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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In this contribution, we discuss some remaining issues on CSI reporting.
In addition, some text proposals related to CSI reporting in the specs are listed.
2. Time offset of CSI reference resource of P/SP CSI report
[bookmark: _Hlk497821946][bookmark: _Hlk497822531]For P/SP CSI reporting, it has been agreed in RAN1 #92b to use a fixed time offset for a given numerology. 
Agreement:
· 
A fixed time offset,  slots, is used for a given numerology
· N=4 for 15kHz, N=8 for 30kHz, N=16 for 60kHz, N=32 for 120kHz in case of CSI report without CRI
· N=5 for 15kHz, N=10 for 30kHz, N=20 for 60kHz, N=40 for 120kHz in case of CSI report with CRI
· FFS: Applicability of smaller value of N depending on UE capability
There is no definition for nCQI_ref  should be based when different numerologies are applied for downlink and uplink from the agreement while it is captured in [2] as follows.
-	where for periodic and semi-persistent CSI reporting 
-	if a single CSI-RS resource is configured for channel measurement nCQI_ref is the smallest value greater than or equal to , such that it corresponds to a valid downlink slot, or
-	if multiple CSI-RS resources are configured for channel measurement nCQI_ref is the smallest value greater than or equal to 5, such that it corresponds to a valid downlink slot.
Moreover, as shown in the following example, if DL and UL apply different SCSs,more than one downlink slots exist for CSI reference resource according the definition in Section 5.2.2.1.1 of [2].
[image: ]
Consider the case where a CSI reporting without CRI is reported in uplink slot #4. The CSI reporting should be performed in an uplink slot and CSI reference resource is a downlink slot. There should be a transition from uplink slot to downlink slot. Thus, we have two options for calculating downlink slot of CSI reference resource.
Opt1: If nCQI_ref is 4 slots based on uplink numerology, we should calculate an uplink slot and then get the corresponding downlink slot as a single downlink slot. As a result, downlink slot #0,1,2,3 which corresponds to the uplink slot 0. 
Opt2: If nCQI_ref is 16 slots based on downlink numerology, we should get a single downlink slot corresponding to CSI reporting in uplink slot #n. By subtracting 16 slots, we get a downlink slot which is the time location of CSI reference resource. 
CSI reference resource should be downlink in time domain and processing of resource allocation for different numerology can be a reference, we have the following proposal:
Proposal 1: nCQI_ref is determined based on the numerology of DL BWP for which CSI is associated for P/SP-CSI reporting.



Proposal 2: CSI reference resource for a CSI reporting in uplink slot n is defined by a single downlink slot ,where is the subcarrier configuration for DL CSI-RS or CSI-IM for channel/interference measurement, is the subcarrier configuration for PUSCH or PUCCH which is used to carry the CSI.

3. Discussion of Type A UE capability
Type A UE capability was introduced and agreed in RAN1 #92b.
Agreement:
· For CSI latency requirement when an A-CSI trigger state triggers N CSI reports (where each report n is associated with (Zn, Z’n)) and have M un-occupied CSI processing units: 
· For Type A CSI processing capability:
· 
A UE is not expected to update any of the triggered CSI reports if the time gap between the first symbol of PUSCH and the last symbol of the associated ap-CSI-RS / ap-CSI-IM does not give enough CSI calculation time according to  
· 
FFS how to index the M reports in this case to form 
· 
UE may ignore a DCI scheduling a PUSCH with scheduling offset smaller than  
· This applied to CSI only case, FFS for CSI+UL-SCH case
· CSI reports based on P / SP CSI-RS are assigned to CSI processing units as follows:
· Type A:
· For P / SP CSI reports, the CSI processing unit is occupied from the first symbol of the CSI reference resource of the P / SP report until the first symbol of the physical channel carrying the report
· For A CSI reports, the CSI processing unit is occupied from the first symbol after the PDCCH triggering the report until the [first or last] symbol of the PUSCH carrying the report
If un-occupied CSI processing units M is smaller than the CSI reports N which is triggered by an A-CSI trigger state, UE will update M CSI reports if enough CSI calculation time is provided. However, how to index the M reports needs further study.


