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At last RAN1#92bis meeting, the following agreements were achieved [1]
Agreement:
Support 3ms as MAC CE latency for activation/deactivation of SP CSI on PUCCH, SP CSI-RS and trigger states of AP-CSI/CSI-RS. Note that MAC CE latency is the time interval from the slot UE transmits the ACK corresponding to PDSCH carrying the MAC-CE message to the time that the MAC-CE message is applied.
Agreement:
Periodicities/slot offsets for P/SP CMR and IMR are configured independently
Agreement:
From a UE’s perspective, the same CSI-RS/CSI-IM resource ID cannot be configured in multiple CSI Resource settings with different time-domain behaviors.
Agreement
Aperiodic triggering offset of CSI-IM follows triggering offset value of the associated NZP CSI-RS for channel measurement.

In this contribution, we share our views on the remaining issues for CSI measurement, focusing on clarifications of CRI values, codebook configurations, subband measurement assumption/behavior, and RI restriction for non-PMI feedback.
[bookmark: _Ref129681832]Remaining details for CSI measurement
Clarification on CRI values
In TS38.214, higher layer parameter reportQuantity includes CRI when multiple CSI resources are configured for channel measurement. Then the UE shall derive the CSI parameters other than CRI conditioned on the reported CRI. However, the CRI values and its association with configured CSI resources are not clearly defined yet. 
To be clear, we propose the CRI values from 0 ~ -1 are associated with the entry index with increasing order in the configured nzp-CSI-RS-Resources, csi-IM-Resources and/or csi-SSB-ResourceList, where  is the number of NZP CSI-RS/CSI-IM/SSB resource IDs. This clarification is also in line with the CRI definition in LTE. Based on the above discussion, we propose to clarify CRI values in section 5.2.1.4.2 of TS 38.214 
Text Proposal 1: Clarify the CRI values in TS 38.214 as 
------------ Start of proposed TP1 for 38.214 ----------
· 5.2.1.4.2	Report Quantity Configurations
If the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-RI-PMI-CQI ', 'cri-RI-i1', 'cri-RI-i1-CQI', 'cri-RI-CQI' or 'cri-RI-LI-PMI-CQI', and multiple resources are configured in the corresponding resource set for channel measurement, then the UE shall derive the CSI parameters other than CRI conditioned on the reported CRI, where CRI k () corresponds to the configured (k+1)-th entry of associated nzp-CSI-RS-Resources, (k+1)-th entry of associated csi-IM-Resources, and/or (k+1)-th entry of associated csi-SSB-ResourceList..

-------------- End of proposed TP1--------

Codebook configuration
According the current framework of CSI configuration, a CSI report configuration is associated with a CSI resource setting for channel measurement, and/or CSI-IM resource setting/NZP CSI-RS resource setting for interference measurement. If CSI reporting is aperiodic, one CSI resource setting for channel measurement may have more than one NZP CSI-RS resource set. Moreover, one NZP CSI-RS resource set may have multiple NZP CSI-RS resources. Then CRI reporting is required.

-- ASN1START
-- TAG-CSI-REPORTCONFIG-START
-- Configuration of a CSI-Report sent on L1 (e.g. PUCCH) (see 38.214, section 5.2.1)
CSI-ReportConfig ::=			SEQUENCE {
	reportConfigId							CSI-ReportConfigId,

	-- Indicates in which serving cell the CSI-ResourceConfigToAddMod(s) below are to be found.
	-- If the field is absent, the resources are on the same serving cell as this report configuration.
	carrier									ServCellIndex			OPTIONAL,	-- Need S

	-- Resources for channel measurement. csi-ResourceConfigId of a CSI-ResourceConfig included in the configuration of the serving cell
	-- indicated with the field "carrier" above. This CSI-ReportConfig is associated with the DL BWP indicated by bwp-Id in that CSI-ResourceConfig.
	resourcesForChannelMeasurement			CSI-ResourceConfigId,

	...
 
