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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introductions
In RAN #94 meetings, the following issues on CSI acquisition maintenance for Rel-15 were listed to be discussed in the next meeting [1]:
· CPU occupancy starting time for L1-RSRP reporting
· Z timing requirement (from triggering PDCCH to start of PUSCH) for L1-RSRP reporting
· Solution to avoid transmission of CSI for inactive/suspended BWP without changing the definition of valid downlink slot of the CSI reference resource.
In this paper, we discuss several important remaining issues need to be resolved in this meeting.

2. Discussion on multi-CSI PUCCH resource
In RAN1 #93 meeting, the following agreement was made in PUCCH section [2]
Agreements:
· On a per PUCCH group basis:
· If a UE is configured with overlapping PUCCH resources for CSI-only reporting in a slot,
· If a UE is configured with multi-CSI-PUCCH-Config, the UE multiplexes all the CSI reports corresponding to CSI only PUCCH resources (overlapping or not) in the slot on a single multi-CSI-PUCCH resource, following the agreed priority rules for CSI reporting.
· If a UE is not configured with multi-CSI-PUCCH-Config, among all the PUCCH resources for CSI reporting, the UE selects maximum two non-overlapping PUCCH resources for CSI reports with the highest priority.
· If two non-overlapping PUCCH resources are selected, they include at least one with PUCCH format 2. 
· For CSI-only reporting in a slot, if a UE is configured with more than two non-overlapping CSI reports in a slot, the UE selects the maximum two PUCCH resources with the highest priority CSI repots.
· If two non-overlapping PUCCH resources are selected, they include at least one with PUCCH format 2.
From our understanding, this agreement does not distinguish between periodic-CSI reports and semi-persistent CSI reports, which means if a periodic-CSI report on PUCCH overlaps with a semi-persistent CSI report on PUCCH in time and if UE is configured with multi-CSI-PUCCH-ResourceList, UE would multiplex both of these two types of CSI reports in one PUCCH resource configured in multi-CSI-PUCCH-ResourceList (shown as case 1 in Figure 1).
However, in RAN1 #94 meeting, there was an agreement in MIMO session as following [1]
Agreement:
Text proposal for TS38.214
-----------------------------------------------------Start of TP for 38.214--------------------------------------------------------5.2.5	Priority rules for CSI reports
< Unchanged parts are omitted >

A first CSI report is said to have priority over second CSI report if the associated  value is lower for the first report than for the second report.
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 (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 38.213.
If a semi-persistent CSI report to be carried on PUSCH collides with PUSCH data transmission, when the starting symbols between the two channels are aligned, the CSI report shall not be transmitted by the UE.
------------------------------------------------------------END of TP------------------------------------------------------

As given in [3], 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 in [3], 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 (shown as case 1 in Figure 1). This goes against with the agreements made in RAN1 #93 meeting, where UE transmits both CSI reports in this case, regardless of the y value of the two CSI reports.
Moreover, as the case 2 in Figure 1 shows, there are four CSI PUCCHs including one SP-CSI on PUCCH and three P-CSI on PUCCH within one slot, assuming the priority order is SP-CSI>P-CSI 1>P-CSI 2>P-CSI 3. Since P-CSI 1 overlaps with SP-CSI on PUCCH, UE shall drop P-CSI 1 according to the above TP for TS38.214, and then there are still three CSI PUCCHs left, since P-CSI 2 and P-CSI 3 overlapped with each other and UE is configured with multi-CSI-PUCCH-ResourceList, UE would multiplex these three CSI reports in one PUCCH resource. Note that P-CSI 1 has higher priority than P-CSI 2 and P-CSI 3 and UE has enough resource to transmit P-CSI 1 (multi-CSI-PUCCH-ResourceList), but UE drops P-CSI 1 and transmit P-CSI 2 and P-CSI 3, which seems to be some irrational. 
[image: ]
Figure 1: Overlapping of P-CSI and SP-CSI on PUCCH
In our view, if we stick to the agreements before this TP, when a UE is configured to transmit two colliding CSI reports on PUCCHs, and if UE is configured with multi-CSI-PUCCH-ResourceList, the two CSI reports are multiplexed (regardless of y value), as described in Subclause 9.2.5.2 in 38.213; if UE is not configured with multi-CSI-PUCCH-ResourceList, either is dropped based on the priority values, as described in Subclause 9.2.5.2 in TS 38.213 (In Subclause 9.2.5.2 in TS 38.213, it describes both cases that a UE is not configured with multi-CSI-PUCCH-ResourceList or not). Otherwise, it means the colliding is between two CSI reports configured to transmit on PUCCH and PUSCH or PUSCHs. In these cases, y values are definitely different between the two CSI reports. Then, the CSI report with higher PriiCSI (y,k,c,s) value shall not be sent by the UE.
Based on the above analysis, we make the following proposal.
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 >
A first CSI report is said to have priority over second CSI report if the associated [image: C:\Users\vivo\Evernote\TEMP\enhtmlclip\Image(4).png]value is lower for the first report than for the second report.
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 38.213.
If a semi-persistent CSI report to be carried on PUSCH collides with PUSCH data transmission, when the starting symbols between the two channels are aligned, the CSI report shall not be transmitted by the UE.
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ------------------------------------

