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Introduction
In this contribution, we discuss repetition over multiple TRPs for PUCCH/PUSCH to improve reliability and robustness. 
PUSCH repetition over multiple TRPs
In previous meetings, following agreements were made for MTRP for PUSCH.
	Agreement
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
Agreement
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
Working Assumption
For indicating STRP/MTRP dynamic switching for non-CB/CB based MTRP PUSCH repetition,
· Introduce a new field in DCI to indicate at least the S-TRP or M-TRP operation
· FFS: Whether the new field is 1 bit or 2 bits
Working Assumption
For non-codebook based multi-TRP PUSCH, the first SRI field is used to determine the entry of the second SRI field which only contains the SRI(s) combinations corresponding to the indicated rank (number of layers) of the first SRI field. The number of bits, N2, for the second SRI field is determined by the maximum number of codepoint(s) per rank among all ranks associated with the first SRI field. For each rank x, the first Kx codepoint(s) are mapped to Kx SRIs of rank x associated with the first SRS field, the remaining (2N2-Kx) codepoint(s) are reserved.
Agreement
For CB based M-TRP PUSCH repetition, the first TPMI field is used to determine the entry of the second TPMI field which only contains TPMIs corresponding to the indicated rank (number of layers) of the first TPMI field. The second TPMI field’s bit width, M2, is determined by the maximum number of TPMIs per rank among all ranks associated with the first TPMI field. For each rank y, the first Ky codepoint(s) of the second TPMI field are mapped to Ky TPMI(s) of rank y associated with the first TPMI field in increasing order codepoint index, the remaining (2M2-Ky) codepoint(s) are reserved.
· How to describe/capture this in 38.212 is up to the editor.
Agreement
Further study following alternatives to support per TRP closed-loop power control for PUSCH , select from the below options during the RAN1 #104-e-bis meeting.
· Option.1: A single TPC field (the existing 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 (the existing 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 (similar to the existing 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.


It was agreed that dynamic S-TRP/M-TRP switching is indicated by a new DCI field. And it was agreed to further study whether the new DCI field is 1 or 2 bits. In addition to dynamic switching between S-TRP and M-TRP, it is also beneficial to support indicating dynamic switching between S-TRP to TRP1 and S-TRP to TRP2. Thus, 2 bits are needed for the new DCI field to indicate “M-TRP”, “S-TRP to TRP1” or “S-TRP to TRP2”.
Proposal 2-1:
· Introduce new DCI field with 2 bits indicating “M-TRP”, “S-TRP to TRP1” or “S-TRP to TRP2”.
When M-TRP is indicated, two SRI fields are applied. It was agreed that two SRI fields correspond to two SRS resource sets. However, the correspondence between two SRI fields and two SRS resource sets needs to be clarified. For example, for codebook/non-codebook PUSCH, the first/second SRI field can correspond to the SRS resource set with first/second lowest ID with usage = CB/NCB, respectively.
When S-TRP is indicated, which SRI field/SRS resource set/TPMI field is applied needs to be further discussed. 
For codebook PUSCH, regarding SRI field, if “S-TRP to TRP1” is indicated, the first SRI field and the SRS resource set with first lowest ID with usage = CB can be applied; if “S-TRP to TRP2” is indicated, the second SRI field and the SRS resource set with second lowest ID with usage = CB can be applied. Regarding TPMI field, since the second TPMI field does not indicate number of layers, if S-TRP is indicated, the first TPMI field is applied. 
For non-codebook PUSCH, since the second SRI field does not indicate number of layers, if S-TRP is indicated, the first SRI field is applied. If “S-TRP to TRP1” is indicated, the first SRI field and the SRS resource set with first lowest ID with usage = NCB can be applied; if “S-TRP to TRP2” is indicated, the first SRI field and the SRS resource set with second lowest ID with usage = NCB can be applied.
Proposal 2-2:
· When M-TRP is indicated, two SRI fields are applied. For codebook/non-codebook PUSCH, the first/second SRI field can correspond to the SRS resource set with first/second lowest ID with usage = CB/NCB.
· For codebook PUSCH, if “S-TRP to TRP1” is indicated, the first SRI field and the SRS resource set with first lowest ID with usage = CB can be applied; if “S-TRP to TRP2” is indicated, the second SRI field and the SRS resource set with second lowest ID with usage = CB can be applied. If S-TRP is indicated, the first TPMI field is applied.
· For non-codebook PUSCH, if “S-TRP to TRP1” is indicated, the first SRI field and the SRS resource set with first lowest ID with usage = NCB can be applied; if “S-TRP to TRP2” is indicated, the first SRI field and the SRS resource set with second lowest ID with usage = NCB can be applied. 
Considering that when PUSCH repetition Type A is configured and repetition number is larger than 1, the number of layers is limited to 1, it was agreed to further study minimizing DCI overhead for PUSCH repetition type A. For non-codebook PUSCH, when PUSCH repetition Type A is configured, the size of two SRI fields can be determined assuming Lmax=1. When repetition number is indicated as larger than 1, each SRI field indicates an entry from SRI table for Lmax=1. When repetition number is equal to 1, there is no limitation on number of layers. Hence, when repetition number is indicated as 1, combination of two SRI fields, e.g., first SRI field as MSB and second SRI field as LSB, can indicate an entry from SRI table for Lmax configured by higher layer parameter which can be larger than 1. For example, when NSRS is configured as 4 and Lmax is configured as 4, the size of each SRI field can be 2-bit. Assuming first SRI field indicates “10” and second SRI field indicates “01”, when number of repetitions is indicated as larger than 1, SRI table as in Figure1 is applied; when number of repetitions is indicated as 1, SRI table in Figure2 is applied.
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Figure1. SRI indication when number of repetitions is larger than 1.
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Figure1. SRI indication when number of repetitions is 1.

