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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introductions
In this paper, we discuss several remaining issues on CSI acquisition need to be resolved in this meeting.

2. CSI report priority rules
In [1], we recognized the conflicts between TS 28.213 [2] and TS 38.214 [3] on priority rules for PUCCH-based CSI reporting.
In subclause 9.2.5 of TS 38.213, PUCCH-based CSI reporting is described as follows:
If a UE is configured with multiple PUCCH resources in a slot to transmit only CSI reports
-	if the UE is not provided multi-CSI-PUCCH-ResourceList or if PUCCH resources for transmissions of CSI reports do not overlap in the slot, the UE determines a first resource corresponding to a CSI report with the highest priority [6, TS 38.214] 
-	if the first resource includes PUCCH format 2, and if there are remaining resources in the slot that do not overlap with the first resource, the UE determines a CSI report with the highest priority, among the CSI reports with corresponding resources from the remaining resources, and a corresponding second resource as an additional resource for CSI reporting 
-	If the first resource includes PUCCH format 3 or PUCCH format 4, and if there are remaining resources in the slot that include PUCCH format 2 and do not overlap with the first resource, the UE determines a CSI report with the highest priority, among the CSI reports with corresponding resources from the remaining resources, and a corresponding second resource as an additional resource for CSI reporting
-	if the UE is provided multi-CSI-PUCCH-ResourceList and if any of the multiple PUCCH resources overlap, the UE multiplexes all CSI reports in a resource from the resources provided by multi-CSI-PUCCH-ResourceList, as described in Subclause 9.2.5.2
It implies that if two PUCCH-based CSI reports collide whatever the multi-CSI-PUCCH-ResourceList is configured or not, the UE will try to transmit both CSI reports.
But in TS 38.214 [3], the priority rules are addressed as:
When a UE is configured to transmit two colliding CSI reports, 
-	if y values are different between the two CSI reports, the following rules apply (for CSI reports transmitted on PUSCH, as described in Subclause 5.2.3; for CSI reports transmitted on PUCCH, as described in Subclause 5.2.4): 

-	The CSI report with higher  value shall not be sent by the UE.
-	otherwise, the two CSI reports are multiplexed or either is dropped based on the priority values, as described in Subclause 9.2.5.2 in [6, TS 38.213].
where y=2 is for semi-persistent CSI reports to be carried on PUCCH and y=3 is for periodic CSI reports to be carried always on PUCCH. According to the above procedure, when a semi-persistent CSI report on PUCCH overlaps with a periodic CSI report, whatever UE is configured with multi-CSI-PUCCH-ResourceList or not, UE shall drop the periodic CSI report. This goes against with the agreements that UE multiplexes both CSI reports in this case, regardless of the y value of the two CSI reports.
In [4], an updated flowchart in Figure 1 was proposed as common understanding.

Figure 1: The flowchart of CSI report priority rules given in [4]
Based on the above analysis, we make the following text proposal. The draft CR is given in our companion contribution.
Proposal 1: Text proposal for TS 38.214 section 5.2.5
------------------------------------------Start of Text Proposal ----------------------------------
5.2.5 Priority rules for CSI reports
< Unchanged parts are omitted >
Two CSI reports are said to collide if the time occupancy of the physical channels scheduled to carry the CSI reports overlap in at least one OFDM symbol and are transmitted on the same carrier. When a UE is configured to transmit two colliding CSI reports, 
-	if y values are different between the two CSI reports, the following rules apply except for the case when one of the y value is 2 and the other y value is 3 (for CSI reports transmitted on PUSCH, as described in Subclause 5.2.3; for CSI reports transmitted on PUCCH, as described in Subclause 5.2.4): 

-	The CSI report with higher  value shall not be sent by the UE.
-	otherwise, the two CSI reports are multiplexed or either is dropped based on the priority values, as described in Subclause 9.2.5.2 in [6, TS 38.213].
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ------------------------------------