-- Codebook configuration for Type-1 or Type-II including codebook subset restriction
	codebookConfig								CodebookConfig,


In TS38.331, the structure of CodebookConfig is defined to indicate the codebook required parameters, such as number of CSI-RS ports (via N1 and N2), codebook type, and codebook subset restriction. In CSI report configuration, the codebookConfig has one entry of CodebookConfig. It seems codebookConfig corresponds to one NZP CSI-RS resource for channel measurement, because parameters N1, N2 and CBSR are likely for a CSI-RS resource. However, since the codebookConfig is in CSI report configuration, it should be applicable for CSI resource setting associated with this CSI report configuration, instead of one particular NZP CSI-RS resource. 
When CSI reporting is aperiodic, the associated NZP CSI-RS resource setting may contains up to 16 NZP CSI-RS resource sets, and each NZP CSI-RS resource set may have multiple NZP CSI-RS resources. It is impossible to apply the current codebookConfig configuration for all NZP CSI-RS resources considering that different resource may have different number of ports and restricted beams.
One typical use case of multiple NZP CSI-RS resources is that different resource is weighted with different beamformer pointing to different spatial direction. One example is shown in Fig1, where NZP CSI-RS resource#1 is weighted with beamformer covering cell edge area, while NZP CSI-RS resource#M covers cell center area. It is well known that codebook subset restriction is used to restrict the beam vectors towards to neighbor cells with the purpose of reducing interference to other cells. Hence, the configuration of codebook subset restriction in codebookConfig should be resource specific. For instance, NZP CSI-RS resource#1 requests to restrict some beams, while NZP CSI-RS resource#M does not. Obviously, the current codebookConfig cannot do that. 
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Figure1: Example of multiple NZP CSI-RS resources beamformed with different beam vectors



To address the above issue, we can refer to the configuration of non-PMI-PortIndication, where this parameter is a sequence with up to maxNrofNZP-CSI-RS-ResourcesPerConfig entries. The corresponding revision is shown in Text Proposal 2.

Text Proposal 2: Revise the codebookConfig to contain up to maxNrofNZP-CSI-RS-ResourcesPerConfig entries, 
------------ Start of proposed TP2 for 38.331 ----------
-- ASN1START
-- TAG-CSI-REPORTCONFIG-START
-- Configuration of a CSI-Report sent on L1 (e.g. PUCCH) (see 38.214, section 5.2.1)
CSI-ReportConfig ::=			SEQUENCE {
    ... 

-- Codebook configuration for Type-1 or Type-II including codebook subset restriction
	codebookConfig		SEQUENCE (SIZE (1..maxNrofNZP-CSI-RS-ResourcesPerConfig)) OF CodebookConfigCodebookConfig,