For triggered CSI reports N, the number of sets for different M CSI reports is . Different sets require different and the last symbol of the associated AP-CSI-RS/AP-CSI-IM for each set can be different which lead to different time gap between the first symbol of PUSCH and the last symbol of the associated AP-CSI-RS/AP-CSI-IM. It is possible that more than one set with different M CSI reports could satisfy the requirement for CSI calculation time. But only one set of M CSI reports can be chosen and updated. The number of CSI reports triggered in A-CSI trigger state can be up to 16 which implicates much time is needed for UE to determine one valid set of M CSI reports.

As an alternative, we can index M CSI reports without considering CSI calculation time first.  And then the M reports will be updated or not depending on the time gap and .
According to the analysis, several options are listed as follows.

Opt 1: Only M CSI reports with highest priority can be updated with enough CSI calculation time which is equal to or larger than .

Opt 2: With ascending order of report config ID, only the first M CSI reports can be updated with enough CSI calculation time which is equal to or larger than .

Opt 3: Select all sets satisfying the time requirement of  as a candidate and select a set based on a predefined rules. 
Among the 3 options listed above, option1 and option 2 are more straightforward, and option 1 ensures CSI reporting with highest priority can be updated. So we have the following proposal.

Proposal 3: Only M CSI reports with highest priority can be updated with enough CSI calculation time which is larger than or equal  to .



Similarly, different exist for different sets of M CSI reports and it is possible for more than one set satisfying the scheduling offset. Considering the simplicity and consistence for the implementation of UE, similar proposal as the selection of M CSI reports to form  is proposed:

Proposal 4:If the scheduling offset between reception of the DCI and the corresponding  PUSCH is greater than or equal to , the M reports with the highest priority can be reported. Otherwise, the scheduling is ignored by UE.

There is an agreement for P/SP CSI reports about the CSI processing unit. The occupation of Type A CSI processing unit for A CSI reports is left open. Regarding this issue, keeping the same operation as P/SP CSI processing unit is preferred.
Proposal 5: For A CSI reports, the CSI processing unit is occupied from the first symbol after the PDCCH triggering the report until the first symbol of the PUSCH carrying the report.
4. CSI reporting with BWP switching
In RAN1#92b, PUCCH-based SP-CSI report setting for DL BWP switching was made.
Agreement:
· When DL BWP is switched, PUCCH-based SP-CSI report setting in activated state stays in its activated state. SP-CSI reporting is simply suspended until the DL BWP is switched back, whereon it resumes.

For A-CSI, it is captured in [2] that “A UE is not expected to be triggered with a CSI report for a non-active DL BWP.”
From the agreement and the spec, CSI reporting will not be performed when DL BWP switches for PUCCH-based SP-CSI report and A-CSI. However, it’s unclear if CRI reporting will be performed or not for P-CSI and PUSCH-based SP-CSI report when DL BWP switches. To keep consistency and simplicity for the implementation of UE, we suggest not to update CSI reporting when the associated DL BWP is not the current active DL BWP for all reportConfigType.
Proposal 6: For all the reportConfigTypes, the CSI reporting is not conducted when its associated DL BWP is not the currently active DL BWP.
5. [bookmark: _GoBack]Text Proposals
5.1.  TP1
In Section 5.2.1.5.1 in [2], aperiodic CSI reporting/aperiodic CSI-RS is described as:

[bookmark: _Hlk500778920]For CSI-RS resource sets associated with Resource Settings configured with the higher layer parameter resourceType set to 'aperiodic', periodic', or semi-persistent', trigger states for Reporting Setting(s) (configured with the higher layer parameter reportConfigType set to ‘aperiodic’) and/or Resource Setting for channel and/or interference measurement on one or more component carriers are configured using the higher layer parameter CSI-AperiodicTriggerStateList.
…

-	When the number of CSI triggering states in CSI-AperiodicTriggerStateList is less than or equal to , the CSI request field in DCI directly indicates the triggering state and the UE's quasi co-location assumption.


