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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
RAN1 #92 meeting, the following agreements on multi-CSI PUCCH were made[1]:
Agreement:
· Clarify that the J>=1 multi-CSI PUCCH resources are configured separately in PUCCH-Config and are not associated with any specific CSI Report Setting, following LTE approach. Each CSI Report Setting further has a dedicated PUCCH resource configured. 
Agreement (RRC parameter update):
At most J=2 multi-CSI PUCCH resource can be configured to the UE per UL BWP.
 Agreement
· DCI Formats 0_1 is used to activate/deactivate SP-CSI reporting on PUSCH. 
· DCI Format 0_1 contains a CSI request field and can activate/deactivate any configured SP-CSI trigger state
· Note: The DCI can only be used to activate/deactivate SP-CSI reporting
In this contribution, we discuss some remaining issues on multi-CSI PUCCH. In addition, some text proposals related to CSI reporting in the specs are listed.
2. Colliding CSI on multi-CSI PUCCH
[bookmark: _Hlk497821946][bookmark: _Hlk497822531]Multi-CSI PUCCH resource(s) is introduced to transmit colliding CSI reports. CSI reports are said to collide if the time occupancy of physical channels scheduled to carry the CSI reports overlap in at least one OFDM symbol. The overlapping can be categorized into two cases: 
· Case 1: starting symbols for colliding CSI reports are the same, and 
· Case 2: starting symbols for colliding CSI reports are not the same
When the starting symbols for colliding CSI reports are the same (case 1), multi-CSI PUCCH is applied and the dropping rules shall be used when multi-CSI PUCCH resource(s) are not able to carry all the CSI payload.
For the case where the starting symbols for colliding CSI reports are not the same (case 2), let’s consider the following scenarios with 2 and 3 colliding CSI reports and respectively:
· Considering CSI processing time, if two supported CSI reports with different starting symbols collide, the starting symbol of multi-CSI PUCCH resource should not be earlier than the starting symbol of the latter one of the two colliding CSI reports. Such restriction on starting symbol of multi-CSI PUCCH may result in more resource requirement in time or frequency domain to carry the colliding CSI reports. However, the span of resources in time domain may not be enough if the starting symbol of the latter CSI report locates in the last several symbols of one slot. In such case, it may need to span the resources in frequency domain as well. It’s noted that for edge users with fewer allocated resources due to the limited transmit power, things might get even more complicated.
· For the case where 3 CSI reports with different starting symbols collide in the following manner: CSI report #1 collides with CSI report #2 while CSI report #2 collides with CSI report #3, but CSI report #1 and CSI report #3 has no overlapped OFDM symbol(s). The following examples are shown with different locations of PUCCH for CSI report and multi-CSI PUCCH. It’s noted that the capacity of multi-CSI PUCCH might be different in each example.
· Example 1: as shown in Figure 1, multi-CSI PUCCH resource can be configured from symbol 5 to 13 carry CSI reports and related dropping rules should be applied.
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Figure 1
· Example 2: as shown in Figure 2, multi-CSI PUCCH resource can be configured from symbol 1 to 4 to carry CSI report #1&#2. As a result, CSI report #3 can be transmitted with PUCCH because there is no collision between multi-CSI PUCCH and PUCCH for CSI report #3.
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Figure 2
· Example 3: as shown in Figure 3, multi-CSI PUCCH can be configured from starting symbol 0 to carry CSI report #1, while report#2 could be dropped due to the processing delay. Therefore, CSI report #3 can be transmitted without collision.
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Figure 3
Here are just a few examples with 3 colliding CSI reports. Similar analysis can be applied to the case with more than 3 colliding CSI reports. If there isn’t any restriction on starting symbol of multiple colliding CSI reports on PUCCH within one slot, it could be even more complicated for gNB to address all kinds of CSI report collision with different combinations of priority level and timing. Based on the discussion above, to keep the simplicity of the specification, we have the following proposal:
Proposal 1: UE is not expected to report CSI in multi-CSI PUCCH for colliding CSI reports in PUCCHs with different starting symbols in one slot.
3. Text Proposals to other remaining issues
3.1.  TP1
In Subclause 5.2.1.5.1 of TS38.214, aperiodic CSI reporting/aperiodic CSI-RS is described as:
For CSI-RS resource sets associated with Resource Settings configured with the higher layer parameter ResourceConfigType set to 'aperiodic', ‘periodic’, or ‘semi-persistent’, trigger states for Reporting Setting(s) and/or Resource Setting for channel and/or interference measurement on one or more component carriers are configured using the higher layer parameter AperiodicReportTrigger. 
