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[bookmark: _Ref494215420]Introduction
During the last meeting [1], some FFS issues on CSI acquisition were pointed out. In this contribution, we first discuss some details regarding CPU occupancy rules. Regarding the FFS issues, we gave our views on the timing requirement Z for beam report. Also, we provide some corrections on the specification.
CPU occupancy of initial SP-CSI report on PUSCH
During the last meeting, CPU occupancy for A-CSI report based on P/SP CSI-RS was refined to avoid ‘non-causal CPU occupancy’ case, the agreement can be found below,
	Agreement
· Refine the CPU occupation for A-CSI report based on P/SP CSI-RS as starting from the first symbol after the PDCCH triggering the report until the last symbol of the PUSCH carrying the report.



Similarly, for initial SP-CSI report triggered by DCI, ‘non-causal CPU occupancy’ issue can also be identified. According to the agreement made during RAN1#93 meeting, CPU occupancy rule for SP-CSI report can be found highlighted below,
	Agreement:
· CPU occupancy rules for Table 2
· When single DCI triggers N>=1 A-CSI reports based on A-CSI-RS (each with single CSI-RS resource in the set for channel measurement), 
· min(M, N) CPUs are occupied from the first symbol after the PDCCH triggering the report until the last symbol of the PUSCH carrying the report
· For A/P/SP CSI reporting based on P/SP CSI-RS
· The CSI reporting setting associated with P/SP CSI-RS/CSI-IM resource is assigned [one or Ks] CSI processing unit(s) and occupiedy [it or them] from the earliest one of the first symbol of the latest CSI-RS/CSI-IM resource earlier than the corresponding CSI reference resource until the last symbol of the PUSCH/PUCCH carrying the report



Thus, similar example as shown in [2] can be reused to illustrate this issue. For the ‘non-causal case’, according to CPU occupancy rules, CPU is occupied before triggering DCI, as shown below,



Figure 2-1 CPU occupation for non-causal case
In order to achieve ‘non-causal case’, for each P/SP CSI-RS transmission occasion, UE shall buffer the CSI-RS, and determines that Ks CPUs are hypothetically occupied. If triggering DCI is present, the hypothetically occupied CPUs are truly occupied and the UE shall start the CSI calculation. However, if triggering DCI is not present, the hypothetically occupied CPUs should be released. Thus between CSI-RS and triggering DCI, UE cannot determine the actually number of occupied CPUs. During this ambiguous time, if another CSI report is present, for example P CSI report, whether to start the P CSI calculation is not clear. Which may also affect the calculation of the future A-CSI report.
Observation 1: For initial SP-CSI report triggered by DCI, ‘non-causal CPU occupancy’ issue can also be identified.
To solve this issue, similar solution as for A-CSI report based on P/SP CSI-RS can be considered, i.e. refine the CPU occupation for the initial SP-CSI report after the trigger as starting from the first symbol after the PDCCH triggering the report until the last symbol of the PUSCH carrying the report.
Proposal 1: Refine the CPU occupation for the initial SP-CSI report after the trigger as starting from the first symbol after the PDCCH triggering the report until the last symbol of the PUSCH carrying the report.
CPU assignment order when two CSI calculations start from the same symbol
In the last few meetings, CPU has been defined to indicate how many CSI calculations a UE can process simultaneously. CPU occupancy rules are used to make sure that gNB and UE have the same understanding of which CSI report(s) should be calculated and reported.
During the last meeting, it was concluded that CSI reports are assigned to CPUs on the symbol where CPU occupancy starts. For different A-CSI reports triggered by the same DCI, CPU assignment order has been defined as below,
	Agreement:
· When a single DCI triggers N >= 1 A-CSI reports RS (each with single CSI-RS resource in the set for channel measurement) ((Zn, Z'n) for report n), but UE only has M<=X unoccupied CSI processing units, UE is only required to update M of the N CSI reports 
· Additionally, CSI for a report n=0,1,…M-1 is not updated if the PUSCH scheduling offset does not give enough CSI calculation time for that CSI report according to  where the reports are indexed according to the priority rule in Section 5.2.5 of TS38.214 


