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1. Introduction
In 3GPP RAN1 #104bis-e, some agreements on multi-TRP enhancements for PUCCH and PUSCH have been made. In this contribution, we present our views on various aspects on PUCCH and PUSCH enhancements in multi-TRP system.

2. PUCCH reliability enhancements
PUCCH power control
[bookmark: OLE_LINK1]Agreement
For the case of multi-TRP, to support per-TRP power control in FR1, the linking of PUCCH resource with [one or] two power control parameter sets, the following is supported
· MAC-CE indicates RRC IE that configures power control parameter sets (p0, pathloss RS ID, and a closed-loop index).
· The exact design of RRC IE is up to RAN2 but from RAN1 point of view, one possible example is to reuse PUCCH-SpatialRelationInfo except for the referenceSignal 
Note: It is common understanding in RAN1 that one PUCCH resource can be linked to one power control parameter set.

To support per-TRP power control in FR1, it is agreed to indicate two power control parameter sets by MAC-CE. One remaining issue is whether one power control parameter set can be indicated by MAC CE or not. In FR2, up to two spatial relation infos can be activated per PUCCH resource via MAC CE which enables switching between STRP and MTRP PUCCH transmission. Therefore, it is natural to indicate one power control parameter set via MAC CE in FR1. Otherwise, STRP PUCCH transmission can not be supported after two power control parameter sets are activated by MAC CE.
Another issue needs to be addressed is about the default power control parameters of PUCCH resource before MAC CE activation. From our view, the procedure of determining default power control parameters in Rel-15/16 can be reused and no extra specification works are needed.
Proposal 1: Support linking one or two power control parameter sets to a PUCCH resource by MAC-CE.
Proposal 2: Support to reuse the procedure of determining default power control parameters in Rel-15/16, that is the lowest p0-PUCCH-ID and PUCCH-PathLossReferenceRS-Id 0 of a PUCCH resource are applied before power control parameter set(s) are activated by MAC-CE.



PUCCH frequency hopping
Agreement
When inter-slot frequency hopping is configured with Scheme 1, decide one from the below options in RAN1#105-e meeting,  
· Option 1
· If sequential mapping pattern is configured, frequency hopping is performed on slot level (as in Rel-15).
· If cyclical mapping pattern is configured, frequency hopping is performed among the repetitions with the same beam. 
· Option 2: 
· gNB always configures sequential mapping pattern and frequency hopping is performed on slot level. (no spec impact)
· Option 3:
· Frequency hopping is performed on slot level as in Rel-15 (no spec impact). 

If sequential mapping pattern is applied, there is no difference among the three options for frequency hopping. The difference of the three options is the frequency hopping pattern when cyclical mapping pattern is enabled. Anyway, compared with slot-level frequency hopping (i.e., option 3) no clear benefits are observed for cyclical mapping with frequency hopping performed among the repetitions with the same beam. Therefore, keeping Rel-15 design with no spec impact for frequency hopping is more preferred.
Proposal 3: Support Option 3. Frequency hopping is performed on slot level as in Rel-15.
Default beam of PUSCH schedule by DCI 0_0
In Rel. 15/16, UE transmits a PUSCH scheduled by DCI 0_0 according to the spatial relation of dedicated PUCCH resource with the lowest ID within the active UL BWP. In our view, enhancement of PUCCH and PUSCH should be configured separately. As a result, even if repetition of PUCCH is configured, repetition of PUSCH should not be applied unless the repetition of PUSCH is configured. Therefore, when two spatial relation infos are configured for the PUCCH with the lowest ID, a default beam of PUSCH should be determined from one of the spatial relation infos of that PUCCH resource.
Proposal 4: Support to set the default beam of PUSCH scheduled by DCI 0_0 according to the 1st PUCCH-spatialrelationinfo if two spatial relation infos are activated by MAC-CE for dedicated PUCCH with the lowest ID.
3. PUSCH reliability enhancements
Dynamic switching between STRP and MTRP
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.


It is agreed as a working assumption that a new field is used for indicating STRP/MTRP operation. Whether the new field is 1 bit or 2 bits is still under discussion. If 1 bit is used, only STRP or MTRP can be indicated. Then the information of which SRS resource set is applied for STRP PUSCH transmission should be indicated by some means. For example, some existing fields such as one of the SRI/TPMI fields can be reused to indicate the enabled SRS resource set. However, there is no SRI field when one SRS resource is configured for an SRS resource set. Similarly, it’s also possible to have no TPMI field in DCI. In such cases, it is hard to reuse existing field to indicate the beam for STRP PUSCH transmission. If 2 bits are used for the new field, 4 states can be indicated and dynamic STRP/MTRP switching as well as the indication of enabled SRS resource set in STRP case can all be supported regardless whether SRI/TPMI info field is present or not.
Proposal 5: Support introducing a new field with 2 bits to indicate the number of TRP and the enabled SRS resource set in STRP case.
It is agreed that the same number of layers are applied over MTRP PUSCH repetitions. For non-codebook based PUSCH in Rel-16, the layer info and SRS resource are jointly encoded in SRI field. Two SRI fields are agreed for MTRP PUSCH repetition and some bits can be saved without indicating the number of layers in the second SRI field.
Proposal 6: Confirm the following 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.