3. CSI report configuration with reportQuantity set to ‘none’
When the CSI report is configured with reportQuantity = ‘none’, UE just needs to do CSI measurement but does not need to report any CSI in uplink.
From the resource allocation perspective, NR does not support to configure or schedule a PUCCH or PUSCH without any resource. In essence, for PUCCH resource allocation, configuring an empty PUCCH is impossible (for PUCCH format 4, 1 PRB is allocated; for PUCCH format 2/3, 1-16 PRBs is allocated). For PUSCH resource allocation in time-domain, neither PUSCH mapping type A nor type B can be set with the number of symbols L as 0. In frequency domain, if uplink resource allocation type 0 is configured/indicated, a bitmap with all 0s can be used to indicate a PUSCH without any resource; but if resource allocation type 1 is configured/indicated, the length in terms of virtually contiguously allocated resource blocks configured in the resource indication value (RIV) is at least 1. Therefore, uplink resource allocation type 1 cannot allocate a PUSCH without any resource. 
Thus, we need to consider UE behavior when it’s configured or scheduled with a null CSI report (i.e., a CSI report with reportQuantity = ‘none’). 
1) For a PUCCH with a P/SP-CSI report with reportQuantity = ‘none’
As shown in Figure 2, there are some overlapping cases between CSI PUCCH and other PUCCHs
· For a PUCCH with a normal P/SP-CSI report, when the CSI PUCCH overlaps with dynamic HARQ-ACK PUCCH (case 1), UE will need to check the multiplexing timeline before multiplexing, which may end up with an error case if the starting symbol of CSI PUCCH is earlier than that of HARQ-ACK PUCCH. This procedure is not reasonable for null CSI PUCCH, because there is no multiplexing of HARQ-ACK and CSI at all.
· When a normal CSI PUCCH overlaps with HARQ-ACK for SPS PDSCH (case 2), HARQ-ACK will be multiplexed with CSI on the CSI PUCCH resource. The behavior is not reasonable to just move the HARQ-ACK bits to a CSI PUCCH but without any CSI information if the CSI report is null.
· When a CSI PUCCH overlaps with a SR configuration, 1-bit will be multiplexed with CSI bits on the CSI PUCCH regardless the SR is positive or negative (case 3), if the CSI report is null, it is not reasonable to transmit only one 1-bit SR on a PUCCH carrying more than 2-bit UCI. 
A more appropriate UE behavior should be the UE ignores the PUCCH with null CSI report. Thus, there is no overlapping PUCCHs in case 1/2/3 shown in Figure 2.


[bookmark: _Ref528935092]Figure 2: CSI PUCCH overlaps with PUCCH with HARQ-ACK or SR
2) For a PUSCH with a SP/A-CSI report with reportQuantity = ‘none’ and UL-SCH indicator = ‘0’
gNB can trigger a SP/A-CSI without any CSI report by setting the reportQuantity = ‘none’. This null SP/A-CSI is triggered in the same way as that of normal SP/A-CSI, e.g., by DCI format 1_1. In addition, when UE is triggered with null SP/A-CSI and without UL-SCH, i.e., in the DCI, “UL-SCH indicator” set to 0 and trigger a SP/A-CSI with the setting of reportQuantity = ‘none’, UE has neither CSI report nor UL-SCH to transmit on the corresponding PUSCH.
In Figure 3, we show the cases that PUSCH with null CSI report and without UL-SCH (herein, we name it as empty PUSCH) overlaps with a PUCCH with HARQ-ACK or CSI report or positive SR. 
· When a normal PUSCH (PUSCH with SP/A-CSI report or UL-SCH) overlaps with HARQ-ACK PUCCH, before piggybacking HARQ-ACK on PUSCH, UE needs to check the multiplexing timeline first, which may end up with an error case since the timeline is referred to the earliest symbol among the overlapping channels rather than the starting symbol of PUCCH. For an empty PUSCH, there is no need to multiplex HARQ-ACK transmission on PUSCH, UE should transmit HARQ-ACK on PUCCH without any timeline check.
· When a PUSCH with non-null CSI report(s) overlaps with a PUCCH with CSI report(s), CSI report(s) on PUCCH with be dropped according to the current specification. But a more appropriate UE behavior is to transmit PUCCH with CSI report(s), since no SP/A-CSI reports are carried on the PUSCH. In addition, when the PUSCH with only null CSI report and with UL-SCH, CSI report(s) on PUCCH should be piggybacked on PUSCH.
· When a PUSCH with non-null CSI report(s) and without UL-SCH overlaps with a positive SR, UE should drop the PUSCH and transmit SR on PUCCH. Similarly, when an empty PUSCH overlaps with a positive SR, UE should drop the empty PUSCH and transmit SR on PUCCH.