3. CSI report configuration with reportQuantity set to ‘none’
A CSI report with CSI-ReportConfig with higher layer parameter reportQuantity set to ‘none’ and CSI-RS-ResourceSet with high layer parameter trs-Info configured is used for UE perform TRS tracking, while a CSI report with reportQuantity set to ‘none’ and trs-Info not configured can be used for P-3. Both cases imply nothing reported on the allocated PUSCH/PUCCH.
For PUCCH resource allocation, configuring an empty PUCCH is impossible for all formats.
For PUSCH resource allocation in time-domain, neither PUSCH mapping type A nor type B can be set with the number of consecutive symbols L as 0. In frequency domain, if uplink resource allocation type 0 is configured, a bitmap with all 0s can be used to indicate an empty PUSCH; but if resource allocation type 1 is configured, 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 an empty PUSCH.
We can clarify that when higher layer parameter reportQuantity set to ‘none’, the UE ignores the configured PUSCH/PUCCH resource.
Since there is no CSI report for the both cases, the higher layer parameter reportConfigType in CSI-ReporConfig which configures the CSI report time-domain behavior from choices of periodic, semiPersistentOnPUCCH, semiPersistentOnPUSCH, and aperiodic. If higher layer parameter reportQuantity is set to ‘none’, the parameter reportConfigType can be useless. The time-domain behavior of TRS tracking and P-3 beam measurement can depend on that of the associated the CSI-RS. So we have the following proposals.
Proposal 2: For the DCI triggered CSI report with reportQuantity set to ‘none’, the corresponding PUSCH resource allocation in the DCI field is ignored.
Proposal 3: For periodic/semi-persistent CSI-RS with repetition on, they are not expected to be associated with any periodic/semi-persistent report setting.

4. Other text proposals
5.1  UE measurement behavior outside the DRX active time
In RAN1 #93 meeting, the following agreement was made on CSI measurement for DRX mode:
Agreement:
The most recent CSI measurement occasion occurs in DRX Active time for CSI to be reported.
The similar behavior for CSI-RS for mobility has been captured in section 5.1.6.1.3 [3]:
If the UE is configured with DRX, the UE is not required to perform measurement of CSI-RS resources other than during the active time for measurements based on CSI-RS-Resource-Mobility. 
For CSI report, the behavior should also be captured in TS 38.214.
[bookmark: _Hlk513713383]Proposal 4: Text proposal for 38.214 section 5.1.6.1, 5.1.6.1.3 and 5.2.2.1.1.
[bookmark: _Toc517439461]------------------------------------------Start of Text Proposal ----------------------------------
5.1.6.1	CSI-RS reception procedure
The CSI-RS defined in Subclause 7.4.1.5 of [4, TS 38.211], may be used for time/frequency tracking, CSI computation, L1-RSRP computation and mobility.
If the UE is configured with a CSI-RS resource and a search space set associated with a CORESET in the same OFDM symbol(s), the UE may assume that the CSI-RS and a PDCCH DM-RS transmitted in all the search space sets associated with CORESET are quasi co-located with 'QCL-TypeD', if 'QCL-TypeD' is applicable. Furthermore, the UE shall not expect to be configured with the CSI-RS in PRBs that overlap those of the CORESET in the OFDM symbols occupied by the search space set(s).
The UE is not expected to receive CSI-RS and [SystemInformationBlockType1] message in the overlapping PRBs in the OFDM symbols where [SystemInformationBlockType1] is transmitted.
If the UE is configured with DRX, the UE is not required to perform measurement of CSI-RS resources other than during the active time for measurements based on CSI-RS-Resource-Mobility, and the UE is not required to perform CSI measurement of CSI-RS resources other than during the active time.
< Unchanged parts are omitted >
[bookmark: _Toc517439464]5.1.6.1.3	CSI-RS for mobility
If a UE is configured with the higher layer parameter CSI-RS-Resource-Mobility and the higher layer parameter associatedSSB is not configured, the UE shall perform measurements based on CSI-RS-Resource-Mobility and the UE may base the timing of the CSI-RS resource on the timing of the serving cell.
If a UE is configured with the higher layer parameters CSI-RS-Resource-Mobility and associatedSSB, the UE may base the timing of the CSI-RS resource on the timing of the cell given by the cellId of the CSI-RS resource configuration. Additionally, for a given CSI-RS resource, if the associated SS/PBCH block is configured but not detected by the UE, the UE is not required to monitor the corresponding CSI-RS resource. The higher layer parameter isQuasiColocated indicates whether the associated SS/PBCH block given by the associatedSSB and the CSI-RS resource(s) are quasi co-located with respect to ['QCL-TypeD']. 
If the UE is configured with DRX, the UE is not required to perform measurement of CSI-RS resources other than during the active time for measurements based on CSI-RS-Resource-Mobility. 
If the UE is configured with DRX and DRX cycle in use is larger than 80 ms, the UE may not expect CSI-RS resources are available other than during the active time for measurements based on CSI-RS-Resource-Mobility. Otherwise, the UE may assume CSI-RS are available for measurements based on CSI-RS-Resource-Mobility.
< Unchanged parts are omitted >
5.2.2.1.1	CSI reference resource definition
A slot in a serving cell shall be considered to be a valid downlink slot if:
-	it comprises at least one higher layer configured downlink or flexible symbol, and
-	it does not fall within a configured measurement gap for that UE, and
-	the active DL BWP in the slot is the same as the DL BWP for which the CSI reporting is performed, and
-	there is at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement in DRXS Active Time no later than CSI reference resource for which the CSI reporting is performed.
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ------------------------------------