Since STRP and MTRP can be dynamic switched according to the new info field. When a single SRS resource set is indicated, which SRI field is used to indicate the corresponding SRS resource needs to be discussed. There are two options for the selection of SRI field. One option is to always using the first SRI field no matter which SRS resource set is indicated in STRP PUSCH transmission. Another option is to adopt one to one mapping between SRI field and SRS resource set. If the first SRS resource set is indicated, then the first SRI field is used to indicate SRS resource of first SRS resource set. Similarly, the second SRI field is used to indicate SRS resource of the second SRS resource set. If one to one mapping for SRI field and SRS resource set is used, how to get the number of layers for the second SRS resource set for non-codebook PUSCH should be discussed. Similar to the approach of indicating the second SRI in MTRP PUSCH case, the number of layers can be determined from the first SRI field in STRP PUSCH as well. Compare the two options for the mapping of SRI field to SRS resource set, one to one mapping for SRI field and SRS resource set is more preferred because unified signaling design for STRP and MTRP PUSCH can be achieved.
Proposal 7: For STRP PUSCH transmission, slightly prefer one to one mapping between SRI field and SRS resource set.
	-The first SRI field indicates SRS resource of the first SRS resource set and number of layer of the first and second SRS resource set, the second SRI field indicates SRS resource of the second SRS resource set.

PTRS-DMRS association
Agreement
For single DCI based M-TRP PUSCH Type B repetition, the indication of PTRS-DMRS association for maxRank > 2 is supported, down select one of the following options in RAN1 #105-e meeting, 
· Option 1 (4 bits): with a second PTRS-DMRS association field (similar to the existing field), and each field separately indicating the association between PTRS port and DMRS port for two TRPs. 
· Option 2 (2 bits): using the existing PTRS-DMRS association field in DCI for the first TRP, and using reserved entries/bits in DM-RS port indication field for the second TRP.
· Option 3 (2 bits): 1 bit MSB is used to indicate PTRS-DMRS association for the first TRP, and 1 bit LSB is used to indicate PTRS-DMRS association for the second TRP
· if maxNrofPorts = 1, the 1 bit indicates one of the first two DMRS ports. 
· if maxNrofPorts = 2, the 1 bit indicates one of two DMRS ports sharing the same PTRS port.

There are three options for the indication of PTRS-DMRS association for maxRank > 2. Considering the overhead of single DCI based M-TRP PUSCH and limited scenario supporting higher rank in UL, a common design for all ranks without introducing extra overhead is more reasonable. Therefore, it is better to reuse existing field instead of introducing a second info field indicationg PTRS-DMRS association. In option 2, reserved entries/bits in DM-RS port indication field for the second TRP is proposed. According to 38.212, there are enough entries for indicating PTRS-DMRS association in most of the tables while it is not possible to achieve that with the following tables. As shown in Table 1, 4 entries are needed for the indication of PTRS-DMRS association when maxNrofPorts is 1for each value. Thus 16 entries are required while only 12 reserved entries are available with such configuration. Based on the analysis, option 3 is more preferred.
Table 1: Antenna port(s), transform precoder is disabled, dmrs-Type=1, maxLength=2, rank = 4
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0-3
	1

	1
	2
	0,1,4,5
	2

	2
	2
	2,3,6,7
	2

	3
	2
	0,2,4,6
	2

	4-15
	Reserved
	Reserved
	Reserved



Proposal 8: Support Option 3 for the indication of PTRS-DMRS association when maxRank>2.
	-1bit MSB is used to indicate PTRS-DMRS association for the first TRP and 1bit LSB is used for the second TRP.
PUSCH power control
Agreement
For the indication of open-loop power control parameter (OLPC) in DCI format 0_1/0_2, support enhanced open-loop power control parameter (OLPC) set indication by indicating per-TRP OLPC set.
· FFS: Details of indication.
Agreement
For PHR reporting related to M-TRP PUSCH repetition, select one from the following options in RAN1 #105-e meeting. 
· Option 1:  Calculate one PHR associated with the first PUSCH occasion (earliest repetition that overlaps with the first slot in which the PUSCH that carries the PHR MAC-CE is transmitted) 
· Option 2: Calculate two PHRs, each associated with a first PUSCH occasion to each TRP, but report one of them 
· FFS: How to select the PHR for reporting. 
· Option 4: Calculate two PHRs, each associated with a first PUSCH occasion to each TRP, and report two PHRs 
· Option 5: No changes to legacy PHR reporting 

