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1 Introduction
In this contribution we discuss a potential correction on semi-persistent CSI multiplexing. The corresponding draft CR is provided in [1].
2 Discussion
In Rel-17, RAN1 agreed to support mTRP PUSCH repetition and the following agreements were made to support aperiodic (AP)/ semi-persistent (SP) CSI multiplexing on the first PUSCH transmission occasion associated with the first SRS resource set and the first PUSCH transmission occasion associated with the second SRS resource set:
	Agreement (RAN1#104b-e)
For multiplexing A-CSI on two PUSCH repetitions in the case of multi-TRP PUSCH repetition,
· For S-DCI based multi-TRP PUSCH repetition Type B, support multiplexing A-CSI on the first PUSCH repetition corresponding to the first beam and the first (X = 1) PUSCH repetition corresponding to the second beam.
· The UE is expected to follow the above operation for multiplexing A-CSI on two PUSCH repetitions only if 
· the first actual repetition corresponding to the first beam and the first actual repetition corresponding to the second beam have the same number of symbols, and 
· UCIs other than the A-CSI are not multiplexed on any of the two PUSCH repetitions.
· When the UE does not follow the above operation, UE multiplexes A-CSI only on the first PUSCH repetition similar to Rel. 15/16.
· The content for the two A-CSI should be the same
· Note: RAN1 has the assumption on CSI timelines are followed as rel-15/16, including UE shall expect the timeline for the first A-CSI meets Z and Z’ requirement
· FFS: For s-DCI based multi-TRP PUSCH repetition Type A and B, support multiplexing of A-CSI on the first PUSCH repetition corresponding to the first beam and the first PUSCH repetition corresponding to the second beam when there is no TB carried in the PUSCH. 
· The UE assumes that the number of repetitions is 2 regardless of the indicated number of repetitions. 
· For PUSCH repetition Type B, the first and second nominal repetitions are expected to be the same as the first and second actual repetitions, respectively (no segmentation).

Agreement (RAN1#105-e)
For s-DCI based multi-TRP PUSCH repetition Type A and B, support transmitting A-CSI on the first PUSCH repetition corresponding to the first beam and the first PUSCH repetition corresponding to the second beam when there is no TB carried in the PUSCH. 
· The UE assumes that the number of repetitions is 2 regardless of the indicated number of repetitions. 
· The UE is expected to follow the above operation for transmitting A-CSI on two PUSCH repetitions only if 
· For PUSCH repetition Type B, the first and second nominal repetitions are expected to be the same as the first and second actual repetitions, respectively (no segmentation). 
· For PUSCH repetition Type A and B, UCIs other than the A-CSI are not multiplexed on any of the two PUSCH repetitions.
· When the UE does not follow the above operation, UE transmits A-CSI only on the first PUSCH repetition similar to Rel. 15/16.
· Note: The scheduling offset for the first A-CSI should meet the Z and Z’ requirement

Agreement (RAN1#105-e)
For s-DCI based multi-TRP PUSCH repetition Type A, the UE is expected to multiplex A-CSI on two PUSCH repetitions only if UCIs other than the A-CSI are not multiplexed on any of the two PUSCH repetitions.
· When the UE does not follow the above operation, UE multiplexes A-CSI only on the first PUSCH repetition similar to Rel. 15/16.

Agreement (RAN1#106-e)
For SP-CSI report on mTRP PUSCH repetition Type A and B activated by a DCI, support the use of a similar mechanism to A-CSI multiplexing on M-TRP PUSCH without a TB, which includes the following,
· When SP-CSI multiplexed on m-TRP PUSCH, SP-CSI multiplexed on the two repetitions associated with the two TRPs, and the number of repetitions is always assumed to be 2, regardless of the value indicated.
· For mTRP PUSCH repetition Type A, or for the first PUSCH after activation for PUSCH repetition Type B, reuse similar conditions to support SP-CSI multiplexing on m-TRP PUSCH as defined in A-CSI multiplexing on M-TRP PUSCH, i.e., 
· The UE is expected to follow the above operation for transmitting SP-CSI on two PUSCH repetitions only if 
· For the first PUSCH after activation for PUSCH repetition Type B, the first and second nominal repetitions are expected to be the same as the first and second actual repetitions, respectively (no segmentation). 
· For PUSCH repetition Type A and B, UCIs other than the SP-CSI are not multiplexed on any of the two PUSCH repetitions.
· When the UE does not follow the above operation, UE transmits SP-CSI only on the first PUSCH repetition similar to Rel. 15/16.
· For subsequent PUSCHs after activation (without corresponding PDCCH) for PUSCH repetition Type B, use the following criteria, 
· If the first / second nominal repetition is not the same as the first / second actual repetition, the first / second nominal repetition is dropped
· If one of the first or second nominal repetitions is not dropped, SP-CSI is multiplexed on that repetition
· Else (the first and second nominal repetitions are the same as the first and second actual repetitions) 
· If UCIs other than the SP-CSI are not multiplexed on any of the two PUSCH repetitions, SP-CSI is multiplexed on both repetitions.
· Otherwise, UE transmits SP-CSI only on the first PUSCH repetition similar to Rel. 15/16 (and the second repetition is dropped)