    ...
}
-------------- End of proposed TP2--------

Subband measurement assumption/behaviour when NZP CSI-RS for interference measurement is configured
NZP CSI-RS for interference measurement (IM) is supported in Rel-15, as a key element to enable emulation based link adaptation for MU-MIMO and so on. One issue is the subband measurement assumption/behaviour when NZP CSI-RS for IM is configured, where a subband includes 4, 8, 16, or 32 PRBs depending on the bandwidth and configuration. However, the UE pairing and/or NZP CSI-RS rank/precoding may be generally different for different subbands; in fact, each Precoding Resource Block Group (PRG, including 2 or 4 PRBs or wideband) may have a precoding different from any other PRG. Averaging across subbands with different UE pairing and/or NZP CSI-RS rank/precoding may not generate any meaningful measurement results and shall be prohibited at the UE side. Although subband CSI reporting is supported (see 5.2.1.4 of TS 38.214), it does not define UE assumption on the precoding of the subbands and also does not regulate UE subband measurement behaviour. Therefore, it is generally up to the UE implementation, and for some UE implementations the UE may utilize some other subbands to generate one subband measurement, which may lead to misleading outcomes. This needs to be fixed.
Alternative 1:
To address this issue, we observe that if NZP CSI-RS for IM is configured and CQI reporting without PMI is configured, the UE should interpret the each subband in the CSI reporting band may be associated with a signal transmission assumption and an interference transmission assumption different from those on any other subbands. As a result, the UE would not perform processing blindly across multiple subbands when estimating signal/interference over NZP CSI-RS resources. This specifies UE assumption for its measurement operations. 
For subband measurement: When a UE is configured with NZP CSI-RS resource setting for interference measurement and the associated reporting quantity is cri-RI-CQI, the UE may assume, for all PRBs within a subband of the CSI reporting band, a single precoding matrix is applied to form the ports for the NZP CSI-RS resources for channel measurement, and a single precoding matrix is applied to form the ports for the NZP CSI-RS resources for interference measurement. The TP is:
------------ Start of proposed TP3 for 38.214 -------------
5.2.1.4.1	Resource Setting configuration
…
If interference measurement is performed on NZP CSI-RS, a UE does not expect to be configured with more than one NZP CSI-RS resource in the associated resource set within the resource setting for channel measurement. If interference measurement is performed on NZP CSI-RS and if the associated CSI-ReportConfig is configured with the higher layer parameter reportQuantity set to 'cri-RI-CQI', a UE may assume, for all PRBs within a subband of the CSI reporting band, a single precoding matrix is applied to form the ports of the NZP CSI-RS resource for channel measurement, and a single precoding matrix is applied to form the ports of the NZP CSI-RS resources for interference measurement.  
-------------- End of proposed TP3------------------
Alternative 2:
Alternatively, UE behaviour may be specified to restrict its measurement in frequency domain (e.g., for each subband) according to measurement restriction configuration or other configuration combination such as NZP CSI-RS for IM and CQI reporting without PMI. Note that the subband measurement is applicable to subband reporting and wideband reporting.
In addition, if there may be any issue regarding the subband measurement accuracy due to the low density of NZP CSI-RS, the network may configure the larger subband size (e.g., 8 PRBs in a subband rather than 4 PRBs in a subband). There are subject to implementation and do not have any standard impact.
It is acknowledged that measurement restriction in frequency domain was not agreed, but it seems measurement restriction in frequency domain or other assumptions leading to the same restriction is necessary for supporting emulation based link adaptation for MU-MIMO.
For subband measurement: When a UE is configured with NZP CSI-RS resource setting for interference measurement and the associated reporting quantity is cri-RI-CQI, the UE shall restrict its measurement within each subband of the CSI reporting band for the NZP CSI-RS resources for channel measurement and the NZP CSI-RS resources for interference measurement. The TP is:
------------ Start of proposed TP4 for 38.214 ----------
[bookmark: _Toc510988193]5.2.1.4.1	Resource Setting configuration
…
If interference measurement is performed on NZP CSI-RS, a UE does not expect to be configured with more than one NZP CSI-RS resource in the associated resource set within the resource setting for channel measurement. If interference measurement is performed on NZP CSI-RS and if the associated CSI-ReportConfig is configured with the higher layer parameter reportQuantity set to 'cri-RI-CQI', a UE shall restrict its measurement within each subband of the CSI reporting band for the NZP CSI-RS resource for channel measurement and the NZP CSI-RS resources for interference measurement.  
-------------- End of proposed TP4--------
From the above discussion, the two alternatives can address the issue. We slightly prefer Alternative 2.
Proposal 3: For NZP CSI-RS based interference measurement, the assumption/behavior of measurement granularity in UE side should be specified, such as Alt.1 (subband UE measurement assumption) and Alt.2 (subband UE measurement restriction behavior), where Alt.2 is slightly preferred.
 
