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Introduction
In this contribution, we raise the issues of confusing UE behavior in CSI reporting and propose solutions to resolve these confusing issues.  This contribution is a revision of [1].
[bookmark: _Ref510805768]Association between resource and CRI
Discussion
According to Section 5.2.1.4 of TS38.214, 
When the UE is configured with higher layer parameter NZP-CSI-RS-ResourceSet and when the higher layer parameter repetition is set to 'off', the UE shall determine a CRI from the supported set of CRI values as defined in Subclause 6.3.1.1.2 of TS 38.212.
The CRI should indicate one NZP CSI-RS resource in the NZP CSI-RS resource set.  How the NZP CSI-RS resource IDs and the CRI values are related is unclear.  We propose to clarify the mapping between the NZP CSI-RS resources in a set and the CRI values.  
[bookmark: _Ref513788989]Text proposal
--- Start of text proposal to Section 5.2.1.4 of TS38.214 ---
When the UE is configured with higher layer parameter NZP-CSI-RS-ResourceSet and when the higher layer parameter repetition is set to 'off', the UE shall determine a CRI from the supported set of CRI values as defined in Subclause 6.3.1.1.2 of [5, TS 38.212] and report the number in each CRI report, where CRI value 0 corresponds to the first entry of nzp-CSI-RS-Resources in the NZP-CSI-RS-ResourceSet, and CRI value k (k > 0) corresponds to the configured (k + 1)-th entry of nzp-CSI-RS-Resources in the NZP-CSI-RS-ResourceSet. When the higher layer parameter repetition is set to 'on', CRI is not reported. CRI reporting is not supported when the higher layer parameter codebookType is set to 'typeII' or to 'typeII-PortSelection'.
--- End of text proposal ---
CSI processing capability
Problems in UE CSI processing Type A
In RAN1#92bis, two UE CSI processing types were agreed.  Unfortunately, there are some essential issues in the Type A UE processing capability.  
First, according to current specification, there is a minimum requirement for the gap from the end of the PDCCH carrying UL-grant to the start of the PUSCH.  If the UL scheduling doesn’t meet this minimum requirement, the UE may ignore the UL DCI and not transmit PUSCH at all.  However, none of the agreed Z values for Type A low latency class can meet the PUSCH preparation time, as shown in Table 1.
[bookmark: _Ref513729124]Table 1: Low latency CSI timing requirement (Type A) and PUSCH preparation time (PUSCH timing capability 1)
	SCS [kHz]
	Low latency CSI timing (Type A)
	PUSCH preparation time

	
	Z (CSI-only)
	Z (CSI + UL-SCH)
	w/o UCI multiplexing
	w/ UCI multiplexing

	15
	5
	6
	10
	11

	30
	9
	10
	12
	13

	60
	17
	18
	23
	24

	120
	27
	30
	36
	37


[bookmark: _Hlk513731139][bookmark: _Toc513890634] Observation 1:	The low latency class Z values for normal UE with Type A CSI processing capability violates the agreed PUSCH preparation time.
Second, when N CSI reports are triggered by an A-CSI trigger state (where the nth report is associated with ) and when the UE has M un-occupied CSI processing units, the following rules were agreed 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
The above agreement is problematic:
The  and  are undefined when M > N.
 including PDCCH decoding time, CSI computation time, and PUSCH preparation time.  In , the PDCCH decoding time is counted for multiple times, while there’s only one PDCCH needs to be decoded.
[bookmark: _Toc513890635]Observation 2:	When a single CSI trigger state triggers more than one CSI report, the CSI latency requirement for Type A UEs are problematic.  
Third, regarding the basic CSI feedback feature group, it was agreed in RAN1#92bis that the Z values should be at least 14 symbols.  However, the Z values agreed in the same meeting for low-latency CSI at SCS of 15kHz and 30kHz for Type A are all less than 14 symbols.  From this perspective, the “normal Type A CSI capability” is actually and “advanced Type A CSI capability”.
[bookmark: _Toc513890636]Observation 3:	The Z values for normal Type A UE CSI capability are inconsistent with the basic CSI feedback UE feature.
[bookmark: _Toc513890638]Proposal 1:	Type A CSI processing capability is not supported unless the UE supports advanced CSI processing capability.
