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1 Introduction
In RAN#102-e, substantial progress has been made on the uplink channels enhancement for multi-TRP deployment [2]. Some related agreements are listed below:
 
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 this contribution, we provide our views on enhancements on uplink channels for multi-TRP.
PUSCH/PUCCH repetition for multi-TRP
For the mapping between PUSCH repetitions and beams in single DCI based multi-TRP PUSCH repetition Type A and Type B, we provide our views on each alternative below:
· For Alt.1: cyclical mapping pattern and Alt.2: sequential mapping pattern, both patterns are supported for single DCI based multi-TRP PDSCH repetition and bring benefits to different scenario, so it would be sensible to support both patterns for single DCI based multi-TRP PUSCH repetition as the starting point. 
· For Alt.3: Half-Half pattern, if the beams are mapped to the actual repetitions for PUSCH repetition Type B, the definition of ‘half’ should be clarified since the number of repetitions cannot always be split equally. As a result, this alternative is not preferrable. 
· For Alt.4: other variants (e.g., configurable mapping pattern), the pattern could provide considerable flexibility which is similar to the pattern used for single DCI based multi-TRP PDSCH repetition, so supporting this pattern would be greatly preferable. Furthermore, the essential details of configurable mapping pattern should be further studied.
Observation 1: For the mapping between PUSCH repetitions and beams in single DCI based multi-TRP PUSCH repetition Type A and Type B, the half-half pattern leads to ambiguity when it applies to PUSCH repetition Type B.

Observation 2: The configurable pattern provides considerable flexibility for single DCI based multi-TRP PUSCH repetition.

Proposal 1: Support cyclical mapping pattern, sequential mapping pattern and configurable pattern for single DCI based multi-TRP PUSCH repetition. 

Proposal 2: The details of configurable mapping pattern should be further studied.

For PUSCH repetition Type B, the repetition type for mapping the beams, we provide our views on each alternative below:  
· For Alt.1: If the beams are mapped to the nominal repetitions, the repetition in different slot would be mapped to the same beam. 
· For Alt.2: If the beams are mapped to the actual repetitions, the feasibility of switching beam within short duration would need to be studied.  
· For Alt.3: If the beams are mapped to different slots, the non-uniform distribution for the number of repetitions in each slot would be considered. In addition, if PUSCH repetition Type B is configured to be transmitted within a slot, a set number of repetitions would be mapped to the same beam, and thus it seems not quite sensible in multi-TRP scenario.
To sum up, we could take alternative 1 or alternative 2 as the starting point.

Proposal 3: Take mapping beams to the nominal repetitions or mapping beams to the actual beams as the starting point.

For the repetition mechanisms discussed in Rel-16 multi-TRP based PDSCH enhancement, a UE receives individual PDSCH repetitions via the information carried in a single DCI. Similarly, in Rel-17 multi-TRP based PUSCH repetition, most of transmit parameters (e.g., TPMI, SRI, MCS, TPC, etc.) should be carried in a single scheduling DCI for indicating the UE how to perform transmission for individual repetitions. For codebook based PUSCH transmission, a TPMI and UL beam associated with the TPMI, indicated by a scheduling DCI, are applied to PUSCH transmission. For non-codebook based PUSCH transmission, a UE transmits multiple SRSs with different precoders to gNB, and then the gNB-desired precoder(s) and thus, rank, for PUSCH transmission will be indicated to the UE by a scheduling DCI. In multi-TRP scenario, since different TRPs are located on different geographic positions, assuming the same transmit parameters for transmitting PUSCH repetition of an uplink TB (Transport Block) toward different TRPs is not sensible. 

As shown in Figure 1, 2 TRPs are located on different geographic positions. Therefore, the channel between TRP#0 and the device should be different from the channel between TRP#1 and the device. As illustrated in Figure 1(a), if the device transmits PUSCH repetitions of a UL TB (i.e., PUSCH repetition#0, #1, #2 and #3) toward two TRPs by applying the same precoder, the benefit of repetitive PUSCH transmission could not be guaranteed. In other words, it would be beneficial to considering indicating multiple sets of transmit parameter to the UE for transmitting PUSCH repetitions of a UL TB toward different TRPs as illustrated in Figure 1(b). In addition, these statements are also applicable for PUCCH transmission under multi-TRP scenario. At least for PUCCH TX beam, we see the possibility that UL beams would change when some of PUCCH repetitions target toward different TRP. 

[bookmark: _Ref47706096]Observation 3: Applying the same transmit parameters (e.g. TPMI, RI, SRI) for all PUSCH or PUCCH repetitions in multi-TRP scenario is not feasible. 

Proposal 4: Study whether to introduce indication of multiple sets of transmit parameters for repetitive UL transmission in multi-TRP scenario.

[image: ]
[bookmark: _Ref47704557]Figure 1: Illustration of applying (a) the same precoder for PUSCH repetitions toward different TRPs (b) different precoder for PUSCH repetitions toward different TRPs
[bookmark: _Hlk861261]Single DCI based PUSCH transmission/repetition scheme(s) has been supported for PUSCH enhancement in the previous meeting. For these repetition mechanisms, most transmit parameter (e.g. TPMI, MCS, TPC, SRI, etc.) applied for repetitive PUSCH transmission toward different TRPs are carried in a single scheduling DCI. Since different TRPs are located on different geographic positions, applying the multiple sets of transmit parameters for repetitive PUSCH transmission in multi-TRP will be reasonable to always assume the same transmit parameters for repetitive PUSCH transmission toward different TRPs. However, if these multiple sets of transmit parameters are directly carried in a single DCI, it will result in larger signaling overhead and increase the PDCCH decoding complexity. To maintain similar DCI payload size as single-TRP case, one may leverage the fact that while many transmit parameters support per-slot adjustment, channel variation rate does not require to update the transmit parameters in every scheduled slot. One obvious example can be observed from SPS or CG PUSCH, where many transmit parameters are provided when it was activated. Thus, a signaling latency somewhere between SPS and dynamic signaling should be studied by RAN1.
Observation 4: Applying the multiple sets of transmit parameters for single DCI based PUSCH transmission/repetition in multi-TRP will result in large signaling overhead.

Proposal 5: RAN1 to study signaling overhead reduction method by introducing semi-persistent update characteristics in DCI signaling.
2 Conclusions
In this contribution, we discussed the potential enhancements on multi-TRP for uplink channels. Based on the discussion, we have observations and proposals as follows:

Observation 1: For the mapping between PUSCH repetitions and beams in single DCI based multi-TRP PUSCH repetition Type A and Type B, the half-half pattern leads to ambiguity when it applies to PUSCH repetition Type B.

Observation 2: The configurable pattern provides considerable flexibility for single DCI based multi-TRP PUSCH repetition. 

Observation 3: Applying the same transmit parameters (e.g. TPMI, RI, SRI) for all PUSCH or PUCCH repetitions in multi-TRP scenario is not feasible. 

Observation 4: Applying the multiple sets of transmit parameters for single DCI based PUSCH transmission/repetition in multi-TRP will result in large signaling overhead.

Proposal 1: Support cyclical mapping pattern, sequential mapping pattern and configurable pattern for single DCI based multi-TRP PUSCH repetition.

Proposal 2: The details of configurable mapping pattern should be further studied. 

Proposal 3: Take mapping beams to the nominal repetitions or mapping beams to the actual beams as the starting point. 

Proposal 4: Study whether to introduce indication of multiple sets of transmit parameters for repetitive UL transmission in multi-TRP scenario.

Proposal 5: RAN1 to study signaling overhead reduction method by introducing semi-persistent update characteristics in DCI signaling.
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