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Introduction
In RAN1#103-e, substantial progress has been made on the uplink channels enhancement for multi-TRP deployment [1]. Some related agreements are listed below:

Agreement
For single DCI based M-TRP PUSCH repetition schemes, support codebook based PUSCH transmission with following enhancements. 
· Support the indication of two SRIs. 
· Alt1: Bit field of SRI shall be enhanced. 
· Alt2: No changes on SRI field 
· Support the indication of two TPMIs. 
· The same number of layers are applied for both TPMIs if two TPMIs are indicated
· The number of SRS ports between two TRPs should be same.
· FFS: Details on indicating two TPMIs (e.g, one TPMI field or two TPMI fields)
· Increase the maximum number of SRS resource sets to two
· FFS: configuration details of each SRS resource set (e.g., number of SRS resources in a resource set)
Agreement
For PUCCH multi-TRP enhancements in FR2, 
· Support separate power control parameters for different TRP via associating power control parameters via PUCCH spatial relation info. 
· Note: No spec impact.
· For per TRP closed-loop power control for PUCCH, further study the following alternatives considering TPC command when the “closedLoopIndex” values associated with the two PUCCH spatial relation info’s are not the same.  
· Option.1: A single TPC field is used in DCI formats 1_1 / 1_2, and the TPC value applied for both PUCCH beams
· Option.2: A single TPC field is used in DCI formats 1_1 / 1_2, and the TPC value applied for one of two PUCCH beams at a slot. The TPC value may be applied for the other PUCCH beam at another slot.
· Option 3: A second TPC field is added in DCI formats 1_1 / 1_2.
· Option 4: A single TPC field is used in DCI formats 1_1 / 1_2, and indicates two TPC values applied to two PUCCH beams, respectively.
· FFS: Transition period for beam / power / frequency change. 
· FFS: Required power control enhancements for FR1
Agreement
For PUSCH multi-TRP enhancements, 
· For per TRP closed-loop power control for PUSCH, further study the following alternatives when the “closedLoopIndex” values are different.  
· Option.1: A single TPC field is used in DCI formats 0_1 / 0_2, and the TPC value applied for both PUSCH beams
· Option.2: A single TPC field is used in DCI formats 0_1 / 0_2, and the TPC value applied for one of two PUSCH beams at a slot. 
· Option 3: A second TPC field is added in DCI formats 0_1 / 0_2.
· Option 4: A single TPC field is used in DCI formats 0_1 / 0_2, and indicates two TPC values applied to two PUSCH beams, respectively.
· FFS: Transition period for beam / power / frequency change.
Agreement
Support both type 1 and type 2 CG PUSCH transmission towards MTRP. Further study the following alternatives, 
· Alt.1 : single CG configuration 
· Repetitions of a TB transmitted towards MTPR on multiple PUSCH transmission occasions of single CG configuration.
· At least for codebook-based CG PUSCH, support configuring 2 SRIs/TPMIs. 
· Alt.2 : multiple CG configurations 
· Repetitions of a TB transmitted towards MTRP on more than one PUSCH transmission occasions, where one or more transmission occasions are from one CG configuration and another one or more PUSCH transmission occasions are from another CG configuration.
· 1 SRI/TPMI is configured/indicated for each CG configuration.
· Further study required beam mapping principals, low overhead mechanisms for beam selection, and other enhancements for Alt.1 and Alt.2.  
Working Assumption
For single DCI based M-TRP PUSCH repetition Type A and B, it is possible to configure either cyclic mapping or sequential mapping of UL beams.
· The support of cyclic mapping can be optional UE feature for the cases when the number of repetitions is larger than 2.
· FFS: Support of half-half mapping. 
· FFS: Additional considerations on mapping patterns (including required beam switching gaps) 
· Companies are encouraged to provide further simulation results to decide details.   
Working Assumption
For PUCCH multi-TRP enhancements in Scheme 1, it is possible to configure either cyclic mapping or sequential mapping of spatial relation info’s over PUCCH repetitions. 
· FFS: Applicability of mapping patterns for different beam switching gaps
· The support of cyclic mapping can be optional UE feature for the cases when the number of repetitions is larger than 2. 
· Note: For Scheme 1, cyclical mapping pattern and sequential mapping pattern are as follows, 
· Cyclical mapping pattern: the first and second beam are applied to the first and second PUCCH repetition, respectively, and the same beam mapping pattern continues to the remaining PUCCH repetitions. 
· Sequential mapping pattern: the first beam is applied to the first and second PUCCH repetitions, and the second beam is applied to the third and fourth PUCCH repetitions, and the same beam mapping pattern continues to the remaining PUCCH repetitions.

In this contribution, we provide our views on enhancements on uplink channels for multi-TRP.
Discussion
Single DCI based multi-TRP PUSCH repetition
Mapping pattern of UL beams
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 half-half mapping:
· For half-half mapping 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. If the beams are mapped to the nominal repetitions, the half number of repetitions would be unequal since the number of repetitions is not always an even number. As a result, this mapping pattern is not preferrable. 
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.
Proposal 1: Half-half mapping pattern should not be supported.

Beam switching gap
For single DCI based multi-TRP PDSCH operation, a parameter startingsymboloffsetK is used to configure the starting symbol of the second transmission occasion which has K symbol offset relative to the last symbol of the first transmission occasion within a slot. However, the operation of PUSCH repetition type B is quite different from that of non-slot based PDSCH repetition TDM scheme since each configured repetition for PDSCH is confined within a slot and the gap between different beams might need to be adjust especially when the configured repetition is supposed to be cross the slot boundary. Thus, a more dynamic scheduling for the beam switching gap should be considered. For example, the gap could be dynamic indicated or more than one value for the gap could be configured.
Proposal 2: A more dynamic scheduling for beam switching gaps should be considered.