…
-	When the number of CSI triggering states in AperiodicReportTrigger is less than or equal to [image: C:\Users\ADMINI~1\AppData\Local\Temp\ksohtml\wpsA2A8.tmp.png], 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 aperiodicReportTrigger and triggered by DCI. For aperiodical 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 set to 'periodic' or 'aperiodic' .
In addition, when ResourceConfigType 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 ResourceConfigType 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. Therefor 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 ResourceConfigType set to 'aperiodic', ‘periodic’, or ‘semi-persistent’, trigger states for Reporting Setting(s) 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 AperiodicReportTrigger. 
…
-	When the number of CSI triggering states in AperiodicReportTrigger is less than or equal to [image: C:\Users\ADMINI~1\AppData\Local\Temp\ksohtml\wps695E.tmp.png], 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---------------------------------
3.2. TP2
In Subclause 5.2.1.5.2 in TS38.214, Activation and deactivation of Semi-persistent CSI-RS is described as:
For a UE configured with the higher layer parameter ResourceConfigType set to 'semi-persistent'. 
-	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) in slot n, the corresponding actions in [10, TS 38.321] and the UE assumptions (including QCL assumptions provided by a list of references to TCI-RS-SetConfig’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 later than the minimum requirement defined in [10, TS 38.133]. If a TCI-RS-SetConfig 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) 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]. If a TCI-RS-SetConfig 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', if TCI-RS-SetConfig in the list is configured, the QCL info can be inferred from an activation command. Consequently, there is no need for the existing of TCI-RS-SetConfig to indicate related QCL info in deactivation. Therefor 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 ResourceConfigType set to 'semi-persistent'. 
-	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) in slot n, the corresponding actions in [10, TS 38.321] and the UE assumptions (including QCL assumptions provided by a list of references to TCI-RS-SetConfig’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 later than the minimum requirement defined in [10, TS 38.133]. If a TCI-RS-SetConfig 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) 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]. If a TCI-RS-SetConfig 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---------------------------------
3.3. TP3
In Subclause 5.2.3 of TS38.214, CSI reporting using PUSCH is described as:
CSI reporting on PUSCH can be multiplexed with uplink data on PUSCH. CSI reporting on PUSCH can also be performed without any multiplexing with uplink data from the UE. 

As the DCI for activating SP-CSI reporting is scrambled with SP-CSI C-RNTI, it’s agreed in RAN1 #92 that SP-CSI reporting cannot be multiplexed with uplink data on PUSCH. Therefore, we propose to capture that agreement.
------------------------------Start of Text Proposal for 38.214 ---------------------------------
5.2.3	CSI reporting using PUSCH
Unaffected parts omitted…
Aperiodic CSI reporting on PUSCH can be multiplexed with uplink data on PUSCH. Aperiodic CSI reporting on PUSCH can also be performed without any multiplexing with uplink data from the UE. Semi-persistent CSI reporting on PUSCH can only be performed without any multiplexing with uplink data from the UE.
Unaffected parts omitted…
------------------------------End of Text Proposal---------------------------------
3.4. TP4
In Subclause 5.2.4 of TS38.214, CSI reporting using PUCCH is described as:
A UE is semi-statically configured by higher layers to perform periodic CSI Reporting on the PUCCH. A UE can be configured by higher layers for multiple periodic CSI Reports corresponding to one or more higher layer configured CSI Reporting Setting Indications, where the associated CSI Measurement Links and CSI Resource Settings are higher layer configured. Periodic CSI reporting on PUCCH formats 2, 3, 4 supports Type I CSI with wideband granularity.

Measurement links was used to associate the report setting and resource setting for channel or interference before. According to the latest 38.331, the resource setting is included in the associated reporting setting and measurement links is already deleted. Therefore, it’s not appropriate to use the undefined terminology of ' measurement link' in TS38.214. 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 is semi-statically configured by higher layers to perform periodic CSI Reporting on the PUCCH. A UE can be configured by higher layers for multiple periodic CSI Reports corresponding to one or more higher layer configured CSI Reporting Setting Indications, where the associated CSI Measurement Links and CSI Resource Settings are higher layer configured. Periodic CSI reporting on PUCCH formats 2, 3, 4 supports Type I CSI with wideband granularity. 
Unaffected parts omitted…
------------------------------End of Text Proposal---------------------------------
4. Conclusion
In this contribution, we discuss the impact of misaligned starting symbols of collided PUCCH reporting on the operation of multi-CSI PUCCH. Based on the discussion, we propose:
Proposal 1: UE is not expected to report CSI in multi-CSI PUCCH for colliding CSI reports in PUCCHs with different starting symbols in one slot.
In addition, some other remaining issues on CSI reporting are present in section 3.1 to 3.4.
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