  
However, for the case of two CSI reports with different time domain behavior or with the same time domain behavior of periodic/semi-persistent, if CPU occupancy of these two reports start at the same symbol, CPU assignment order is missing and should be specified.
Noted that priority rule in Section 5.2.5 of [2] has been used to determine CPU assignment order for different A-CSI reports, we can consider to reuse the priority rule to solve the similar issues. Thus, a unified CPU assignment order for CSI reports with different/same time domain behavior can be applied.
Proposal 2: For CSI reports with different/same time domain behavior, when CPU occupancy of these CSI reports start at the same symbol, CPU assignment order is defined to reuse the priority rule in Section 5.2.5 of TS38.214.
Timing requirement Z for beam report
In RAN1#93, it has been agreed that timing requirement Z’ for beam report is based on the reported beam report timing values in capability 2-25,
	Agreement
L1-RSRP reporting is treated as a new Latency Class where the Z’ values follow the reported beam report timing values in capability 2-25  


  
The timing requirement Z for beam report has been discussed for several meetings and is still FFS. 
According to the agreement shown below, it’s not necessary to guarantee that UE has enough time to derive QCL information configuration from DCI when CSI-RS is used for CSI acquisition. For the similar reason, if gNB need to do P-2 procedure with default Rx beam from UE, gNB may trigger CSI-RS for beam report with a shorter delay than a threshold. Therefore capability 2-28 should not be a restriction when discussing timing requirement Z for beam report.
	Agreement
NW may schedule an ap-CSI-RS with a shorter delay than a threshold, and the UE applies a default QCL assumption 
· At least applies for CSI-RS for CSI acquisition 
· All CSI-RS symbols in one resource set should be below the threshold or all CSI-RS symbols in one resource set should be above the threshold
· FFS: Default QCL assumption
· FFS: Exact threshold with reference to UE capability 


  
Since Z’ is based on capability 2-25, it is not possible to define/reuse a timing requirement table with fixed values for Z. From our understanding, the timing difference between Z and Z’ is the additional DCI decoding time, which means Z should be Z’ plus N symbols. Regarding the DCI decoding time N, according to our evaluation, it should have different value in different subcarrier spacing, and we suggest N=2 for µ =0, N=4 for µ =1, N=8 for µ =2, N=16 for µ =3.
Proposal 3: The timing requirement Z for beam report is derived by capability 2-25 plus N symbols, N=2 for µ =0, N=4 for µ =1, N=8 for µ =2, N=16 for µ =3.
TP on Section 5.2.1.2 of TS 38.214
In RAN1#AH3, the following combinations of CMR and CSI-IM based IMR with different time domain behaviors have been agreed,
	Agreement:
· Following combinations are supported.
· For periodic CSI reporting, 
	 
	PR CMR
	SP CMR
	AP CMR

	PR IMR
	YES
	NO
	NO

	SP IMR
	NO
	NO
	NO

	AP IMR
	NO
	NO
	NO


· For semi-persistent CSI reporting,
	 
	PR CMR
	SP CMR
	AP CMR

	PR IMR
	YES
	FFS
	NO

	SP IMR
	FFS
	YES
	NO

	AP IMR
	NO
	NO
	NO


· For aperiodic CSI reporting,
	 
	PR CMR
	SP CMR
	AP CMR

	PR IMR
	YES
	FFS
	FFS

	SP IMR
	FFS
	YES
	FFS

	AP IMR
	FFS
	FFS
	YES


· Note: abbreviation of the table
· CMR(channel measurement resource): NZP CSI-RS configured for channel measurement
· IMR(interference measurement resource): ZP CSI-RS configured for interference measurement
· PR(periodic), SP(semi-persistent), AP(aperiodic)
Agreement:
For ZP CSI-RS based IMR, following combinations of P/SP/AP CMR and IMR are supported
For semi-persistent CSI reporting,
	
