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Background
At RAN#86, a new work item on “Further enhancements on MIMO for NR” was agreed [1] and the revised WID was agreed at RAN#89-e [2]. In the WID, the following objectives were agreed for multi-TRP enhancement.
	1. 
1. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
1. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 
1. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception
1. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
1. Enhancement to support HST-SFN deployment scenario:
3. Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission
3. Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework
 



In RAN1#102-e meeting, some agreements were made for PUSCH enhancement. In this contribution, we share our views on PUSCH enhancement for MTRP operation.
 
Discussions
In the last meeting, the following agreements were made.
	Agreement 
For M-TRP PUSCH reliability enhancement, support single DCI based PUSCH transmission/repetition scheme(s). 
· Further study multi-DCI based PUSCH transmission/repetition scheme(s) to identify potential gains and required enhancements. 
· Note: This agreement does not reflect any prioritization of single DCI based PUSCH transmission/repetition over multi-DCI based PUSCH transmission/repetition. Ran1 can further discuss that in the next meeting.  

Agreement 
For single DCI based M-TRP PUSCH reliability enhancement, support TDMed PUSCH repetition scheme(s) based on Rel-16 PUSCH repetition Type A and Type B.
· Further study PUSCH transmission without repetition as a potential candidate M-TRP PUSCH scheme

Agreement
To support single DCI based M-TRP PUSCH repetition scheme(s), up to two beams are supported. RAN1 shall further study the details considering, 
1. Codebook based and non-codebook based PUSCH  
1. Enhancements on SRI/TPMI/power control parameters/any other 
Note1: Companies are encouraged to provide additional details on how above enhancements are applied to different PUSCH repetitions (e.g. mapping between PUSCH repetitions and beams)
Note2: Studying enhancements/aspects related to TA is not precluded.

Agreement
On the mapping between PUSCH repetitions and beams in single DCI based multi-TRP PUSCH repetition Type A and Type B, further study the following, 
· For both PUSCH repetition Type A and B, how the beams are mapped to different PUSCH repetitions (or slots/frequency hops),
· Alt.1: cyclical mapping pattern (the first and second beam are applied to the first and second PUSCH repetition, respectively, and the same beam mapping pattern continues to the remaining PUSCH repetitions). 
· Alt.2: sequential mapping pattern (the first beam is applied to the first and second PUSCH repetitions, and the second beam is applied to the third and fourth PUSCH repetitions, and the same beam mapping pattern continues to the remaining PUSCH repetitions). 
· Alt.3: Half-Half pattern (the first beam is applied to the first half of PUSCH repetitions, and the second beam is applied to the second half of PUSCH repetitions) 
· Alt.34: Other variants (e.g. configurable mapping patterns)
· Note1: For PUSCH repetition type B, the variants considering slot level beam mapping with the same mapping principals (replacing repetition with slot) in Alt.1/2/3 are also included. 
· Note2: For PUSCH repetition type A and B with frequency hopping, the variants considering frequency hop level beam mapping with the same mapping principals (replacing repetition with frequency hop) in Alt.1/2/3 can also be studied further. Final selection of such schemes also depends on the number of beams allowed per PUSCH repetition. 
· For PUSCH repetition Type B, which repetition type that the beams shall consider for the mapping,
· Alt.1: beams are mapped to the nominal repetitions
· Alt.2: beams are mapped to the actual repetitions
· Alt.3: beams are mapped to different slots (not in the granularity of actual/nominal repetition)
· Alt.4: Other variants
· Consider additional requirements on switching gap(s) between two PUSCH repetitions towards different TRPs considering beam switching latency aspects.
· Note: use of the above solutions to multi-DCI based PUSCH repetition and TDMed PUSCH transmission without repetition (when there are agreed to support) is not precluded. 




In the last meeting, for MTRP transmission for PUSCH, it was agreed that PUSCH repetition type A and repetition B schemes are supported. How the beam is allocated to each repetition needs to be discussed. Figure 1 shows the examples of beam allocation for each repetition.
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	Figure 1. Examples of beam allocation for each repetition (8 repetitions)



In our views, RV cycling is also applied for both PUSCH repetition type A and type B. In addition, for PUSCH reliability, the decodability at each TRP may be helpful. In that sense, it is preferable that the both beams can be applied to each RV. Therefore, before the down selection of these alternatives, RAN1 needs to consider the combination of RV cycling and beam pattern.
Proposal 1: Combination of RV cycling and beam mapping should be considered

For PUSCH repetition type B, Figure 2 shows examples of beam mapping. In this figure, TX#x represents a nominal repetition.
	[image: ]

	Figure 2. Examples of beam allocation for PUSCH repetition (4 repetitions)



In this figure, as an example, cyclical beam mapping is applied. In our view, redundancy version cycling is applied based on the actual repetition. Therefore, RAN1 should support that beams are mapped to actual repetitions like RV cycling.
Proposal 2: Support at least Beams are mapped to actual repetitions

Conclusion
In this contribution, we have the following proposals:
Proposal 1: Combination of RV cycling and beam mapping should be considered
Proposal 2: Support at least Beams are mapped to actual repetitions
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