Potential merging UE CSI processing Type A and Type B
According to current agreement, the CSI timing requirement is a function of 
CSI latency class, 
Subcarrier spacing,
Normal or advanced UE, and 
UE CSI processing capability Type A or Type B.  
Such fine granularity on CSI timing makes unnecessary complication in gNB scheduling.  
[bookmark: _Toc513890637]Observation 4:	Current CSI timing requirement is defined in an unnecessarily fine granularity.  Two UE CSI processing types complicate the gNB scheduling.
To fix the aforementioned problems (issues in Type A and scheduling complication), merging both types into one normal UE capability is preferred.  
At a first glance, Type A and Type B CSI processing capabilities are different from each other in terms of CSI processing unit (CPU) occupancy rules.  It is just part of the reason that we end up with different (Z, Z’) values for different types.  It is a common understanding that the CSI processing consumes not only computation resource but also storage resource.  For both Type A and Type B, the assignment of computation resource to a CSI report is quite similar.  The major difference behind these two types is how the memory resource is assigned, especially for the CSI reports based on P/SP CSI-RSs.
[bookmark: _Toc513890639]Proposal 2:	Strive to merge CSI processing capability Type A and Type B.
Discussion on memory resource assignment
The computation resource available for CSI processing is measured by X, the number of CPUs.  A UE is capable of updating up to X CSI reports simultaneously if the UE has X CPUs.  Similarly, we can define the memory resource available for CSI processing by  as a UE capability, where  is the maximum number of active NZP CSI-RS resources across all CCs with SCS index ,  is the maximum total number of ports in all active NZP CSI-RS resources across all CCs with SCS index .  An NZP CSI-RS resource is active in a duration of time defined as follows:
· For A-CSI-RS, starting from the end of the PDCCH containing the request, and ending at the end of the PUSCH containing the report associated with this A-CSI-RS.
· For SP-CSI-RS, starting from the end of the activation command is applied, and ending at the end of the deactivation command is applied.
· For P-CSI-RS, the activate duration ends when the P-CSI-RS configuration is released.
[bookmark: _GoBack]At any given time, the total number of the activate NZP CSI-RS resources across all CCs with SCS index  must be no larger than , otherwise the UE is not required to report updated CSI.  Note that  is a new UE capability defined across all supported codebook types, in addition to those defined in UE feature groups 2-36, 2-40, 2-41 and 2-43.  The parameter pairs defined in UE feature groups 2-36, 2-40, 2-41 and 2-43 are for individual codebook types, which also must be fulfilled when assigning memory resource to the CSI report for the corresponding codebook type.
[bookmark: _Toc513890640]Proposal 3:	An A-CSI-RS is active in the time duration starting from the end of the PDCCH containing the request, and ending at the end of the PUSCH containing the report associated with this A-CSI-RS.
[bookmark: _Toc513890641]Proposal 4:	An SP-CSI-RS is active in the time duration starting from the end of the activation command is applied, and ending at the end of the deactivation command is applied.
[bookmark: _Toc513890642]Proposal 5:	A P-CSI-RS is active in the time duration starting from RRC configuration setup, and ending at RRC configuration release.
[bookmark: _Toc513890643]Proposal 6:	A UE reports a list of supported combinations of a maximum number of active NZP CSI-RS resources across all CCs for a numerology and the maximum total number of ports in all active NZP CSI-RS resources all CCs for the same numerology.
[bookmark: _Toc513890644]Proposal 7:	A UE is not expected to update the CSI for a numerology, either if the number of active NZP CSI-RS resources across all CCs in the same numerology is above the reported capability, or if the total number ports in all active NZP CSI-RS resources across all CCs in the same numerology is above the reported capability.
CSI processing capability for SRS precoding
In addition to DL CSI measurement, the SRS precoding based on CSI-RS shall also be counted in the CSI processing capability.  When a SRS resource set is configured for non-codebook based UL and the SRS resource set is associated with a CSI-RS resource, the SRS resource transmission is treated as a high-latency CSI report with the same time-domain behavior in terms of CSI processing unit occupancy.  That is a periodic SRS resource set follows the rules for periodic CSI report, an aperiodic SRS resource set follows the rules for aperiodic CSI report, etc.