Based on current procedure of CSI feedback, aperiodic CSI reporting is configured by higher layer parameter CSI-AperiodicTriggerStateList and triggered by DCI. For aperiodic resource setting, the number of resource set is not necessarily to be one, therefore, the index of resource set should be specified when activating it. For 'periodic' or 'semi-persistent' resource setting, the number of resource set is always one for each periodic and semi-persistent resource setting. So there is no need to configure the entry number of resource set for periodic or semi –persistent resource setting associated with the aperiodic report setting. Another alternative is to always set the entry number to 1 for channel measurement when it is triggered by DCI with associated resource setting is set to 'periodic' or 'aperiodic' .

In addition, when resourceType is set to 'periodic' or 'semi-persistent', as the QCL source and type are assigned by higher layer, the qcl-info field used for indicating such information for aperiodic NZP-CSI-RS-resources is not needed in trigger states.
The trigger states used for aperiodic report should contain at least a report setting while resource setting for channel and interference can be optional if resourceType is set to 'periodic' or 'semi-persistent'. However, it’s not clear about the typical use case for configuring a trigger state which does not contain report setting while resource setting for channel or interference exists. Resource setting can be inferred from the report setting indicated in trigger states, while the index of resource set should be indicated when more than one resource sets are configured in one resource setting. Therefore we have the following text proposal.
------------------------------Start of Text Proposal for 38.214---------------------------------
5.2.1.5.1	Aperiodic CSI Reporting/Aperiodic CSI-RS
Unaffected parts omitted…
For CSI-RS resource sets associated with Resource Settings configured with the higher layer parameter resourceType set to 'aperiodic', periodic', or semi-persistent', trigger states for Reporting Setting(s) (configured with the higher layer parameter reportConfigType set to ‘aperiodic’) and/or Resource Setting for channel if configured and/or interference measurement if configured on one or more component carriers are configured using the higher layer parameter CSI-AperiodicTriggerStateList.
…

-	When the number of CSI triggering states in CSI-AperiodicTriggerStateList is less than or equal to , the CSI request field in DCI directly indicates the triggering state and the UE's quasi co-location assumption if configured.

Unaffected parts omitted…
------------------------------End of Text Proposal---------------------------------
5.2. TP2
In Section 5.2.1.5.2 in [2], Activation and deactivation of Semi-persistent CSI-RS is described as:
[bookmark: _Hlk500788297]For a UE configured with the higher layer parameter reportConfigType set to 'semiPersistentOnPUCCH'. 
[bookmark: _Hlk512597011]-	when a UE receives an activation command [10, TS 38.321] for CSI-RS resource(s) for channel measurement and CSI-IM/NZP CSI-RS resource(s) for interference measurement associated with configured CSI resource setting(s), and when the HARQ-ACK corresponding to the PDSCH carrying the selection command is transmitted in slot n, the corresponding actions in [10, TS 38.321] and the UE assumptions (including QCL assumptions provided by a list of reference to TCI-State’s, one per activated resource) on CSI-RS/CSI-IM transmission corresponding to the configured CSI-RS/CSI-IM resource configuration(s) shall be applied no earlier than slot . If a TCI-State referred to in the list is configured with a reference to an RS associated with ‘QCL-TypeD', that RS can be an SS/PBCH block, periodic or semi-persistent CSI-RS located in same or different CC/DL BWP.
-	when a UE receives a deactivation command [10, TS 38.321] for activated CSI-RS/CSI-IM resource(s) associated with configured CSI resource setting(s), and when  the HARQ-ACK corresponding to the PDSCH carrying the selection command is transmitted in slot n, the corresponding actions in [10, TS 38.321] and UE assumption on cessation of CSI-RS/CSI-IM transmission corresponding to the deactivated CSI-RS/CSI-IM resource(s) shall apply no later than the minimum requirement defined in [10, TS 38.133] and no earlier than slot . If a TCI-State referred to in the list is configured with a reference to an RS associated with ‘QCL-TypeD', that RS can be an SS/PBCH block, periodic or semi-persistent CSI-RS located in same or different CC/DL BWP.