To accommodate different pathloss and interference in the two links, it’s agreed to enhance OLPC set indication with independent P0 value for each TRP. Different P0 can be achieved by two OLPC fields corresponding to two TRPs in DCI. However, overhead cannot be neglected if one more OLPC fields is added in DCI. As an alternative, two sets of P0 lists configured in higher layer corresponding to two TRPs can be considered. If the value for OLPC field is 1 and there is SRI field, P0 of each TRP can be indicated from respective P0 list according to the value of SRI field. If no SRI field exists, independent P0 can be preconfigured with same index in the two sets of P0 lists and then the P0 value for two TRPs can be different to meet different channel and interference conditions at two TRPs.
Proposal 9: Support to enhance OLPC set indication with separate preconfigured P0 lists per TRP by RRC configuration.
For PHR reporting of M-TRP PUSCH repetition, four options are raised for down selection in RAN1 #105-e. Since power control parameters configured for M-TRP PUSCH can be different, it is natural to report two PHR based on each beam. Based on current design of PHR reporting, only one PHR is reported per cell. As a result, differentiation of PHR per M-TRP within one cell in PHR reporting should be supported. Furthermore, dynamic switching of STRP and MTRP is agreed. Whether the number of reporting PHR should be dynamic changed according to the indication of STRP or MTRP transmission from DCI needs to be discussed. In our view, it can be a challenge to indicate the number of PHR report dynamically by higher layer according to the indication of STRP or MTRP transmission and we prefer that two PHRs are always reported if two SRS resource sets are configured for PUSCH transmission. Also, a predefined mapping order can be defined between an SRS resource set index and it’s corresponding PHR.
Proposal 10: Support Option 4 for PHR reporting related to M-TRP PUSCH repetition.	
-Calculate two PHRs, each associated with a first PUSCH occasion to each TRP and report two PHRs.
UCI multiplexing on PUSCH
Agreement
For multiplexing A-CSI on two PUSCH repetitions in the case of multi-TRP PUSCH repetition,
· For S-DCI based multi-TRP PUSCH repetition Type B, support multiplexing A-CSI on the first PUSCH repetition corresponding to the first beam and the first (X = 1) PUSCH repetition corresponding to the second beam.
· The UE is expected to follow the above operation for multiplexing A-CSI on two PUSCH repetitions only if 
· the first actual repetition corresponding to the first beam and the first actual repetition corresponding to the second beam does not have the same number of symbols, and 
· UCIs other than the A-CSI are not multiplexed on any of the two PUSCH repetitions.
· When the UE does not follow the above operation, UE multiplexes A-CSI only on the first PUSCH repetition similar to Rel. 15/16.
· The content for the two A-CSI should be the same
· Note: RAN1 has the assumption on CSI timelines are followed as rel-15/16, including UE shall expect the timeline for the first A-CSI meets Z and Z’ requirement
· FFS: For s-DCI based multi-TRP PUSCH repetition Type A and B, support multiplexing of A-CSI on the first PUSCH repetition corresponding to the first beam and the first PUSCH repetition corresponding to the second beam when there is no TB carried in the PUSCH. 
· The UE assumes that the number of repetitions is 2 regardless of the indicated number of repetitions. 
· For PUSCH repetition Type B, the first and second nominal repetitions are expected to be the same as the first and second actual repetitions, respectively (no segmentation).

One remaining issue for the repetition number of A-CSI on PUSCH repetition with no TB. Since only 2 repetitions are agreed for A-CSI multiplexing on PUSCH repetition with TB, it is reasonable to support the same repetition number for multiplexing A-CSI on PUSCH repetition with no TB.
Proposal 11: Support 2 repetitions regardless of the indicated number of repetitions for A-CSI on PUSCH with no TB.