[bookmark: _Toc513890645]Proposal 8:	When a SRS resource set is configured for non-codebook based UL and the SRS resource set is associated with a CSI-RS resource, a CSI processing unit is assigned for the SRS resource set.  The CSI processing unit occupancy follows the rules for high-latency CSI report with the same time-domain behavior.  
Impact of different SCS in UL and DL
The values of (Z, Z') are in units of symbols.  The absolute timing requirement thus depends on the symbol duration which is determined by SCS (or  in [2]).  For example, the absolute timing related to Z is captured as  in [2].  Note that the  value may refer to the SCS of PDCCH, PUSCH, or CSI-RS.  In some scenarios, the SCS of the PDCCH might be different to CSI-RS.  If different SCS is used in the duration from the start of the PDCCH to the end of the PUSCH or in the duration from the start of the CSI-RS or CSI-IM resource to the end of the PUSCH,  in [2] should refer to the minimum SCS in the duration.
[bookmark: _Toc513890646]Proposal 9:	For CSI computation delay, the symbol duration is based on the minimum SCS of the PDCCH carrying the CSI request, the PUSCH carrying the report, and the CSI-RS/CSI-IM resource(s) linked with the report.  
[bookmark: _Ref513890456]Text proposal
--- Start of text proposal to Section 5.4 of TS38.214 ---
…
-	µ of table 5.4-2, table 5.4-3 and table 5.4-4  corresponds to the min (µDL, µUL) where the µDL corresponds to min (µPDCCH, µCSI-RS) given µPDCCH  is the subcarrier spacing of the PDCCH with which the DCI was transmitted, µCSI-RS is the subcarrier spacing of the CSI-RS intended to the A-CSI process respectively, and µUL corresponds to the subcarrier spacing of the PUSCH with which the CSI report is to be transmitted.
…
--- end of text proposal ---
CSI reporting vs BWP switching
In RAN1#92bis, the CSI reporting up on BWP switching was discussed.  It was agreed that when DL BWP is switched, the active PUCCH-based SP CSI reporting stays in its activated state but is suspended until the DL BWP is switched back, whereon it resumes.  But the UE behavior for other types of CSI reporting up on DL BWP switching needs to be clarified.
PUSCH-based SP CSI upon DL BWP switch
For PUSCH-based SP CSI up on DL BWP switching, there are two possible UE behaviors:
Alt-1: The SP-CSI report setting stays in activated state. CSI reporting is simply suspended until the DL BWP is switched back, whereon it resumes. 
Alt-2: The SP-CSI report setting transitions to inactivated state. New activation message is required to transition the SP-CSI report setting back to activated state. 
Alt-1 is similar to the behavior agreed for PUCCH-based SP-CSI.  The PUCCH-based SP-CSI is always reported in slot (kP + Y), k = 0, 1, 2, …, where P and Y are the RRC configured periodicity and slot offset, respectively.  The reporting instance is decoupled from the activation instance.  So, when the DL the BWP is switched back, the UE doesn’t need to change the reporting timeline.  Unlike the PUCCH-based SP-CSI, the PUSCH-based SP-CSI is reported in slot (n + kP + Y), k = 0, 1, 2, …, if it is activated in slot n.  That is the reporting instance of the PUSCH-based SP-CSI depends on the triggering instance in addition to the RRC configured periodicity and slot offset.  When the DL BWP is switched back, the UE needs to follow a new reporting timeline, e.g., in slot (n' + kP + Y), where n' is the earlies slot later than the BWP transition time.  From UE’s perspective, the “resumed” SP CSI report is a newly activated SP CSI report.  To avoid ambiguity, Alt-2 is preferred.
[bookmark: _Toc513890647]Proposal 10:	Upon DL BWP switch, the activated PUSCH-based SP-CSI report setting transitions to inactivated state. New activation message is required to transition the SP-CSI report setting back to activated state.