5.2 CPU occupancy for aperiodic CSI report
Current update on CPU occupancy for aperiodic CSI report in section 5.2.1.6 in [3] is as follows:
“If a UE receives an aperiodic CSI request for N CSI reports, on an OFDM symbol with  unoccupied CPUs, where each CSI report  corresponds to  the UE is not required to update the  requested CSI reports with lowest priority (according to Subclause 5.2.5), where is the largest value such that  holds.”
However, the description “on an OFDM symbol with  unoccupied CPUs” is still unclear on which OFDM symbol to determine the unoccupied CPUs if a UE receives an aperiodic CSI request. It is reasonable to determine the number of unoccupied CPUs on the starting symbol that CPU is to be occupied.
Proposal 5: Text proposal for 38.214 section 5.2.1.6.
------------------------------------------Start of Text Proposal ----------------------------------
5.2.1.6	CSI processing criteria
The UE indicates the number of supported simultaneous CSI calculations . If a UE supports  simultaneous CSI calculations it is said to have  CSI processing units for processing CSI reports across all configured cells. If L CPUs are occupied for calculation of CSI reports in a given OFDM symbol, the UE has  unoccupied CPUs. If a UE receives an aperiodic CSI request for N CSI reports, on an OFDM symbol with  unoccupied CPUs on the first OFDM symbol after the PDCCH triggering the CSI report, where each CSI report  corresponds to , the UE is not required to update the  requested CSI reports with lowest priority (according to Subclause 5.2.5), where is the largest value such that  holds.
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ------------------------------------

5.3  Interpretation of CSI-ResourcePeriodicityAndOffset
Proposal 6: Modify the interpretation of CSI-ResourcePeriodicityAndOffset for TS 38.331.
------------------------------------------Start of Text Proposal ----------------------------------
< Unchanged parts are omitted >
[bookmark: _Toc510018601]–	CSI-ResourcePeriodicityAndOffset
The IE CSI-ResourcePeriodicityAndOffset is used to configure a periodicity and a corresponding offset for periodic and semi-persistent CSI resources, and for periodic and semi-persistent reporting on PUCCH. both, the periodicity and the offset are given in number of slots. The periodicity value slots4 corresponds to 4 slots, slots5 corresponds to 5 slots, and so on.
< Unchanged parts are omitted >
--------------------------------------- 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 >
A first CSI report is said to have priority over second CSI report if the associated [image: C:\Users\vivo\Evernote\TEMP\enhtmlclip\Image(4).png]value is lower for the first report than for the second report.
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 38.213.
If a semi-persistent CSI report to be carried on PUSCH collides with PUSCH data transmission, when the starting symbols between the two channels are aligned, the CSI report shall not be transmitted by the UE.
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ------------------------------------