M-TRP CG based PUSCH
[bookmark: _Hlk70417545]Agreement
For type 1 or type 2 CG based multi-TRP PUSCH repetition, 
· Introduce the second fields of 'p0-PUSCH-Alpha' and 'powerControlLoopToUse' in 'ConfiguredGrantConfig’ 
· For type 1 CG based m-TRP PUSCH repetition, introduce the second fields of ‘pathlossReferenceIndex’, 'srs-ResourceIndicator' and 'precodingAndNumberOfLayers' in 'rrc-ConfiguredUplinkGrant'.
· For type 2 CG based M-TRP PUSCH, two SRIs/TPMIs are indicated via the activating DCI.
· FFS1: UL PT-RS port(s) and DM-RS port(s) for CG type 1
· FFS3: Details on RV mapping. 
· FFS4: Possible transmission occasion for initial transmission
· FFS5: Other TRP specific parameters in 'rrc-ConfiguredUplinkGrant', e.g., 'dmrs-SeqInitialization'.

In Rel-16, the association between UL PT-RS port(s) and DM-RS port(s) is defined by “0” or “00” which means the association is predefined regardless of the actual channel condition for CG type 1. Therefore, same association can be also used for CG type 1 PUSCH repetition targeting MTRPs.
Proposal 12: For type 1 CG in MTRP repetition transmission, support the same association rule between PT-RS and DM-RS as in Rel-15/16.
Another FFS is on RV mapping for type 1 and type 2 CG based MTRP PUSCH repetition. Agreements on RV mapping for S-DCI based MTRP PUSCH repetition type B has been made in RAN1#104-e. Same rule can be applied for type 2 CG since it is triggered by DCI. For type 1 CG, same RV sequence configuration can be applied for MTRP and same RV pattern is mapped to the repetition with the same beam.
Proposal 13: The same RV pattern is mapped to the repetition with the same beam in type 2 CG based MTRP PUSCH repetition.
Beam mapping of PUSCH
[bookmark: _Hlk70417530]Agreement
Confirm the following working assumption (with removing the last bullet):
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) 

Regarding the beam mapping of PUSCH, it is agreed to configure either cyclic mapping or sequential mapping depending on UE capability. Besides the above two mapping patterns, half-half pattern is proposed for beams mapping as well. However, in our view, we cannot see the benefit compared with the other two mapping patterns. For example, the repetition number can be configured to 16 at most, then the first 8 repetition will be transmitted by one beam, the second 8 repetitions will be transmitted by another beam with half-half pattern. If the first beam is blocked during all the 8 repetition, then the delay for such PUSCH will be increased and the system performance will degrade. Furthermore, supporting one more pattern leads to higher UE complexity.
Proposal 14: Do not support half-half mapping for single DCI based M-TRP PUSCH repetition Type A and B.

4. Conclusion
Proposal 1: Support linking one or two power control parameter sets to a PUCCH resource by MAC-CE.
Proposal 2: Support to reuse the procedure of determining default power control parameters in Rel-15/16, that is the lowest p0-PUCCH-ID and PUCCH-PathLossReferenceRS-Id 0 of a PUCCH resource are applied before power control parameter set(s) are activated by MAC-CE.
Proposal 3: Support Option 3. Frequency hopping is performed on slot level as in Rel-15.
Proposal 4: Support to set the default beam of PUSCH scheduled by DCI 0_0 according to the 1st PUCCH-spatialrelationinfo if two spatial relation infos are activated by MAC-CE for dedicated PUCCH with the lowest ID.
Proposal 5: Support introducing a new field with 2 bits to indicate the number of TRP and the enabled SRS resource set in STRP case.
Proposal 6: Confirm the following 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.
Proposal 7: For STRP PUSCH transmission, slightly prefer one to one mapping between SRI field and SRS resource set.
	-The first SRI field indicates SRS resource of the first SRS resource set and number of layer of the first and second SRS resource set, the second SRI field indicates SRS resource of the second SRS resource set.
Proposal 8: Support Option 3 for the indication of PTRS-DMRS association when maxRank>2.
	-1bit MSB is used to indicate PTRS-DMRS association for the first TRP and 1bit LSB is used for the second TRP.
Proposal 9: Support to enhance OLPC set indication with separate preconfigured P0 lists per TRP by RRC configuration.
Proposal 10: Support Option 4 for PHR reporting related to M-TRP PUSCH repetition.	
-Calculate two PHRs, each associated with a first PUSCH occasion to each TRP and report two PHRs.
Proposal 11: Support 2 repetitions regardless of the indicated number of repetitions for A-CSI on PUSCH with no TB.
Proposal 12: For type 1 CG in MTRP repetition transmission, support the same association rule between PT-RS and DM-RS as in Rel-15/16.
Proposal 13: The same RV pattern is mapped to the repetition with the same beam in type 2 CG based MTRP PUSCH repetition.
Proposal 14: Do not support half-half mapping for single DCI based M-TRP PUSCH repetition Type A and B.
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