PUSCH-based SP CSI upon UL BWP switch
For PUCCH-based CSI report, a PUCCH-resource for each candidate UL BWP is configured so that CSI reporting can continue seamlessly upon UL BWP switch. However, for PUSCH-based SP-CSI, it is unclear what happens with upon UL BWP switch.  There are three alternatives:
Alt-1: The SP-CSI report setting stays in activated state, but is suspended since no resource allocation for the new UL BWP known
Alt-2: The SP-CSI report setting stays in activated state and CSI reporting resumes on the new UL BWP. The resource allocation for the new UL BWP is inferred by reinterpreting the bits in the RA field of the activation DCI for the old BWP
Alt-3: The SP-CSI report setting transitions to inactivated state
When an PUSCH-based SP-CSI is triggered, the UL resource is allocated for the active UL BWP at that time.  Once the UL BWP is switched, the UL resource allocated by the triggering DCI is invalid.  When the UL BWP is switched back, the UL resource previously allocated for SP-CSI may be recycled for other UL transmission.  A new UL resource may need to be allocated for the SP-CSI.  So, Alt-3 is a cleaner solution.
[bookmark: _Toc513890648]Proposal 11:	Upon UL BWP switch, the activated PUSCH-based SP-CSI report setting transitions to inactivated state. New activation message is required to transition the SP-CSI report setting back to activated state.
Activate/deactivate PUCCH-based SP CSI associated with inactive DL BWP
Another issue is whether it should be possible to activate a PUCCH-based SP-CSI report setting associated with a certain DL BWP prior to that DL BWP being activated, so that CSI reports can assume immediately after BWP switch, by sending an activation MAC CE while another DL BWP is active.  This is in fact using a DCI to activate a PUCCH-based SP CSI, which is contradict to the MAC CE activation/deactivation.  
[bookmark: _Toc513890649]Proposal 12:	The BWP ID in the SP-CSI activation/deactivation MAC CE message must indicate the currently active DL BWP. 
Conclusion
In this contribution, we discuss remaining issues of CSI reporting for NR-MIMO.  We have the following observation.
Observation 1:	The low latency class Z values for normal UE with Type A CSI processing capability violates the agreed PUSCH preparation time.
Observation 2:	When a single CSI trigger state triggers more than one CSI report, the CSI latency requirement for Type A UEs are problematic.
Observation 3:	The Z values for normal Type A UE CSI capability are inconsistent with the basic CSI feedback UE feature.
Observation 4:	Current CSI timing requirement is defined in an unnecessarily fine granularity.  Two UE CSI processing types complicate the gNB scheduling.
We made the following proposals.
Proposal 1:	Type A CSI processing capability is not supported unless the UE supports advanced CSI processing capability.
Proposal 2:	Strive to merge CSI processing capability Type A and Type B.
Proposal 3:	An A-CSI-RS is active in the time duration starting from the end of the PDCCH containing the request, and ending at the end of the PUSCH containing the report associated with this A-CSI-RS.
Proposal 4:	An SP-CSI-RS is active in the time duration starting from the end of the activation command is applied, and ending at the end of the deactivation command is applied.
Proposal 5:	A P-CSI-RS is active in the time duration starting from RRC configuration setup, and ending at RRC configuration release.
Proposal 6:	A UE reports a list of supported combinations of a maximum number of active NZP CSI-RS resources across all CCs for a numerology and the maximum total number of ports in all active NZP CSI-RS resources all CCs for the same numerology.
Proposal 7:	A UE is not expected to update the CSI for a numerology, either if the number of active NZP CSI-RS resources across all CCs in the same numerology is above the reported capability, or if the total number ports in all active NZP CSI-RS resources across all CCs in the same numerology is above the reported capability.
Proposal 8:	When a SRS resource set is configured for non-codebook based UL and the SRS resource set is associated with a CSI-RS resource, a CSI processing unit is assigned for the SRS resource set.  The CSI processing unit occupancy follows the rules for high-latency CSI report with the same time-domain behavior.
Proposal 9:	For CSI computation delay, the symbol duration is based on the minimum SCS of the PDCCH carrying the CSI request, the PUSCH carrying the report, and the CSI-RS/CSI-IM resource(s) linked with the report.
Proposal 10:	Upon DL BWP switch, the activated PUSCH-based SP-CSI report setting transitions to inactivated state. New activation message is required to transition the SP-CSI report setting back to activated state.
Proposal 11:	Upon UL BWP switch, the activated PUSCH-based SP-CSI report setting transitions to inactivated state. New activation message is required to transition the SP-CSI report setting back to activated state.
Proposal 12:	The BWP ID in the SP-CSI activation/deactivation MAC CE message must indicate the currently active DL BWP.
We propose adopting text proposals in Sections 2.2 and 3.6.
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