a separate DCI to identify CMRs and IMRs in one set. 

b) CMR and IMR cannot be overlapped in DCI level.

c) Interference is accumulated from all IMRs associated with the CSI report, including NZP based IMR(s) and ZP based IMR(s).
d) If multiple resources are configured for NZP CSI-RS based IMR, Pc is separately configured for these IMRs.
e) NZP CSI-RS based IMR is only supported for aperiodic IMR.

	LGE
	a) Separated DCI field for CMR/IMR indication seems more reasonable.

b) Resources in CMR subset and IMR subset cannot be overlapped.

c) Sum of all interferences measured from each IMR, configured as NZP and ZP CSI-RS based IMR, is used for CSI calculation. 
d) If multiple resources are configured for NZP CSI-RS based IMR, Pc can be separately configured for these IMRs. If multiple resources are configured for channel measurement for a NZP CSI-RS based IMR, Pc for those resources should be identical.
e) NZP CSI-RS based IMR is only supported for aperiodic IMR.

	CATT
	a)  The DCI field used to indicate the subset of NZP CSI-RS resources for interference and channel measurement is separate from CSI triggering field. The DCI field for interference and channel measurement are separate as well, i.e., one field for interference and another field for channel. Whether the field exists is higher layer configured.

b) The DCI indicated subset of NZP CSI-RS resources for channel and the DCI indicated subset of NZP CSI-RS resources for interference cannot be overlapped.

c)  It is UE implementation issue.

d) As the same NZP CSI-RS resource may be used for channel or interference measurement, the definition of Pc may be different for the two cases.

e) Only for aperiodic IMR.

	Huawei, HiSi
	a) Separated DCI field for CMR/IMR indication
b) CMR and IMR can be overlapped
c) Interference is accumulated from all IMRs associated with the CSI report

	Samsung
	a) Same DCI with CSI triggering

b) CMR and IMR can be overlapped

	Qualcomm
	a) Separate DCI fields for CMR/IMR indication.

b) Resources in CMR subset and IMR subset cannot be overlapped.
c) NZP CSI-RS based IMR and CSI-IM are used for measuring different types of interference.  Interference measured on NZP CSI-RS based IMR and CSI-IM is accumulated. 
d)  Support per NZP resource Pc configuration
e) NR supports aperiodic NZP CSI-RS based IMR only.

	Vivo
	a) same DCI as CSI triggering
b) Resources in CMR subset and IMR subset cannot be overlapped

	Ericsson
	a) 
b) 
c) 

a) The resources for CMR and IMR are indicated with the same CSI request field, no additional bit field is necessary.

b) Resources in CMR subset and IMR subset cannot be overlapped
c) Interference measured on all IMRs (NZP and CSI-IM) are accumulated, where Pc is taken into account for NZP-based IMR. However exact mechanism is UE implementation issue.

d)  Pc can be separately configured for each NZP resource.

e)  Can be for P and SP IMR as well, for instance in CoMP scenario. Thus, mechanism shall not be designed to only work for aperiodic IMR.

	NTT DOCOMO
	b) Resources in CMR subset and IMR subset cannot be overlapped

	Sony
	b) Resources in CMR subset and IMR subset cannot be overlapped

	Intel
	a) Separate DCI can be used for CMR/IMR.
b) The overlapping should not be precluded.

c) The interference could be accumulated from multiple IMR associate with one CSI report.
d) Separate Pc could be configured if multiple resource are configured.
e) Support only aperiodic NZP CSI-RS based IMR.


Proposal 3: Support separated DCI field to indicate the subset of CMR/IMR. 

Proposal 4: Resources in the indicated CMR subset and IMR subset cannot be overlapped.
Proposal 5: NZP CSI-RS based IMR is only supported for aperiodic IMR. 

Proposal 6: Interference is accumulated from all IMRs associated with the CSI report, including NZP based IMR(s) and ZP based IMR(s). 

· Pc is configured independently for NZP CSI-RS resource(s) 

R1-1721529 WF on NZP-CSI-RS baed IMR,  Huawei
2.4 Issue 4 - ZP CSI-RS based IMR
	Working assumption:
For ZP CSI-RS based IMR, support (2,2) and (4,1) which are configurable by RRC signalling

· Note: Study until next meeting whether support of both (2,2) and (4,1) are both necessary. If not, RRC configurability will be removed.