[bookmark: _Ref528936739]Figure 3: PUSCH with null CSI without UL-SCH overlaps with HARQ-ACK/CSI/SR PUCCH
In general, from our understanding, if UE is scheduled with an empty PUSCH, a more appropriate UE behavior is to ignore the PUSCH transmission and treat it as there is no PUSCH, so for the above three cases shown in Figure 3, there is no collision between the PUSCH and other channels.
Refer to our companion contribution [5] for more details.
We have following proposals on this issue:
Proposal 2: When a CSI report on PUCCH is configured with reportQuantity = ‘none’, the UE ignores the CSI PUCCH resource.
· i.e., no CSI PUCCH transmission, thus
· no overlapping between the CSI PUCCH and other uplink channels
· Only for PUCCH for a P/SP-CSI report with reportQuantity = ‘none’

Proposal 3: When a UE is scheduled a PUSCH with reportQuantity = ‘none’ and UL-SCH indicator = ‘0’, the UE ignores the CSI PUSCH resource.
· i.e., no PUSCH transmission, thus
· no overlapping between the PUSCH and other channels
· Only for a PUSCH for a SP/A-CSI report with reportQuantity = ‘none’ and corresponding uplink grant UL-SCH indicator = ‘0’

Proposal 4: When a UE is scheduled a PUSCH with reportQuantity = ‘none’ and UL-SCH indicator not equaling ‘0’, if the PUSCH overlaps with a PUCCH with CSI reports
· UE multiplexes the CSI reports carrying by PUCCH with UL-SCH on PUSCH.

4. CPU occupancy for P-3
In [6], CPU occupancy for the L1-RSRP reporting was merged with other types of CSI reporting, and the CSI reference resource definition was extended to accommodate L1-RSRP reporting. But for beam management P-3, i.e., when a CSI report with reportQuantity is set to ‘none’ and trs-Info is not configured, similar measurement shall be performed by the UE as L1-RSRP reporting. As described in TS38.214 [3], OCPU=1 for a CSI report with CSI-ReportConfig with higher layer parameter reportQuantity set to 'cri-RSRP', 'ssb-Index-RSRP' or 'none' (and CSI-RS-ResourceSet with higher layer parameter trs-Info not configured).
The CPU occupancy period for P-3 can follow the criteria for L1-RSRP reporting according to the allocated PUCCH/PUSCH resources on which actually no report is transmitted for CSI-only report. As a matter of fact, since there is no CSI report transmitted on the PUSCH/PUCCH, CPU can be released as soon as possible when CSI computation is completed without encoding any CSI report in PUSCH/PUCCH. If the PUSCH/PUCCH is ignored as our proposal in Section 3, the PUSCH/PUCCH cannot be referred.  In this case,  and  for L1-RSRP reporting can be used for determining the starting time and ending time of the CPU occupancy.
Proposal 5: Text proposal for TS 38.214
------------------------------------------Start of Text Proposal ----------------------------------
For a CSI report with CSI-ReportConfig with higher layer parameter reportQuantity not set to 'none', Tthe CPU(s) are occupied for a number of OFDM symbols as follows:
-	A periodic or semi-persistent CSI report (excluding an initial semi-persistent CSI report on PUSCH after the PDCCH triggering the report) occupies CPU(s) from the first symbol of the earliest one of each CSI-RS/CSI-IM/SSB resource for channel or interference measurement, respective latest CSI-RS/CSI-IM/SSB occasion no later than the corresponding CSI reference resource, until the last symbol of the PUSCH/PUCCH carrying the report.
-	An aperiodic CSI report occupies CPU(s) from the first symbol after the PDCCH triggering the CSI report until the last symbol of the PUSCH carrying the report.
-     An initial semi-persistent CSI report on PUSCH after the PDCCH trigger occupies CPU(s) from the first symbol after the PDCCH until the last symbol of the PUSCH carrying the report.
For a CSI report with CSI-ReportConfig with higher layer parameter reportQuantity set to 'none' and CSI-RS-ResourceSet with higher layer parameter trs-Info is not configured, the CPU(s) are occupied for a number of OFDM symbols as follows:
-	A periodic or semi-persistent CSI report (excluding an initial semi-persistent CSI report on PUSCH after the PDCCH triggering the report) occupies CPU(s) from the first symbol of the earliest one of each transmission occasion of periodic or semi-persistent CSI-RS/SSB resource for channel measurement for L1-RSRP computation, until  symbols after the last symbol of the latest one of the CSI-RS/SSB resource for channel measurement for L1-RSRP computation in each transmission occasion.
-	An aperiodic CSI report occupies CPU(s) from the first symbol after the PDCCH triggering the CSI report until the last symbol between  symbols after the first symbol after the PDCCH triggering the CSI report and  symbols after the last symbol of the latest one of each CSI-RS/SSB resource for channel measurement for L1-RSRP computation.
where  are defined in the table 5.4-2.
--------------------------------------- End of Text Proposal ------------------------------------