Agreement (RAN1#107-e)
For mTRP PUSCH repetition, introduce a RRC parameter to enable/disable the new behavior of transmitting AP/SP-CSI on the first PUSCH repetitions with the first beam and the second beam. The new parameter can be per CSI-AperiodicTriggerState or CSI-SemiPersistentOnPUSCH-TriggerState.
· Transmitting AP/SP-CSI on two PUSCH repetitions with different beams is UE optional capability




Based on the above agreements, the required conditions for AP/SP CSI multiplexing on the mTRP PUSCH repetitions (i.e. first PUSCH transmission occasion associated with the first SRS resource set and the first PUSCH transmission occasion associated with the second SRS resource set) can be summarized as follow:
· For PUSCH repetition Type A
· If AP CSI report(s) is multiplexed on mTRP PUSCH repetitions with a TB,
· New RRC parameter ‘AP-CSI-MultiplexingMode’ is configured as ‘enabled’
· UCI other than CSI report(s) are not multiplexed on PUSCH
· If AP CSI report(s) is multiplexed on mTRP PUSCH repetitions without a TB,
· New RRC parameter ‘AP-CSI-MultiplexingMode’ is configured as ‘enabled’
· UCI other than CSI report(s) are not multiplexed on PUSCH
· If SP CSI report(s) is multiplexed on mTRP PUSCH repetitions without a TB which is activated via DCI,
· New RRC parameter ‘SP-CSI-MultiplexingMode’ is configured as ‘enabled’
· UCI other than CSI report(s) are not multiplexed on PUSCH
· For PUSCH repetition Type B
· If AP CSI report(s) is multiplexed on mTRP PUSCH repetitions with a TB,
· New RRC parameter ‘AP-CSI-MultiplexingMode’ is configured as ‘enabled’
· The first actual repetition associated with the first SRS resource set and the first actual repetition associated with the secod SRS resource set have the same number of symbols
· UCI other than CSI report(s) are not multiplexed on PUSCH
· If AP CSI report(s) is multiplexed on mTRP PUSCH repetitions without a TB,
· The number of nominal repetitions is always assumed to be ‘2’
· The first and second nominal repetitions are the same as the first and second actual repetitions
· New RRC parameter ‘AP-CSI-MultiplexingMode’ is configured as ‘enabled’
· UCI other than CSI report(s) are not multiplexed on PUSCH
· If SP CSI report(s) is multiplexed on mTRP PUSCH repetitions without a TB which is activated via DCI,
· The number of nominal repetitions is always assumed to be ‘2’
· The first and second nominal repetitions are the same as the first and second actual repetitions
· New RRC parameter ‘SP-CSI-MultiplexingMode’ is configured as ‘enabled’
· UCI other than CSI report(s) are not multiplexed on PUSCH
· If SP CSI report(s) is multiplexed on mTRP PUSCH repetitions without DCI after the activation,
· The number of nominal repetitions is always assumed to be ‘2’
· The first and second nominal repetitions are the same as the first and second actual repetitions
· New RRC parameter ‘SP-CSI-MultiplexingMode’ is configured as ‘enabled’
· UCI other than CSI report(s) are not multiplexed on PUSCH