Questions related to issue 4:
a) Can we confirm the working assumption, i.e., to support configurable between (2,2) and (4,1)?
b) Configuration details of  ZP CSI-RS based IMR e.g. whether configuration should follow CSI-RS configuration?
c)  How is aperiodic CSI-IM triggered?
d) How is semi-persistent CSI-IM activated?
e) UE Rx beam setting for CSI-IM.
	Company
	Comments

	ZTE, Sanechips
	a) Confirm the working assumption, i.e., to support configurable between (2,2) and (4,1).   (2,2) is beneficial to enable averaging interference in 2 symbols especially for sub6GHz. This matches LTE performance.  (4,1) is more appropriate for above 6GHz since it will affect how analog receive beam is assumed for interference measurement which may be different from data reception.  Therefore, the granularity of measurement is better to be one symbol.
b) The same configuration method should be used for CSI-RS configuration and ZP-CSI-RS based IMR configuration.  Explicit symbol and frequency locations are configured.
e) The same spatial QCL assumption  should be used for CSI-IM as the one configured for NZP CSI-RS for channel measurement.  

	LGE
	a) No strong reason to allow configurability between the two considering the fact that configurable RE pattern complicates UE implementation. We prefer to down-select one pattern from (2,2) and (4,1).
b) The reference for ZP CSI-RS based IMR configuration should be NZP CSI-RS configuration. However, some redundant configuration parameters would need to be removed such as:
· RB-level density is fixed to 1 (i.e. not support d=1/2, d>1) ( No CSI-RS-Density
· No number of port(s) 
· No CDM related configurations
· No ScramblingID

· No Pc values
Need to keep other configuration parameters of NZP CSI-RS such as: 
· ResourceConfigType: Time domain behavior

· TimeConfig: periodicity and slot offset for SP/P ZP CSI-RS based IMR

· ResourceMapping: symbol/frequency location

· BWP configuration
· CSI-RS-FreqBand 

	CATT
	a) There is no strong need to introduce two RE patterns. We slightly prefer pattern (4, 1). 

	Huawei, HiSi
	a) Support configurable between (2,2) and (4,1)

	Intel
	a) There is no need to support configurable RE pattern between (2, 2) and (4, 1). We prefer to the pattern of (4, 1).
b) The below should be considered for CSI-IM configuration:
· For the periodicity of periodic/semi-persistent CSI-IM, support the periodicity of every {1, 5, 10, 20, 40, 80, 160, 320, 640} slots
· CSI-IM position information including OFDM symbol index and subcarrier index

· Frequency band/PRBs for CSI-IM

e) The UE should apply the same spatial Rx beamforming assumption for CSI-IM as the one configured for NZP CSI-RS for channel measurement. And for aperiodic CSI-IM, if the time offset between DCI and CSI-IM is smaller than certain threshold, the UE should apply a default/pre-configured spatial assumption for interference measurement.

	Qualcomm
	a) Support (4,1)
b) Use NZP CSI-RS configuration as a reference

c) Indicated in CSI request field

d) SP CSI-IM is used with SP CSI-RS, so joint activation/deactivation is preferred.

e) Same spatial filtering (RX beam) applies to CSI-RS for CM and IM (no beam changes are required for CSI reporting from the UE)

	Vivo
	a) Support configurable between (2,2) and (4,1)

	Ericsson
	a) One pattern is enough, slightly prefer (2,2) for better interference averaging.
b)  In addition to already existing parameter CSI-IM-ResourceMapping for symbol and subcarrier locations within the slot, we need parameters for time-domain behaviour, and additionally frequency-occupancy, periodicity and slot offset for P/SP CSI-IM.
c)  A codepoint in the CSI request field triggering a A-CSI report can additionally indicate and aperiodic CSI-IM 
d)  SP CSI-IM and SP CSI-RS is activated jointly in the same MAC CE message

	
	


Proposal 7: Confirm the following working assumption
· For ZP CSI-RS based IMR, support (2,2) and (4,1) which are configurable by RRC signaling
Proposal 8:  Apply the same spatial QCL assumption for CSI-IM as the one configured for NZP CSI-RS for CM.