5. Conclusion
In this contribution, we have the following proposals for CSI acquisition.
Proposal 1: Text proposal for TS 38.214 section 5.2.5
------------------------------------------Start of Text Proposal ----------------------------------
5.2.5 Priority rules for CSI reports
< Unchanged parts are omitted >
Two CSI reports are said to collide if the time occupancy of the physical channels scheduled to carry the CSI reports overlap in at least one OFDM symbol and are transmitted on the same carrier. When a UE is configured to transmit two colliding CSI reports, 
-	if y values are different between the two CSI reports, the following rules apply except for the case when one of the y value is 2 and the other y value is 3 (for CSI reports transmitted on PUSCH, as described in Subclause 5.2.3; for CSI reports transmitted on PUCCH, as described in Subclause 5.2.4): 

-	The CSI report with higher  value shall not be sent by the UE.
-	otherwise, the two CSI reports are multiplexed or either is dropped based on the priority values, as described in Subclause 9.2.5.2 in [6, TS 38.213].
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ------------------------------------

Proposal 2: When a CSI report on PUCCH is configured with reportQuantity = ‘none’, the UE ignores the CSI PUCCH resource.
· i.e., no CSI PUCCH transmission, thus
· no overlapping between the CSI PUCCH and other uplink channels
· Only for PUCCH for a P/SP-CSI report with reportQuantity = ‘none’

Proposal 3: When a UE is scheduled a PUSCH with reportQuantity = ‘none’ and UL-SCH indicator = ‘0’, the UE ignores the CSI PUSCH resource.
· i.e., no PUSCH transmission, thus
· no overlapping between the PUSCH and other channels
· Only for a PUSCH for a SP/A-CSI report with reportQuantity = ‘none’ and corresponding uplink grant UL-SCH indicator = ‘0’

Proposal 4: When a UE is scheduled a PUSCH with reportQuantity = ‘none’ and UL-SCH indicator not equaling ‘0’, if the PUSCH overlaps with a PUCCH with CSI reports
· UE multiplexes the CSI reports carrying by PUCCH with UL-SCH on PUSCH.

Proposal 5: Text proposal for TS 38.214
------------------------------------------Start of Text Proposal ----------------------------------
For a CSI report with CSI-ReportConfig with higher layer parameter reportQuantity not set to 'none', Tthe CPU(s) are occupied for a number of OFDM symbols as follows:
-	A periodic or semi-persistent CSI report (excluding an initial semi-persistent CSI report on PUSCH after the PDCCH triggering the report) occupies CPU(s) from the first symbol of the earliest one of each CSI-RS/CSI-IM/SSB resource for channel or interference measurement, respective latest CSI-RS/CSI-IM/SSB occasion no later than the corresponding CSI reference resource, until the last symbol of the PUSCH/PUCCH carrying the report.
-	An aperiodic CSI report occupies CPU(s) from the first symbol after the PDCCH triggering the CSI report until the last symbol of the PUSCH carrying the report.
-     An initial semi-persistent CSI report on PUSCH after the PDCCH trigger occupies CPU(s) from the first symbol after the PDCCH until the last symbol of the PUSCH carrying the report.
For a CSI report with CSI-ReportConfig with higher layer parameter reportQuantity set to 'none' and CSI-RS-ResourceSet with higher layer parameter trs-Info is not configured, the CPU(s) are occupied for a number of OFDM symbols as follows:
-	A periodic or semi-persistent CSI report (excluding an initial semi-persistent CSI report on PUSCH after the PDCCH triggering the report) occupies CPU(s) from the first symbol of the earliest one of each transmission occasion of periodic or semi-persistent CSI-RS/SSB resource for channel measurement for L1-RSRP computation, until  symbols after the last symbol of the latest one of the CSI-RS/SSB resource for channel measurement for L1-RSRP computation in each transmission occasion.
-	An aperiodic CSI report occupies CPU(s) from the first symbol after the PDCCH triggering the CSI report until the last symbol between  symbols after the first symbol after the PDCCH triggering the CSI report and  symbols after the last symbol of the latest one of each CSI-RS/SSB resource for channel measurement for L1-RSRP computation.
where  are defined in the table 5.4-2.
--------------------------------------- End of Text Proposal ------------------------------------
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