[bookmark: _GoBack]Proposal 2: For the DCI triggered report with reportQuantity set to ‘none’, the corresponding PUSCH resource allocation in the DCI field is ignored.
Proposal 3: For periodic/semi-persistent CSI-RS with repetition on, they are not expected to be associated with any periodic/semi-persistent report setting.
Proposal 4: Text proposal for 38.214 section 5.1.6.1, 5.1.6.1.3 and 5.2.2.1.1.
------------------------------------------Start of Text Proposal ----------------------------------
5.1.6.1	CSI-RS reception procedure
The CSI-RS defined in Subclause 7.4.1.5 of [4, TS 38.211], may be used for time/frequency tracking, CSI computation, L1-RSRP computation and mobility.
If the UE is configured with a CSI-RS resource and a search space set associated with a CORESET in the same OFDM symbol(s), the UE may assume that the CSI-RS and a PDCCH DM-RS transmitted in all the search space sets associated with CORESET are quasi co-located with 'QCL-TypeD', if 'QCL-TypeD' is applicable. Furthermore, the UE shall not expect to be configured with the CSI-RS in PRBs that overlap those of the CORESET in the OFDM symbols occupied by the search space set(s).
The UE is not expected to receive CSI-RS and [SystemInformationBlockType1] message in the overlapping PRBs in the OFDM symbols where [SystemInformationBlockType1] is transmitted.
If the UE is configured with DRX, the UE is not required to perform measurement of CSI-RS resources other than during the active time for measurements based on CSI-RS-Resource-Mobility, and the UE is not required to perform CSI measurement of CSI-RS resources other than during the active time.
< Unchanged parts are omitted >
5.1.6.1.3	CSI-RS for mobility
If a UE is configured with the higher layer parameter CSI-RS-Resource-Mobility and the higher layer parameter associatedSSB is not configured, the UE shall perform measurements based on CSI-RS-Resource-Mobility and the UE may base the timing of the CSI-RS resource on the timing of the serving cell.
If a UE is configured with the higher layer parameters CSI-RS-Resource-Mobility and associatedSSB, the UE may base the timing of the CSI-RS resource on the timing of the cell given by the cellId of the CSI-RS resource configuration. Additionally, for a given CSI-RS resource, if the associated SS/PBCH block is configured but not detected by the UE, the UE is not required to monitor the corresponding CSI-RS resource. The higher layer parameter isQuasiColocated indicates whether the associated SS/PBCH block given by the associatedSSB and the CSI-RS resource(s) are quasi co-located with respect to ['QCL-TypeD']. 
If the UE is configured with DRX, the UE is not required to perform measurement of CSI-RS resources other than during the active time for measurements based on CSI-RS-Resource-Mobility. 
If the UE is configured with DRX and DRX cycle in use is larger than 80 ms, the UE may not expect CSI-RS resources are available other than during the active time for measurements based on CSI-RS-Resource-Mobility. Otherwise, the UE may assume CSI-RS are available for measurements based on CSI-RS-Resource-Mobility.
< Unchanged parts are omitted >
5.2.2.1.1	CSI reference resource definition
A slot in a serving cell shall be considered to be a valid downlink slot if:
-	it comprises at least one higher layer configured downlink or flexible symbol, and
-	it does not fall within a configured measurement gap for that UE, and
-	the active DL BWP in the slot is the same as the DL BWP for which the CSI reporting is performed, and
-	there is at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement in DRXS Active Time no later than CSI reference resource for which the CSI reporting is performed.
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ------------------------------------

Proposal 5: Text proposal for 38.214 section 5.2.1.6.
------------------------------------------Start of Text Proposal ----------------------------------
5.2.1.6	CSI processing criteria
The UE indicates the number of supported simultaneous CSI calculations . If a UE supports  simultaneous CSI calculations it is said to have  CSI processing units for processing CSI reports across all configured cells. If L CPUs are occupied for calculation of CSI reports in a given OFDM symbol, the UE has  unoccupied CPUs. If a UE receives an aperiodic CSI request for N CSI reports, on an OFDM symbol with  unoccupied CPUs on the first OFDM symbol after the PDCCH triggering the CSI report, where each CSI report  corresponds to , the UE is not required to update the  requested CSI reports with lowest priority (according to Subclause 5.2.5), where is the largest value such that  holds.
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ------------------------------------

Proposal 6: Modify the interpretation of CSI-ResourcePeriodicityAndOffset for TS 38.331.
------------------------------------------Start of Text Proposal ----------------------------------
< Unchanged parts are omitted >
–	CSI-ResourcePeriodicityAndOffset
The IE CSI-ResourcePeriodicityAndOffset is used to configure a periodicity and a corresponding offset for periodic and semi-persistent CSI resources, and for periodic and semi-persistent reporting on PUCCH. both, the periodicity and the offset are given in number of slots. The periodicity value slots4 corresponds to 4 slots, slots5 corresponds to 5 slots, and so on.
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ------------------------------------
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