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1 Introduction
Rel-15 NR specification supports PUSCH slot-aggregation as well as A-CSI multiplexing on PUSCH. Based on the contributions submitted to RAN1 and consequent discussions, it seems that RAN1 doesn’t have a common understanding on whether and how the existing specifications support A-CSI multiplexing on PUSCH with slot aggregation. Considering that there exist UE implementations that support both PUSCH slot aggregation and A-CSI reporting, it is important to reach a common understanding not only from an inter-operability perspective, but also from the perspective of impact on existing implementations based on Rel-15 and compatibility with implementations based on next releases.
In this contribution we describe our understanding of the current specifications on this aspect together with underlying motivations for such an interpretation while addressing the raised issues that resulted in conflicting views. We are hopeful that the discussion below can help RAN1 reach a common understanding on this issue. 
2 Discussion
From our perspective, the current specification clearly supports PUSCH slot-aggregation for all the cases that a single slot PUSCH transmission is supported. The specifications define slot-aggregation for PUSCH which can contain UL-SCH, A-CSI etc., not slot-aggregation for each of these individually.  Therefore, both of the following cases are supported by Rel-15 specifications: 
· Case 1: Slot-aggregated PUSCH with UL-SCH and without A-CSI
· Case 2: Slot-aggregated PUSCH with or without UL-SCH and with A-CSI

Reviewing the previous discussions, it seems that there is a common understanding on the support for Case 1 above. However, there is an uncertainty on the specification support with respect to Case 2.
To our knowledge the stated reasons that have contributed to uncertainty on support of Case 2 can be summarized as follows:
a) Lack of explicit description for determining whether A-CSI is repeated in one or all aggregated slots
b) Lack of explicit description for CSI computation timeline for each aggregated slot
c) Lack of explicit description for determining A-CSI repeated versions for each repeated PUSCH whereas the redundancy versions of TB for each repeated PUSCH are explicitly specified.   

As elaborated further in the following, the reason for lack of explicit description for the above aspects is that the corresponding behaviors can be clearly understood from the specification. Hence, there is no need for such explicit descriptions. To explain this, we compare PUSCH repetition to PUCCH repetition, since there is no disagreement that PUCCH repetition is supported.
· PUCCH repetition starts with a single slot PUCCH that would be simply repeated in the upcoming slots when possible. What is specified is a set of rules for the UE to use to determine which slot can carry the single slot PUCCH as it is. The rules are based on the corresponding PUCCH resource, and not based on the content of PUCCH resource, i.e. (encoded) UCI. The specification does not describe whether the content of the PUCCH resource, is changed or present, but rather describes when PUCCH resource can be transmitted as it is.
The reason is that unlike for UL-SCH that is LDPC encoded and which when repeated, has different redundancy versions used for different repetitions for the purpose of soft combining, the (encoded) UCI that is polar encoded in case of CSI, would remain the same in each repetition. Hence there is no need to explicitly describe this. 
Note that repetition by default means simple repetition. Additional clarifications in specifications are only needed when the default definition does not hold. The case for RV of transport blocks when a PUSCH carries UL-SCH is such an example.