Proposal 2-3:
· For non-codebook PUSCH, when PUSCH repetition Type A is configured, the size of two SRI fields is determined assuming Lmax=1. 
· When repetition number is indicated as larger than 1, each SRI field indicates an entry from SRI table for Lmax=1. 
· When repetition number is indicated as 1, combination of two SRI fields, e.g., first SRI field as MSB and second SRI field as LSB, indicates an entry from SRI table for Lmax configured by higher layer parameter which can be larger than 1.

For PUSCH power control, it was agreed to down select from following options when closedLoopIndex values are different for different TRPs.
· 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.
Option1 does not support different TPC values for different TRPs. Option2 can only adjust power control for one TRP at a time. Furthermore, option2 is not applicable when TPC field indicates absolute values. For option3 and option4, to achieve the same flexibility of TPC indication, the overhead is the same, while option4 additionally requires spec. impact to predefine mapping between codepoint of TPC field and two TPC values. Therefore, option3 is preferred.
Proposal 2-4:
· For per TRP closed-loop power control for PUSCH, support option3: a second TPC field is added in DCI format 0_1/0_2.
In Rel-16, when SRI field is absent, default power control parameters are used for PUSCH power control. In M-TRP PUSCH, to support separate power control for different TRPs, different default power control parameters can be determined for different TRPs. Following alternatives can be considered. 
· Alt.1. first and second P0-PUSCH-AlphaSet in p0-AlphaSets are used for first TRP and second TRP, respectively. PUSCH-PathlossReferenceRS with first lowest and second lowest ID are used for first TRP and second TRP, respectively.
· Alt.2. Add second p0-AlphaSets/pathlossReferenceRSToAddModList. First P0-PUSCH-AlphaSet in each p0-AlphaSets is used for each TRP. PUSCH-PathlossReferenceRS with lowest ID in each list is used for each TRP.
Proposal 2-5:
· Support different default power control parameters determined for different TRPs when SRI field(s) is absent. Following alternatives can be considered. 
· Alt.1. first and second P0-PUSCH-AlphaSet in p0-AlphaSets are used for first TRP and second TRP, respectively. PUSCH-PathlossReferenceRS with first lowest and second lowest ID are used for first TRP and second TRP, respectively.
· Alt.2. Add second p0-AlphaSets/pathlossReferenceRSToAddModList. First P0-PUSCH-AlphaSet in each p0-AlphaSets is used for each TRP. PUSCH-PathlossReferenceRS with lowest ID in each list is used for each TRP.
PUCCH repetition over multiple TRPs
In previous meetings, following agreements were made for MTRP for PUCCH.
	Agreement
Further study following alternatives to support per TRP closed-loop power control for PUCCH, select from the below options during the RAN1 #104-e-bis meeting.
· Option.1: A single TPC field (the existing 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 (the existing 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 (similar to the existing 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.