RI restriction for non-PMI feedback
For the Non-PMI reporting, the portindex is not correctly captured in TS38.331. For example, for rank2, the size should be 2 (i.e., SEQUENCE(SIZE(2))) ports/layers rather than 1 or 2 (i.e., SEQUENCE(SIZE(1..2))) ports/layers, and for rank3, the size should be 3 rather than 1 or 2 or 3, etc. This needs to be corrected. 
Furthermore, RI restriction was agreed in NR, which was already captured in PMI based configurations. However, it is not captured for non-PMI case. Often times, only some selected ranks are intended by the network for UE measurement and reporting, such as in emulation based link adaptation for MU-MIMO. There is no need for all the ranks to be always configured. Therefore, the entries should be revised as “OPTIONAL”. RAN2 needs to be informed regarding this RAN1 suggestion.
Proposal 4: RAN1 to inform RAN2 about the following corrections on non-PMI feedback captured in Text Proposal 5:
------------ Start of proposed TP5 for 38.331 ----------
PortIndexFor8Ranks ::=	CHOICE {
	portIndex8				SEQUENCE{
		rank1-8					PortIndex8,                           OPTIONAL
		rank2-8					SEQUENCE(SIZE(1..2)) OF PortIndex8,   OPTIONAL
		rank3-8					SEQUENCE(SIZE(1..3)) OF PortIndex8,   OPTIONAL
		rank4-8					SEQUENCE(SIZE(1..4)) OF PortIndex8,   OPTIONAL
		rank5-8					SEQUENCE(SIZE(1..5)) OF PortIndex8,   OPTIONAL
		rank6-8					SEQUENCE(SIZE(1..6)) OF PortIndex8,   OPTIONAL
		rank7-8					SEQUENCE(SIZE(1..7)) OF PortIndex8,   OPTIONAL
		rank8-8					SEQUENCE(SIZE(1..8)) OF PortIndex8    OPTIONAL
        -- At least one of entries needs to be configured if portIndex8 is selected

	},
-------------- End of proposed TP5--------
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This contributions discusses the remaining issues on CSI measurement, and we have the following observation and proposals
Text Proposal 1: Clarify the CRI values in TS 36.214 as 
------------ Start of proposed TP1 for 38.214 ----------
5.2.1.4.2	Report Quantity Configurations
If the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-RI-PMI-CQI ', 'cri-RI-i1', 'cri-RI-i1-CQI', 'cri-RI-CQI' or 'cri-RI-LI-PMI-CQI', and multiple resources are configured in the corresponding resource set for channel measurement, then the UE shall derive the CSI parameters other than CRI conditioned on the reported CRI, where CRI k () corresponds to the configured (k+1)-th entry of associated nzp-CSI-RS-Resources, (k+1)-th entry of associated csi-IM-Resources, and/or (k+1)-th entry of associated csi-SSB-ResourceList..
-------------- End of proposed TP1--------
Text Proposal 2: Revise the codebookConfig to contain up to maxNrofNZP-CSI-RS-ResourcesPerConfig entries, 
------------ Start of proposed TP2 for 38.331 ----------
-- ASN1START
-- TAG-CSI-REPORTCONFIG-START
-- Configuration of a CSI-Report sent on L1 (e.g. PUCCH) (see 38.214, section 5.2.1)
CSI-ReportConfig ::=			SEQUENCE {
    ... 

-- Codebook configuration for Type-1 or Type-II including codebook subset restriction
	codebookConfig		SEQUENCE (SIZE (1..maxNrofNZP-CSI-RS-ResourcesPerConfig)) OF CodebookConfigCodebookConfig,

    ...
}
-------------- End of proposed TP2--------
Proposal 3: For NZP CSI-RS based interference measurement, the assumption/behavior of measurement granularity in UE side should be specified, such as Alt.1 (subband UE measurement assumption) and Alt.2 (subband UE measurement restriction behavior), where Alt.2 is slightly preferred.

Proposal 4: RAN1 to inform RAN2 about the following corrections on non-PMI feedback captured in Text Proposal 5:
------------ Start of proposed TP5 for 38.331 ----------
PortIndexFor8Ranks ::=	CHOICE {
	portIndex8				SEQUENCE{
		rank1-8					PortIndex8,                           OPTIONAL
		rank2-8					SEQUENCE(SIZE(1..2)) OF PortIndex8,   OPTIONAL
		rank3-8					SEQUENCE(SIZE(1..3)) OF PortIndex8,   OPTIONAL
		rank4-8					SEQUENCE(SIZE(1..4)) OF PortIndex8,   OPTIONAL
		rank5-8					SEQUENCE(SIZE(1..5)) OF PortIndex8,   OPTIONAL
		rank6-8					SEQUENCE(SIZE(1..6)) OF PortIndex8,   OPTIONAL
		rank7-8					SEQUENCE(SIZE(1..7)) OF PortIndex8,   OPTIONAL
		rank8-8					SEQUENCE(SIZE(1..8)) OF PortIndex8    OPTIONAL
        -- At least one of entries needs to be configured if portIndex8 is selected

	},
-------------- End of proposed TP5--------
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