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Introduction
In RAN1#104e meeting, there are agreements about enhancements on multi-TRP for PUSCH and aperiodic CSI transmission for s-DCI based multi-TRP PUSCH repetition Type A and B :
For single DCI based M-TRP PUSCH repetition schemes, in codebook based PUSCH, 
· Support two SRI fields corresponding to two SRS resource sets are included in DCI formats 0_1/0_2.
· Each SRI field indicating SRI per TRP, where the SRI field based on Rel-15/16 framework
· Support dynamic switching between multi-TRP and single-TRP operation 
· FFS: Support dynamic switching the order of two TRPs
For single DCI based M-TRP PUSCH repetition schemes, in non-codebook based PUSCH, 
· Support two SRI field(s) corresponding to two SRS resource sets are included in DCI formats 0_1/0_2.
· Each SRI field indicating SRI per TRP, where the first SRI field based on Rel-15/16 framework, 
· Support the same number of layers applied over repetitions
· FFS: details of second SRI field including the specification change for Table 7.3.1.1.2-28/29/30/31 in 38.212.
· Support dynamic switching between multi-TRP and single-TRP operation
· FFS: whether/how to use SRI field(s) and additional details of SRI field(s) interpretations
· FFS: Minimizing the DCI overhead for PUSCH repetition Type A as a result of number of layers being limited to 1 when more than one repetition is scheduled.
· FFS: Support dynamic switching the order of two TRPs
· Companies are encouraged to provide total payload size of the two SRI fields and scheduling restriction, if any
Support CG PUSCH transmission towards M-TRPs using a single CG configuration. 
· Use same beam mapping principals as dynamic grant PUSCH repetition scheme. 
· FFS: Required changes on CG parameters (ConfiguredGrantConfig) 
· The feature is UE optional
For s-DCI based multi-TRP PUSCH repetition Type A and B, if the DCI schedules A-CSI, support multiplexing A-CSI on the first PUSCH repetition corresponding to the first beam and the X-th PUSCH repetition corresponding to the second beam.
· For PUSCH repetition Type A, X=1 (the first PUSCH repetition corresponding to the second beam) 
· For PUSCH repetition Type B, the first actual PUSCH repetition corresponding to the first beam and the X-th actual repetition corresponding to the second beam are considered, 
· The UE does not expect the first actual repetition corresponding to the first beam and the X-th actual repetition corresponding to the second beam to have a single symbol duration (similar restriction as in Rel-16 NR for the single TRP case).
· The first actual repetition corresponding to the first beam and the X-th actual repetition corresponding to the second beam are expected to have the same number of symbols
· FFS: X = 1 or X = the first actual repetition corresponding to the second beam that contains the same number of symbols as the first actual repetition with the first beam
· FFS: Any further restrictions/enhancements needed on supporting A-CSI multiplexing on PUSCH repetitions
· FFS: whether to support multiplexing SP-CSI/P-CSI on PUSCH repetitions towards multiple TRPs.
This contribution discusses enhancements on multi-TRP for PUSCH including dynamic signaling design and aperiodic CSI transmission.
2. Multi-TRP for PUSCH 
For both codebook-based and non-codebook based PUSCH transmission, it is agreed that two SRI field(s) corresponding to two SRS resource sets are included in DCI formats 0_1/0_2.Each SRI field indicating SRI per TRP, where the first SRI field based on Rel-15/16 framework, Support the same number of layers applied over repetitions. Effectively, the first SRS resource set is associated with the first TRP and the second SRS resource set is associated with the second TRP. Two SRI fields are included in the UL DCI and they indicate SRS resource(s) from the first SRS resource set and second SRS resource set, respectively.
To be able to dynamically switch between single-TRP and multi-TRP, an indicator in DCI could be specified to indicate whether the transmission is single-TRP or multi-TRP, when the bit size of indicator is zero, single-TRP transmission is indicated, and when the bit size of indicator is 2, multi-TRP transmission is indicated and at the same time, the beam mapping pattern can also indicated. By adopting this DCI signaling, when single-TRP transmission is indicated, the overhead of the DCI signalling is the same as the current specification without any overhead. on the other hand, since the cyclic beam mapping and sequential beam mapping are both supported for multi- TRP PUSCH, the 2 bits can indicate 4 different cases of beam patterns.
Hence, this approach does not require additional DCI overhead in most cases, and enables dynamic switching between single-TRP and multi-TRP, as well as dynamic beam switching between TRP1 and TRP2.
[bookmark: PUSCH2]Proposal 1: To enable dynamic switching between single-TRP and multi-TRP, an indicator in DCI indicating whether the transmission is single-TRP or multi-TRP.
2 Configured Grant PUSCH
For the case of Type-1 CG PUSCH, the two sets of transmission parameters (SRIs/TPMIs/etc.) should be RRC configured. The more dynamic beam patterns indication is necessary to update accurate beams for the multi-TRP configured Grant PUSCH especially considering the movement and rotation of the FR2 UEs, from our point of view, we consider MAC CE activation combined with RRC signalling could be considered.
Proposal 2: MAC CE activation combined with RRC signalling could be considered in multi-TRP configured grant PUSCH transmission.
3 Aperiodic CSI report on PUSCH
[bookmark: _GoBack]In Rel-15/Rel-16 specification, for DCI scheduling multiple PUSCH repetitions, aperiodic CSI report is only multiplexed on the first PUSCH. To get spatial diversity and reliability of multi-TRP PUSCH transmission, the aperiodic CSI report multiplexed on PUSCH need to be enhanced, the agreement has been made at last meeting which is for s-DCI based multi-TRP PUSCH repetition Type A and B, if the DCI schedules A-CSI, support multiplexing A-CSI on the first PUSCH repetition corresponding to the first beam and the X-th PUSCH repetition corresponding to the second beam. For PUSCH repetition Type A, X=1 (the first PUSCH repetition corresponding to the second beam). For PUSCH repetition Type B, X = 1 or X = the first actual repetition corresponding to the second beam that contains the same number of symbols as the first actual repetition with the first beam.
From our point of view, since frequency hopping of PUSCH would also be supported, we think the aperiodic CSI transmission should also consider the frequency hopping patterns to get frequency diversity besides spatial diversity. 
Proposal 3: The frequency hopping patterns of PUSCH should also be considered for aperiodic CSI report on mutli-TRP PUSCH transmission.
4 Conclusion
In this contribution, we give our analysis and views on the multi-TRP PUSCH transmission, the following proposals are given:
Proposal 1: To enable dynamic switching between single-TRP and multi-TRP, an indicator in DCI indicating whether the transmission is single-TRP or multi-TRP.
Proposal 2: MAC CE activation combined with RRC signalling could be considered in multi-TRP configured grant PUSCH transmission.
Proposal 3: The frequency hopping patterns of PUSCH should also be considered for aperiodic CSI report on mutli-TRP PUSCH transmission.
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