	PR CMR
	SP CMR
	AP CMR

	PR IMR
	YES
	NO
	NO

	SP IMR
	NO
	YES
	NO

	AP IMR
	NO
	NO
	NO


For aperiodic CSI reporting,
	
	PR CMR
	SP CMR
	AP CMR

	PR IMR
	YES
	NO
	NO

	SP IMR
	NO
	YES
	NO

	AP IMR
	NO
	NO
	YES





  
However, such restrictions were not captured in specification. Regarding NZP CSI-RS based IMR, only aperiodic CSI report is supported, and NZP CSI-RS based IMR can be periodic, semi-persistent as well as aperiodic. Since there’s no agreement when CMR is combined with IMR, we propose to reuse the restrictions for the case when CMR is combined with NZP CSI-RS based IMR.
Proposal 4: Adopt the following text proposal for TS 38.214.
/************************ Start of Text Proposal **************************/
5.2.1.2	Resource settings
/************************ Unchanged parts omitted**************************/
The time domain behavior of the CSI-RS resources within a CSI Resource Setting are indicated by the higher layer parameter resourceType and can be set to aperiodic, periodic, or semi-persistent. For periodic and semi-persistent CSI Resource Settings, the number of CSI-RS Resource Sets configured is limited to S=1. For periodic and semi-persistent CSI Resource Settings, the configured periodicity and slot offset is given in the numerology of its associated DL BWP, as given by bwp-id. When a UE is configured with multiple CSI-ResourceConfigs consisting the same NZP CSI-RS resource ID, the same time domain behavior shall be configured for the CSI-ResourceConfigs. When a UE is configured with multiple CSI-ResourceConfigs consisting the same CSI-IM resource ID, the same time-domain behavior shall be configured for the CSI-ResourceConfigs. All CSI Resource Settings linked to a CSI Report Setting should have the same time domain behavior.
/************************ End of Text Proposal **************************/
TP on Section 5.2.1.5.1 of TS 38.214
In RAN1#92, there was an agreement about excluding the case that for uplink non-CA case, aperiodic CSI reports triggered by different CSI requests may transmit on overlapping symbols. In RAN1#92b, in UCI multiplexing agenda, there was a conclusion explaining that for both CA and non-CA cases, aperiodic CSI reports triggered by different CSI requests should not be triggered for transmission in the same slot. These agreement and conclusion can be found below, and both of them have been captured in the specification, as shown highlighted below.
	Agreement(RAN1#92):
· For the uplink non-CA case, a UE is not expected to transmit more than one aperiodic CSI reports triggered by different DCIs on overlapping OFDM symbols.
· [bookmark: _MailEndCompose]For the uplink CA case, the number of aperiodic CSI reports triggered by different DCIs on overlapping OFDM symbols is to be decided in the UL control session 
Conclusion(RAN1#92b):
· [bookmark: OLE_LINK71][bookmark: OLE_LINK72][bookmark: OLE_LINK73][bookmark: OLE_LINK74]It is clarified that based on this sentence of “A UE is not expected to receive more than one aperiodic CSI report request for a given slot” in Section 5.2.1.5.1 in 38.214 V15.0.1, for a given slot, UE is not expected to transmit CSI report triggered by more than one CSI requests received in multiple DCIs, in both CA and non-CA scenarios, unless for a given CC where it is possible that two or more DCIs may trigger the same CSI report
· No spec update is necessary.

	[bookmark: _Toc517439480][bookmark: _Hlk498639079]5.2.1.5.1	Aperiodic CSI Reporting/Aperiodic CSI-RS
[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. For aperiodic CSI report triggering, a single set of CSI triggering states are higher layer configured, wherein the CSI triggering states can be associated with any candidate DL BWP. A UE is not expected to receive more than one DCI with non-zero CSI request per slot. A UE is not expected to receive more than one aperiodic CSI report request for transmission in a given slot. A UE is not expected to be triggered with a CSI report for a non-active DL BWP. A trigger state is initiated using the CSI request field in DCI.
/************************ omitted**************************/
If the UE is configured with a single carrier for uplink, the UE is not expected to transmit more than one aperiodic CSI report triggered by different DCIs on overlapping OFDM symbols.