Agreement
Further study following aspects related to beam mapping and default behaviors for multi-TRP PUCCH/PUSCH schemes,  
· Whether enhancements needed on beam mapping in case of PUCCH/PUSCH dropping due to invalid UL symbols
· Whether frequency hopping is performed among the repetitions with the same beam
· Whether defining default beam for PUSCH is needed when PUSCH scheduled by DCI format 0_0 when two spatial relation info’s are configured for a PUCCH resource



For per TRP closed-loop power control for PUCCH, it was agreed to select from following options.
· Option.1: A single TPC field (the existing 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 (the existing 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 (similar to the existing 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.
For the same reason as above analysis in for PUSCH, option3 is preferred. 
Proposal 3-1:
· For per TRP closed-loop power control for PUCCH, support option3: a second TPC field is added in DCI formats 1_1/1_2.
In Rel-15/16, for PUSCH scheduled by DCI format 0_0, UE shall transmit the PUSCH according to spatial relation of PUCCH resource with lowest ID. It was agreed in RAN1#103e that for M-TRP PUCCH, up to two spatial relation info can be activated per PUCCH resource. If the PUCCH resource with lowest ID is activated with two spatial relation info, one of the spatial relation info, e.g., the spatial relation info with lower ID, can be used as default beam of PUSCH.
Proposal 3-2:
· If the PUCCH resource with lowest ID is activated with two spatial relation info, one of the spatial relations, e.g., the spatial relation info with lower ID, is used as default beam for PUSCH scheduled by DCI format 0_0.

Conclusion
In this contribution, we discussed the reliability and robustness enhancements for simultaneous multi-TRP transmission for PDCCH, PUSCH, and PUCCH. We have following observations and proposals.
Proposal 2-1:
· Introduce new DCI field with 2 bits indicating “M-TRP”, “S-TRP to TRP1” or “S-TRP to TRP2”.
Proposal 2-2:
· When M-TRP is indicated, two SRI fields are applied. For codebook/non-codebook PUSCH, the first/second SRI field can correspond to the SRS resource set with first/second lowest ID with usage = CB/NCB.
· For codebook PUSCH, if “S-TRP to TRP1” is indicated, the first SRI field and the SRS resource set with first lowest ID with usage = CB can be applied; if “S-TRP to TRP2” is indicated, the second SRI field and the SRS resource set with second lowest ID with usage = CB can be applied. If S-TRP is indicated, the first TPMI field is applied.
· For non-codebook PUSCH, if “S-TRP to TRP1” is indicated, the first SRI field and the SRS resource set with first lowest ID with usage = NCB can be applied; if “S-TRP to TRP2” is indicated, the first SRI field and the SRS resource set with second lowest ID with usage = NCB can be applied. 
Proposal 2-3:
· For non-codebook PUSCH, when PUSCH repetition Type A is configured, the size of two SRI fields is determined assuming Lmax=1. 
· When repetition number is indicated as larger than 1, each SRI field indicates an entry from SRI table for Lmax=1. 
· When repetition number is indicated as 1, combination of two SRI fields, e.g., first SRI field as MSB and second SRI field as LSB, indicates an entry from SRI table for Lmax configured by higher layer parameter which can be larger than 1.
Proposal 2-4:
· For per TRP closed-loop power control for PUSCH, support option3: a second TPC field is added in DCI format 0_1/0_2.
Proposal 2-5:
· Support different default power control parameters determined for different TRPs when SRI field(s) is absent. Following alternatives can be considered. 
· Alt.1. first and second P0-PUSCH-AlphaSet in p0-AlphaSets are used for first TRP and second TRP, respectively. PUSCH-PathlossReferenceRS with first lowest and second lowest ID are used for first TRP and second TRP, respectively.
· Alt.2. Add second p0-AlphaSets/pathlossReferenceRSToAddModList. First P0-PUSCH-AlphaSet in each p0-AlphaSets is used for each TRP. PUSCH-PathlossReferenceRS with lowest ID in each list is used for each TRP.
Proposal 3-1:
· For per TRP closed-loop power control for PUCCH, support option3: a second TPC field is added in DCI formats 1_1/1_2.
Proposal 3-2:
· If the PUCCH resource with lowest ID is activated with two spatial relation info, one of the spatial relations, e.g., the spatial relation info with lower ID, is used as default beam for PUSCH scheduled by DCI format 0_0.
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