· Another aspect to consider is the processing and computational timelines with respect to repetition. A concern has been raised that there might be an ambiguity in the current specification on whether CSI computational timeline should be checked for any aggregated slot carrying A-CSI or should be referenced only to the first slot. 
To address this issue, consider PUCCH repetition carrying HARQ-ACK for PDSCHs scheduled by DCI. The respective timeline for PUCCH transmission carrying HARQ-ACK is checked for the first slot carrying the single slot PUCCH. There is no explicit description in the spec that the timeline should be checked for each aggregated slot. But the timeline check for the first slot is clearly specified in Subclause 5.3 of TS 38.214 (also shown in Appendix). Therefore, there is no ambiguity in the specification that the requirement on timeline check is only applicable to the first aggregated slot in this case. 
The same is applicable to a PUSCH repetition. When a DCI schedules a PUSCH assuming no multiplexing with A-CSI, the timeline for PUSCH transmission should be checked. If PUSCH is repeated, there is no explicit description in the spec that the timeline should be checked for each aggregated slot. But the timeline check for the first slot is clearly specified in Subclause 6.4 of TS 38.214 (also shown in Appendix). Therefore, there is no ambiguity in the specification, that the requirement on timeline check is only applicable to the first aggregated slot in this case.
The same procedure is applicable when A-CSI is triggered. When a DCI schedules a PUSCH with A-CSI, the CSI computational timeline, should be checked for the first slot as described in Subclause 5.4 of TS 38.214 (also shown in Appendix). The UE is not required to perform the timeline check for each aggregated slot. Similar to PUCCH repetition, or PUSCH repetition with only UL-SCH, the reference for timeline check for repetition should clearly be the first slot.
There is no reason to treat this case differently than the other repetition cases, just because A-CSI is present and CSI processing consumes more time. Otherwise, PUCCH or PUSCH repetition with only UL-SCH would be ambiguous as well with respect to timeline check which is commonly understood not to be the case.

In summary,
· The specifications define procedures for “PUSCH repetition” and PUSCH can include any combination of UL-SCH, CSI.
· The specifications define procedures on the contents for each repetition when it differs from simple repetition
· Such procedures are defined for UL-SCH where the RV can be different for different repetitions.
· Such procedures are not needed for other cases, consistent with the handling of PUCCH repetition in the specifications.
· The specifications define requirements for processing and computation timelines with reference to the start of the first slot in the PUSCH repetition, consistent with the definition of requirements for processing and computational timelines in other cases, e.g., PUCCH repetition.

Therefore, based on the above discussion, the only reasonable conclusion is that PUSCH slot aggregation with A-CSI multiplexing is supported by Rel-15 NR specification and there is no need for a change to the specifications. As explained above, any different conclusion would imply that none of the repetition mechanisms in Rel-15 could be supported which is commonly understood not to be the case.
Hence, we would like to propose the following conclusion:
Conclusion:
· Rel-15 specifications support A-CSI multiplexing with PUSCH when PUSCH slot aggregation is enabled.
· A-CSI is repeated in every aggregated slot using the same coding and mapping per repetition.
· The CSI computation timeline is referenced to the first slot of the slot aggregated transmission.
·  No changes to the specifications are needed.

3 Conclusion
In this contribution we described our view with respect to specification support for A-CSI multiplexing on aggregated PUSCH. Based on the discussion, we propose the following conclusion in RAN1.
Conclusion:
· Rel-15 specifications support A-CSI multiplexing with PUSCH when PUSCH slot aggregation is enabled.
· A-CSI is repeated in every aggregated slot using the same coding and mapping per repetition.
· The CSI computation timeline is referenced to the first slot of the slot aggregated transmission.
·  No changes to the specifications are needed.

4	Appendix
	[bookmark: _Toc11352135][bookmark: _Toc20318025][bookmark: _Toc27299923][bookmark: _Toc29673194][bookmark: _Toc29673335][bookmark: _Toc29674328]5.3       UE PDSCH processing procedure time