From our point of view, the conclusion from RAN1#92b is more restrictive and makes the agreement from RAN1#92 redundant, so we proposal to remove the second highlighted sentence. 
Regarding the sentence ‘A UE is not expected to receive more than one aperiodic CSI report request for transmission in a given slot’, we propose to modify it to better align with the conclusion from RAN1#92b.
Proposal 5: Adopt the following text proposal for TS 38.214.
/************************ Start of Text Proposal **************************/
5.2.1.5.1	Aperiodic CSI Reporting/Aperiodic CSI-RS
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. For aperiodic CSI report triggering, a single set of CSI triggering states are higher layer configured, wherein the CSI triggering states can be associated with any candidate DL BWP. A UE is not expected to receive more than one DCI with non-zero CSI request per slot. For a given slot, a UE is not expected to transmit CSI reports triggered by more than one DCI with non-zero CSI request. A UE is not expected to receive more than one aperiodic CSI report request for transmission in a given slot. A UE is not expected to be triggered with a CSI report for a non-active DL BWP. A trigger state is initiated using the CSI request field in DCI.
/************************ Unchanged parts omitted**************************/
If the UE is configured with a single carrier for uplink, the UE is not expected to transmit more than one aperiodic CSI report triggered by different DCIs on overlapping OFDM symbols.
/************************ End of Text Proposal **************************/
Conclusion
In this contribution, we summarize the remaining issues on CSI acquisition from our perspective. Based on the discussion, we have the following observations and proposals:
Observation 1: For initial SP-CSI report triggered by DCI, ‘non-causal CPU occupancy’ issue can also be identified.
Proposal 1: Refine the CPU occupation for the initial SP-CSI report after the trigger as starting from the first symbol after the PDCCH triggering the report until the last symbol of the PUSCH carrying the report.
Proposal 2: For CSI reports with different/same time domain behavior, when CPU occupancy of these CSI reports start at the same symbol, CPU assignment order is defined to reuse the priority rule in Section 5.2.5 of TS38.214.
Proposal 3: The timing requirement Z for beam report is derived by capability 2-25 plus N symbols, N=2 for µ =0, N=4 for µ =1, N=8 for µ =2, N=16 for µ =3.
Proposal 4: Adopt the following text proposal for TS 38.214.
/************************ Start of Text Proposal **************************/
5.2.1.2	Resource settings
/************************ Unchanged parts omitted**************************/
The time domain behavior of the CSI-RS resources within a CSI Resource Setting are indicated by the higher layer parameter resourceType and can be set to aperiodic, periodic, or semi-persistent. For periodic and semi-persistent CSI Resource Settings, the number of CSI-RS Resource Sets configured is limited to S=1. For periodic and semi-persistent CSI Resource Settings, the configured periodicity and slot offset is given in the numerology of its associated DL BWP, as given by bwp-id. When a UE is configured with multiple CSI-ResourceConfigs consisting the same NZP CSI-RS resource ID, the same time domain behavior shall be configured for the CSI-ResourceConfigs. When a UE is configured with multiple CSI-ResourceConfigs consisting the same CSI-IM resource ID, the same time-domain behavior shall be configured for the CSI-ResourceConfigs. All CSI Resource Settings linked to a CSI Report Setting should have the same time domain behavior.
/************************ End of Text Proposal **************************/
Proposal 5: Adopt the following text proposal for TS 38.214.
/************************ Start of Text Proposal **************************/
5.2.1.5.1	Aperiodic CSI Reporting/Aperiodic CSI-RS
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. For aperiodic CSI report triggering, a single set of CSI triggering states are higher layer configured, wherein the CSI triggering states can be associated with any candidate DL BWP. A UE is not expected to receive more than one DCI with non-zero CSI request per slot. For a given slot, a UE is not expected to transmit CSI reports triggered by more than one DCI with non-zero CSI request. A UE is not expected to receive more than one aperiodic CSI report request for transmission in a given slot. A UE is not expected to be triggered with a CSI report for a non-active DL BWP. A trigger state is initiated using the CSI request field in DCI.
/************************ Unchanged parts omitted**************************/
If the UE is configured with a single carrier for uplink, the UE is not expected to transmit more than one aperiodic CSI report triggered by different DCIs on overlapping OFDM symbols.
/************************ End of Text Proposal **************************/
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