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Introduction
The Rel-18 WID on NR MIMO evolution for downlink and uplink was approved in [1], which includes the following objective:
	6. Study, and if needed, specify the following items to facilitate simultaneous multi-panel UL transmission for higher UL throughput/reliability, focusing on FR2 and multi-TRP, assuming up to 2 TRPs and up to 2 panels, targeting CPE/FWA/vehicle/industrial devices (if applicable)
· UL precoding indication for PUSCH, where no new codebook is introduced for multi-panel simultaneous transmission
· The total number of layers is up to four across all panels and total number of codewords is up to two across all panels, considering single DCI and multi-DCI based multi-TRP operation.
· UL beam indication for PUCCH/PUSCH, where unified TCI framework extension in objective 2 is assumed, considering single DCI and multi-DCI based multi-TRP operation
· For the case of multi-DCI based multi-TRP operation, only PUSCH+PUSCH, or PUCCH+PUCCH is transmitted across two panels in a same CC.




In this contribution, we provide our views on design of S-DCI-based STxMP PUSCH and M-DCI-based STxMP PUSCH.
Discussions
STxMP SFN for PUCCH
There were discussions on PUCCH SFN in RAN1#112b-e meeting, though the related proposals were not agreed.
	Proposal 3.1a: Introduce an RRC parameter per PUCCH resource to configure rel-18 STxMP SFN scheme for that PUCCH resource.
· Note: RRC parameter design is up to RAN2.
· When SFN scheme is configured to one PUCCH resource, if the PUCCH resource is transmitted with multiple repetitions, each repetition is transmitted in STxMP SFN manner.
Proposal conclusion 3.1c: It is common understanding that the Rel-18 STxMP SFN scheme + repetition based on parameter nrofSlots or pucch-RepetitionNrofSlots can be applied on one PUCCH.



Repetition is a typical technique used to improve reliability, and STxMP SFN is also such a technique. We don’t see the increased complexity of {STxMP SFN PUCCH + repetition} over Rel-17 TDMed mTRP PUCCH repetition because with either way between them the UE has to perform multi-panel transmission and repetition. The simplest and the most intuitive way of combining STxMP SFN PUCCH with repetition is described in the deleted bullet in the above Proposal 3.1a, i.e., when SFN scheme is configured for one PUCCH resource and if the UE is configured or indicated to transmit repetitions for the PUCCH resource, the UE transmits each repetition with SFN scheme.
Support that STxMP SFN for PUCCH is configured per PUCCH resource.
Support that a UE should apply SFN to each PUCCH repetition if the PUCCH resource is configured with SFN and repetition.
UCI multiplexing for M-DCI-based STxMP PUSCH
In RAN1#112b-e meeting, it was agreed to down-select one option from Option 1, Option 2 and Option 3 for the cases where two overlapped PUSCH in M-DCI-based STxMP PUSCH+PUSCH.
	Agreement
For case that one PUCCH overlaps with two overlapped PUSCHs in multi-DCI based STxMP PUSCH+PUSCH, down-select one for the UCI multiplexing:
· Option 1: the UCI is multiplexed into the PUSCH associated with the same TRP. And among the PUSCHs associated with the same TRP, the legacy PUSCH priority order for UCI multiplexing is applied. FFS: determining the PUSCH associated with the same TRP. 
· Option 2: the legacy PUSCH priority order for UCI multiplexing is first applied and if at last, there are two PUSCHs with the same start time in one same CC, the UCI is multiplexed in (FFS: one or two) of these two PUSCHs, and FFS which one PUSCH. 
· Option 3: 
· When joint HARQ-ACK feedback is configured, the legacy PUSCH priority order for UCI multiplexing is first applied and if at last, there are two PUSCHs with the same start time in one same CC, the UCI is multiplexed in (FFS: one or two) of these two PUSCHs, and FFS which one PUSCH. 
· When separate HARQ-ACK feedback is configured, at least when the UCI includes HARQ-ACK, the UCI is multiplexed into the PUSCH associated with the same TRP. And among the PUSCHs associated with the same TRP, the legacy PUSCH priority order for UCI multiplexing is applied. FFS: determining the PUSCH associated with the same TRP. 
· FFS: When the UCI does not include HARQ-ACK (CSI and/or SR), whether to follow the same behavior as above, or to follow the behavior of the case that joint HARQ-ACK feedback is configured.
· Note: Here using joint HARQ-ACK feedback and separate HARQ-ACK feedback is mainly for discussion purpose. FFS: whether to introduce a new RRC parameter to indicate that.
· FFS the impact of the following legacy restriction on the above options: when separate HARQ feedback is configured, a PUCCH transmission triggered by DCI associated with one coresetPoolIndex cannot overlap in time with a PUSCH transmission triggered by DCI associated with another coresetPoolIndex.
· Note: each of the above options is applied to the system when the system is configured with multi-DCI based STxMP PUSCH+PUSCH.



Based on the following agreement in RAN1#111, STxMP SFN for PUCCH is supported in Release 18.
	Agreement
Support the SFN scheme for single-DCI based STxMP PUCCH transmission.



Based on the two agreements and the proposals in RAN1#112b-e mentioned in the previous clause in this contribution, we may have the following possible scenarios for UCI multiplex issues:
· Case 1: the PUCCH is configured with STxMP SFN;
· Case 2: the PUCCH is configured with STxMP SFN and repetitions.
Based on the agreement above to support STxMP SFN PUCCH, at least case 1 is valid. RAN1 should study how to deal with this case.
	Proposal 3.1a: Introduce an RRC parameter per PUCCH resource to configure rel-18 STxMP SFN scheme for that PUCCH resource.
· Note: RRC parameter design is up to RAN2.
· When SFN scheme is configured to one PUCCH resource, if the PUCCH resource is transmitted with multiple repetitions, each repetition is transmitted in STxMP SFN manner.
Proposal conclusion 3.1c: It is common understanding that the Rel-18 STxMP SFN scheme + repetition based on parameter nrofSlots or pucch-RepetitionNrofSlots can be applied on one PUCCH.


If the above proposals in RAN1#112b-e are agreed, scenario 2 will be valid. After the behavior of a PUCCH resource configured with STxMP SFN PUCCH + repetition is decided, RAN1 should further study case 2.
RAN1 should study whether and how to multiplex UCI when a PUCCH overlaps with two M-DCI-based STxMP PUSCH + PUSCH if the PUCCH is configured with SFN.
RAN1 should study whether and how to multiplex UCI when a PUCCH overlaps with two M-DCI-based STxMP PUSCH + PUSCH if the PUCCH is configured with SFN and repetition.

Conclusions
Based on the discussion, we have the following proposals:
1. Support that STxMP SFN for PUCCH is configured per PUCCH resource.
1. Support that a UE should apply SFN to each PUCCH repetition if the PUCCH resource is configured with SFN and repetition.
1. RAN1 should study whether and how to multiplex UCI when a PUCCH overlaps with two M-DCI-based STxMP PUSCH + PUSCH if the PUCCH is configured with SFN.
1. RAN1 should study whether and how to multiplex UCI when a PUCCH overlaps with two M-DCI-based STxMP PUSCH + PUSCH if the PUCCH is configured with SFN and repetition.
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