Invalid symbol pattern
In NR Rel-16 URLLC, for PUSCH repetition Type B, invalid symbol pattern is introduced for SRS or possible dynamic scheduling. One of methods that the UE determines invalid symbol(s) for PUSCH repetition Type B transmission is based on the higher layer parameter InvalidSymbolPattern. Invalid symbol pattern indicates one pattern for invalid symbols for PUSCH transmission repetition applicable to both DCI format 0-1 and 0-2. In other words, the symbols indicated as invalid cannot be used for PUSCH repetition Type B transmission, and thus the segmentation may occur around invalid symbols in the pattern. Segmentation means that a nominal repetition may be split into more than one actual repetition if the configured repetition transmission includes invalid symbol(s) or crosses a slot boundary. However, invalid symbol pattern is configured per BWP in Rel-16, then that would be a scheduling restriction when each nominal or actual PUSCH repetition is transmitted towards different TRP. An example could be found in Figure.1, assume that the invalid symbols indicated in 1(a) and 1(b)are reserved for SRS towards the first TRP and the second TRP, respectively. The third repetition would be omitted in 1(b) when the 1(b) invalid symbol pattern is configured for the UL BWP. Thus, it would be beneficial to configure some configurations or parameters per TRP rather than per BWP for multi-TRP operation. 
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Figure 1: Illustration of applying different invalid symbol patterns for multi-TRP PUSCH repetition
Observation 2: Configure invalid symbol pattern per BWP for multi-TRP PUSCH repetition would lead to a scheduling restriction.

Proposal 3: It would be beneficial to configure some configurations (e.g., invalid symbol pattern) or parameters per TRP rather than per BWP for multi-TRP operation.
Enhancement for CB/NCB PUSCH transmission
Bit field enhancement for CB based/NCB based PUSCH transmission
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 2, 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 2(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 2(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. Therefore, it’s natural to support the indication of 2 TPMIs and SRIs in one single DCI. For simplicity, the intuitive way is to enhance the bit field of SRI and TPMI, i.e., 2 TPMI fields and 2 SRI fields are included in the one DCI.
Proposal 4: Bit field enhancement for the indication of 2 TPMIs and 2 SRIs is necessary. For simplicity, 2 TPMI and 2 SRI fields are included in the one DCI is preferred.
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Figure 2: Illustration of applying (a) the same precoder for PUSCH/PUCCH repetitions toward different TRPs (b) different precoder for PUSCH/PUCCH repetitions toward different TRPs
Signaling overhead reduction
As mentioned in the previous paragraph, different TRPs are located on different geographic positions, and 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 all 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, we don’t need to update all sets of transmit parameters in every scheduled slot. For example, since the TPC command doesn’t need to be updated in a hurry, we don’t need to update all TPC commands for each repetitive PUSCH transmission toward different TRPs in the same scheduled slot. In other words, for the TPC command, we only need one TPC field in one DCI, and the TPC value applied for one of two PUSCH beams at one scheduled slot. 
Proposal 5: For signaling overhead reduction, we support option 2 for PUSCH/PUCCH close-loop power control.
However, for SRI and TPC field, we still can simply extend to 2 fields for both. Consider that TRP-based PUSCH transmission is generally used for increasing the reliability of PUSCH transmission, it’s reasonable to perform low rank transmission. Thus, we still can maintain the similar DCI payload size as single-TRP case when extending the TPMI and SRI field to 2 fields with limiting the TRP-based PUSCH transmission to low rank transmission.
Proposal 6: For TRP-based PUSCH transmission, it could be limited to low rank transmission for signaling overhead reduction.
CG PUSCH transmission
[bookmark: _Hlk861261]In addition to DG PUSCH, CG PUSCH transmission is also supported for multi-TRP based PUSCH transmission. In Rel-16, multiple CG configurations can be operating at the same time for both CG type 1 and CG type 2. Based one such background, it’s natural to apply multi-CG configuration to transmit different PUSCH toward TRPs. Unlike single CG configuration needs to increase extra fields in the CG configuration (i.e., ConfiguredGrantConfig) to indicate multiple sets of transmit parameters for different repetitive PUSCH transmissions toward different TPRs, multi-CG configuration can apply different CG configurations for different repetitive PUSCH transmissions toward different TPRs. Thus, multi-CG configuration can provide lower decoding complexity than single CG configuration.  Furthermore, performing multi-CG configuration results in less spec impact than single CG configuration.
Proposal 7: Support multiple CG configurations for multi-TRP PUSCH transmission.
Conclusions
In this contribution, we discussed the potential enhancements on multi-TRP for uplink channels. Based on the discussion, we have observation 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: Configure invalid symbol pattern per BWP for multi-TRP PUSCH repetition would lead to a scheduling restriction.
Proposal 1: Half-half mapping pattern should not be support.
Proposal 2: A more dynamic scheduling for beam switching gaps should be considered.
Proposal 3: It would be beneficial to configure some configurations (e.g., invalid symbol pattern) or parameters per TRP rather than per BWP for multi-TRP operation.
Proposal 4: Bit field enhancement for the indication of 2 TPMIs and 2SRIs is necessary. Foe simplicity, 2 TPMI and 2 SRI field are included in one DCI is preferred.
Proposal 5: For signaling overhead reduction, we support option 2 for PUSCH/PUCCH close-loop power control.
Proposal 6: For TRP-based PUSCH transmission, it could be limited to low rank transmission for signaling overhead reduction.
Proposal 7: Support multiple CG configurations for multi-TRP PUSCH transmission.
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