For a UE configured with the higher layer parameter ResourceConfigType set to 'semi-persistent'. When a UE receives an activation command and if TCI-RS-SetConfig in the list is configured then QCL info can be inferred. While when a UE receives an deactivation command, there is no need for the existing of TCI-RS-SetConfig to indicate related QCL info. Therefore we have the following text proposal.
------------------------------Start of  Text Proposal for 38.214 ---------------------------------
5.2.1.5.2	Semi-persistent CSI /Semi-persistent CSI-RS
Unaffected parts omitted…
For a UE configured with the higher layer parameter reportConfigType set to 'semiPersistentOnPUCCH’ . 
-	when a UE receives an activation command [10, TS 38.321] for CSI-RS resource(s) for channel measurement and CSI-IM/NZP CSI-RS resource(s) for interference measurement associated with configured CSI resource setting(s), and when the HARQ-ACK corresponding to the PDSCH carrying the selection command is transmitted in slot n, the corresponding actions in [10, TS 38.321] and the UE assumptions (including QCL assumptions provided by a list of reference to TCI-State’s, one per activated resource) on CSI-RS/CSI-IM transmission corresponding to the configured CSI-RS/CSI-IM resource configuration(s) shall be applied no earlier than slot . If a TCI-State referred to in the list is configured with a reference to an RS associated with ‘QCL-TypeD', that RS can be an SS/PBCH block, periodic or semi-persistent CSI-RS located in same or different CC/DL BWP.
-	when a UE receives a deactivation command [10, TS 38.321] for activated CSI-RS/CSI-IM resource(s) associated with configured CSI resource setting(s), and when  the HARQ-ACK corresponding to the PDSCH carrying the selection command is transmitted in slot n, the corresponding actions in [10, TS 38.321] and UE assumption on cessation of CSI-RS/CSI-IM transmission corresponding to the deactivated CSI-RS/CSI-IM resource(s) shall apply no later than the minimum requirement defined in [10, TS 38.133] and no earlier than slot . If a  in the list is configured with a reference to an RS associated with QCL-TypeD', that RS can be an SS/PBCH block, periodic or semi-persistent CSI-RS located in same or different CC/DL BWP.

Unaffected parts omitted…
------------------------------End of Text Proposal---------------------------------
5.3. TP3
In Section 5.2.4 in [2], CSI reporting using PUCCH is described as:
A UE shall perform semi-persistent CSI reporting on the PUCCH no earlier than 3ms after the HARQ-ACK corresponding to the PDSCH carrying the selection command [10, TS 38.321] is transmitted. The selection command will contain one or more Reporting Setting Indications where the associated CSI Measurement Links and CSI Resource Settings are configured. 



Measurement links was used to associate the report setting and resource setting for channel or interference before. According to the newest 38.331, the resource setting is included in the associated reporting setting and measurement links is deleted. Therefore we have the following text proposal.
------------------------------Start of  Text Proposal for 38.214 ---------------------------------
5.2.4	CSI reporting using PUCCH
Unaffected parts omitted…
A UE shall perform semi-persistent CSI reporting on the PUCCH no earlier than 3ms after the HARQ-ACK corresponding to the PDSCH carrying the selection command [10, TS 38.321] is transmitted. The selection command will contain one or more Reporting Setting Indications where the associated CSI Measurement Links and CSI Resource Settings are configured. 

Unaffected parts omitted…

------------------------------End of Text Proposal---------------------------------
6. Conclusion
In this contribution, we discuss some remaining issues of the CSI reporting for NR MIMO. We made the following proposals.
Proposal 1: 	nCQI_ref is determined based on the numerology of DL BWP for which CSI is associated for P/SP-CSI reporting.



Proposal 2: 	CSI reference resource for a CSI reporting in uplink slot n is defined by a single downlink slot ,where is the subcarrier configuration for DL CSI-RS or CSI-IM for channel/interference measurement, is the subcarrier configuration for PUSCH or PUCCH which is used to carry the CSI.

Proposal 3: 	Only M CSI reports with highest priority can be updated with enough CSI calculation time which is larger than or equal  to .

Proposal 4:	If the scheduling offset between reception of the DCI and the corresponding  PUSCH is greater than or equal to , the M reports with the highest priority can be reported. Otherwise, the scheduling is ignored by UE.
Proposal 5: 	For A CSI reports, the CSI processing unit is occupied from the first symbol after the PDCCH triggering the report until the first symbol of the PUSCH carrying the report.
Proposal 6: 	For all the reportConfigTypes, the CSI reporting is not conducted when its associated DL BWP is not the currently active DL BWP.
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