	6.1.2.1	Resource allocation in time domain
-- omitted--
For PUSCH repetition Type A, when a DCI format 0_1 and DCI format 0_2 indicate codepoint "10" or "11" for the SRS resource set indicator and schedule aperiodic CSI report(s) on PUSCH with transport block by a 'CSI request' field on a DCI, the CSI report(s) multiplexing is determined as follows
-	if higher layer parameter AP-CSI-MultiplexingMode in CSI-AssociatedReportConfigInfo is enabled and UCI other than CSI report(s) are not multiplexed on PUSCH, the CSI report(s) is transmitted separately only on the first transmission occasion associated with the first SRS resource set and the first transmission occasion associated with the second SRS resource set. 
-	otherwise, the CSI report(s) is transmitted only on the first transmission occasion. 
For PUSCH transmissions of TB processing over multiple slots, when a DCI format 0_1 and DCI format 0_2 schedule aperiodic CSI report(s) on PUSCH with transport block by a 'CSI request' field on a DCI, the CSI report(s) is transmitted only on the first slot of the 𝑁 ∙ 𝐾 slots determined for the PUSCH transmission.
For PUSCH repetition Type B, when a DCI format 0_1 and DCI format 0_2 indicate codepoint "10" or "11" for the SRS resource set indicator and schedule aperiodic CSI report(s) on PUSCH with transport block by a 'CSI request' field on a DCI, CSI report(s) multiplexing is determined as follows
-	if higher layer parameter AP-CSI-MultiplexingMode in CSI-AssociatedReportConfigInfo is enabled and the first actual repetition associated with the first SRS resource set and the first actual repetition associated with the second SRS resource set have the same number of symbols and UCI other than CSI report(s) are not multiplexed on PUSCH, the CSI report(s) is multiplexed separately only on the first actual repetition associated with the first SRS resource set and first actual repetition associated with the second SRS resource set. 
-	otherwise, the CSI report(s) is multiplexed only on the first actual repetition. 
The UE does not expect a different number of actual PT-RS ports for the two actual repetitions when the CSI report(s) is transmitted separately on two actual repetitions. 
For PUSCH repetition Type A, when a DCI format 0_1 and DCI format 0_2 indicate codepoint "10" or "11" for the SRS resource set indicator and schedule aperiodic CSI report(s) on PUSCH with no transport block by a 'CSI request' field on a DCI, the number of repetitions is assumed to be 2 regardless of the value of numberOfRepetitions or pusch-AggregationFactor (if numberOfRepetitions is not present in the time domain resource allocation table), and transmission of CSI report(s) is determined as follows
-	if higher layer parameter AP-CSI-MultiplexingMode in CSI-AssociatedReportConfigInfo is enabled and UCI other than CSI report(s) are not multiplexed on PUSCH, the CSI report(s) is transmitted separately on the first transmission occasion and the second transmission occasion
-	otherwise, the CSI report(s) is transmitted only on the first transmission occasion. 
For PUSCH repetition Type B, when a DCI format 0_1 and DCI format 0_2 indicate codepoint "10" or "11" for the SRS resource set indicator and schedule aperiodic CSI report(s) or activates semi-persistent CSI report(s) on PUSCH with no transport block by a 'CSI request' field on a DCI, the number of nominal repetitions is always assumed to be 2 regardless of the value of numberOfRepetitions, and the first and second nominal repetitions are expected to be the same as the first and second actual repetitions, and transmission of CSI report(s) is determined as follows:
-	if higher layer parameter AP-CSI-MultiplexingMode in CSI-AssociatedReportConfigInfo is enabled for aperiodic CSI report(s) or higher layer paremeter SP-CSI-MultiplexingMode in CSI-SemiPersistentOnPUSCH-TriggerStateList is enabled for semi-persistent CSI report(s) and UCI other than CSI report(s) are not multiplexed on PUSCH, the CSI report(s) is transmitted separately on the first actual repetition and the second actual repetition
-	otherwise, the CSI report(s) is transmitted only on the first actual repetition. 
[bookmark: _Hlk86168425]The UE does not expect a different number of actual PT-RS ports for the two actual repetitions when the CSI report(s) is transmitted separately on two actual repetitions. 
For PUSCH repetition Type A, when a DCI format 0_1 and DCI format 0_2 indicate codepoint "10" or "11" for the SRS resource set indicator and activate semi-persistent CSI report(s) on PUSCH with no transport block by a 'CSI request' field on a DCI, the number of repetitions is always assumed to be 2 regardless of the value of numberOfRepetitions or pusch-AggregationFactor (if numberOfRepetitions is not present in the time domain resource allocation table), and transmission of CSI report(s) is determined as follows
-	if higher layer parameter SP-CSI-MultiplexingMode in CSI-SemiPersistenetOnPUSCH-TriggerStateList is enabled and UCI other than CSI report(s) are not multiplexed on PUSCH, the CSI report(s) is transmitted separately on the first transmission occasion and the second transmission occasion
-	otherwise, the CSI report(s) is transmitted only on the first transmission occasion. 
For PUSCH repetition Type B, when a DCI format 0_1 and DCI format 0_2 indicate codepoint "10" or "11" for the SRS resource set indicator and the PUSCH repetition Type B carrying semi-persistent CSI report(s) without a corresponding PDCCH after being activated on PUSCH by a 'CSI request' field on a DCI, the number of nominal repetitions is always assumed to be 2 regardless of the value of numberOfRepetitions, and transmission of CSI report(s) is determined as follows
-	if higher layer parameter SP-CSI-MultiplexingMode in CSI-SemiPersistenetOnPUSCH-TriggerStateList is enabled and one of the first or second nominal repetition is the same as corresponding first or second actual repetition, the nominal repetition that is not having same actual repetition is omitted and the CSI report(s) is transmitted on the actual repetition that is not omitted. 
-	if higher layer parameter SP-CSI-MultiplexingMode in CSI-SemiPersistenetOnPUSCH-TriggerStateList is enabled and the first and second nominal repetitions are the same as the first and second actual repetitions and the UCI other than CSI report(s) are not multiplexed on PUSCH, the CSI report(s) is transmitted separately on the first actual repetition and the second actual repetition
-	otherwise, the CSI report(s) is transmitted only on the first actual repetition.
-- omitted--