[bookmark: _Hlk500865557][bookmark: _Hlk508187268]If the first uplink symbol of the PUCCH which carries the HARQ-ACK information, as defined by the assigned HARQ-ACK timing K1 and the PUCCH resource to be used and including the effect of the timing advance, starts no earlier than at symbol L1, where L1 is defined as the next uplink symbol with its CP starting after  after the end of the last symbol of the PDSCH carrying the TB being acknowledged, then the UE shall provide a valid HARQ-ACK message. 
-	N1 is based on µ of table 5.3-1 and table 5.3-2 for UE processing capability 1 and 2 respectively, where µ corresponds to the one of (µPDCCH, µPDSCH, µUL) resulting with the largest Tproc,1, where the µPDCCH corresponds to the subcarrier spacing of the PDCCH scheduling the PDSCH, the µPDSCH corresponds to the subcarrier spacing of the scheduled PDSCH, and µUL corresponds to the subcarrier spacing of the uplink channel with which the HARQ-ACK is to be transmitted, and κ is defined in clause 4.1 of [4, TS 38.211]. 
-	If the PDSCH DM-RS position  for the additional DM-RS in Table 7.4.1.1.2-3 in clause 7.4.1.1.2 of [4, TS 38.211] is  then N1,0=14 in Table 5.3-1, otherwise N1,0=13.
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	[bookmark: _Toc29674330][bookmark: _Toc29673337][bookmark: _Toc29673196][bookmark: _Toc27299924][bookmark: _Toc20318026][bookmark: _Toc11352136]5.4        UE CSI computation time
When the CSI request field on a DCI triggers a CSI report(s) on PUSCH, the UE shall provide a valid CSI report for the n-th triggered report, 
-     if the first uplink symbol to carry the corresponding CSI report(s) including the effect of the timing advance, starts no earlier than at symbol Zref , and
-     if the first uplink symbol to carry the n-th CSI report including the effect of the timing advance, starts no earlier than at symbol Z'ref(n), 
where Zref is defined as the next uplink symbol with its CP starting [image: ] after the end of the last symbol of the PDCCH triggering the CSI report(s), and where Z'ref(n), is defined as the next uplink symbol with its CP starting [image: ]after the end of the last symbol in time of the latest of: aperiodic CSI-RS resource for channel measurements, aperiodic CSI-IM used for interference measurements, and aperiodic NZP CSI-RS for interference measurement, when aperiodic CSI-RS is used for channel measurement for the n-th triggered CSI report. 
If the PUSCH indicated by the DCI is overlapping with another PUCCH or PUSCH, then the CSI report(s) are multiplexed following the procedure in clause 9.2.5 of [6, TS 38.213] and clause 5.2.5 when applicable, otherwise the CSI report(s) are transmitted on the PUSCH indicated by the DCI.
When the CSI request field on a DCI triggers a CSI report(s) on PUSCH, if the first uplink symbol to carry the corresponding CSI report(s) including the effect of the timing advance, starts earlier than at symbol Zref,
-     the UE may ignore the scheduling DCI if no HARQ-ACK or transport block is multiplexed on the PUSCH.
When the CSI request field on a DCI triggers a CSI report(s) on PUSCH, if the first uplink symbol to carry the n-th CSI report including the effect of the timing advance, starts earlier than at symbol Z'ref(n),
-     the UE may ignore the scheduling DCI if the number of triggered reports is one and no HARQ-ACK or transport block is multiplexed on the PUSCH
-     Otherwise, the UE is not required to update the CSI for the n-th triggered CSI report.
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[bookmark: _Hlk496825264][bookmark: _Hlk496824447][bookmark: _Hlk496824026]If the first uplink symbol in the PUSCH allocation for a transport block, including the DM-RS, as defined by the slot offset K2 and the start and length indicator SLIV of the scheduling DCI and including the effect of the timing advance, is no earlier than at symbol L2, where L2 is defined as the next uplink symbol with its CP starting [image: ]after the end of the reception of the last symbol of the PDCCH carrying the DCI scheduling the PUSCH, then the UE shall transmit the transport block. 
-     N2 is based on µ of Table 6.4-1 and Table 6.4-2 for UE processing capability 1 and 2 respectively, where µ corresponds to the one of (µDL, µUL) resulting with the largest Tproc,2, where the µDL corresponds to the subcarrier spacing of the downlink with which the PDCCH carrying the DCI scheduling the PUSCH was transmitted and µUL corresponds to the subcarrier spacing of the uplink channel with which the PUSCH is to be transmitted, and κ is defined in clause 4.1 of [4, TS 38.211].
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