Considering PUSCH repetition types (Type A or Type B) and CSI reporting configuration (AP CSI or SP CSI), all the cases were defined and specified except the following and the following case was not defined and not specified: 
· For PUSCH repetition Type A, SP CSI report(s) is multiplexed on mTRP PUSCH repetitions without DCI after the activation. 
Observation 1. In current Rel-17 specification of TS38.214, the case which SP CSI report(s) is multiplexed on mTRP PUSCH repetition Type A without a corresponding PDCCH after the DCI activation is not defined and not specified.

For the undefined case, the ambiguity of UE’s behaviour can occur. In our understanding, for PUSCH repetition Type A, the same rule as case that SP CSI is multiplexed on mTRP repetitions which is activated via DCI can be applied for the undefined case. To resolve the ambiguity from the undefined case, the following TP can be introduced:
Text proposal for TS38.214
6.1.2.1	Resource allocation in time domain
=============================== Unchanged Text Omitted ===================================
For PUSCH repetition Type A, when a DCI format 0_1 and DCI format 0_2 indicate codepoint "10" or "11" for the SRS resource set indicator and activate semi-persistent CSI report(s) on PUSCH with no transport block by a 'CSI request' field on a DCI, or indicate the PUSCH repetition Type A carrying semi-persistent CSI report(s) without a corresponding PDCCH after being activated on PUSCH by a ‘CSI request’ field on a DCI the number of repetitions is always assumed to be 2 regardless of the value of numberOfRepetitions or pusch-AggregationFactor (if numberOfRepetitions is not present in the time domain resource allocation table), and transmission of CSI report(s) is determined as follows
-	if higher layer parameter SP-CSI-MultiplexingMode in CSI-SemiPersistenetOnPUSCH-TriggerStateList is enabled and UCI other than CSI report(s) are not multiplexed on PUSCH, the CSI report(s) is transmitted separately on the first transmission occasion and the second transmission occasion
-	otherwise, the CSI report(s) is transmitted only on the first transmission occasion. 
For PUSCH repetition Type B, when a DCI format 0_1 and DCI format 0_2 indicate codepoint "10" or "11" for the SRS resource set indicator and the PUSCH repetition Type B carrying semi-persistent CSI report(s) without a corresponding PDCCH after being activated on PUSCH by a 'CSI request' field on a DCI, the number of nominal repetitions is always assumed to be 2 regardless of the value of numberOfRepetitions, and transmission of CSI report(s) is determined as follows
=============================== Unchanged Text Omitted ===================================
Adopt draft Rel-17 CR in [1] to Clause 6.1.2.1 of TS38.214. 

3 Conclusion
In this contribution, we made the following observations and proposals:

Observation 1. In current Rel-17 specification of TS38.214, the case which SP CSI report(s) is multiplexed on mTRP PUSCH repetition Type A without a corresponding PDCCH after the DCI activation is not defined and not specified.
1. Adopt draft Rel-17 CR in [1] to Clause 6.1.2.1 of TS38.214.
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