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Introduction
In RAN1#106b-e, substantial progress has been made on the uplink channels enhancement for multi-TRP deployment [1]. Some related agreements are listed below:

[bookmark: _Hlk84592549]Agreement
For both CB and NCB based mTRP PUSCH repetition schemes,  
· The SRS-ResourceSets (the first and second SRS resource sets) applicable for multi-TRP PUSCH scheduled by DCI format 0_1 and DCI format 0_2 are defined by the entries of the higher layer parameter srs-ResourceSetToAddModList and srs-ResourceSetToAddModListDCI-0-2 in SRS-config, respectively. 
· The first/second SRS resource set configured by higher layer parameter srs-ResourceSetToAddModListDCI-0-2 is composed of the first NSRS,0 2 SRS resources in the first/second SRS resource set configured by higher layer parameter srs-ResourceSetToAddModList. 
· FFS: Whether the value of the NSRS,0 2 can be different
· The presence of the new field in the DCI for dynamic switching (2bits) is separately determined for DCI format 0_1 and DCI format 0_2 (based on whether two SRS resource sets are configured for that DCI format).
Agreement
On the number of SRS resources configured in the two SRS resource sets, select Alt.1, 
· Alt.1: Support the same number of SRS resources for both CB and NCB based m-TRP PUSCH repetition. 
Agreement
For NCB based mTRP PUSCH repetition, on the minimal gap between associated NZP-CSI-RS and aperiodic NCB SRS, select one from the below in RAN1 #107-e meeting,
· Alt. 1: If both SRS resource sets are triggered in an overlapped manner in time domain (overlapping refer to overlapping of minimal gaps between two pairs of associated NZP-CSI-RS and aperiodic SRS corresponding to two SRS resource sets), the UE is not expected to update the SRS precoding information if the gap from the last symbol of the reception of the aperiodic NZP-CSI-RS resource and the first symbol of the aperiodic SRS transmission is less than 42 + d OFDM symbols, where d indicates the number of overlapped symbols for the two pairs of associated NZP-CSI-RS and aperiodic SRS for NCB.
· FFS: value of d
· Alt. 2: UE is not expected to support overlapping precoding calculation for different associated NZP-CSI-RS within a CC, i.e., the UE is not expected to get triggering for two SRS resource sets in an overlapped manner in time domain (overlapping refer to overlapping of minimal gaps between two pairs of associated NZP-CSI-RS and aperiodic SRS corresponding to two SRS resource sets).
· The minimal gap between associated NZP-CSI-RS and aperiodic SRS is same as Rel-15/16.
· Alt.3: Introduce a UE capability on UE support simultaneous precoding calculation for different associated NZP-CSI-RS within a CC.
· The minimal gap between associated NZP-CSI-RS and aperiodic SRS is same as Rel-15/16.
· Alt. 4: There is nothing wrong with the legacy procedures and capability indication to handle this issue. No changes to spec.
 
Conclusion
For Rel-17 mTRP PUSCH repetition, the UE may not need to consider following overlapping scenarios,
· One SRS resource for CB collides with another SRS resource for CB.
· One SRS resource for non-CB collides with another SRS resource for non-CB in another resource set.

In this contribution, we provide our views on some remaining details for enhancing uplink channels in multi-TRP scenario.
Discussion
Single DCI based multi-TRP PUSCH repetition
Mapping pattern of UL beams
In RAN1#104bis e-meeting, support of configuring either cyclic mapping or sequential mapping of UL beams was agreed. However, it was identified by the group that cyclical beam mapping may apply well for UE without power consumption concern, and sequential beam mapping may apply well for UE staying at relatively stable environment. If mapping pattern is semi-statically configured, the benefit from applying different mapping pattern in different situation would not be achieved. Therefore, a flexible scheduling for mapping pattern, for instance, a dynamic indication for adapting between cyclical beam mapping and sequential beam mapping, would be favourable for UE in different requirements. It is noted that the dynamic indication could be either a DCI field or a new entry in TDRA table (e.g., similar configuration as numberOfRepetitions for Rel-16 PUSCH repetition). Besides, for half-half mapping pattern, since the number of repetitions cannot always be split equally, it is unclear how to define ‘half’ to repetition procedure. Moreover, if the advantage from applying half-half mapping is power saving, sequential mapping could provide similar benefit, and hence we don’t support to introduce a new half-half mapping pattern for UL beams. 
Proposal 1: A dynamic indication (e.g., a DCI field or an entry in TDRA table) for adapting between cyclical and sequential beam mapping patterns should be considered. 
Proposal 2: Half-half mapping pattern is not preferred. 

Per TRP configuration - Invalid symbol pattern
In RAN1#104bis e-meeting, it was agreed to study whether enhancements are needed on beam mapping in case of PUCCH/PUSCH dropping due to invalid UL symbols, and the invalid UL symbols should not only include the symbols indicated as DL or the symbols used to receive DL scheduling but also consider the invalid symbols indicated by invalid symbol patterns. 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, which assumes 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 configuring invalid symbol pattern 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 1: Configure invalid symbol pattern per BWP for multi-TRP PUSCH repetition would lead to a scheduling restriction.
Proposal 3: Support configuring invalid symbol pattern per TRP for multi-TRP operation.

UCI multiplexing
In Rel-16, if a PUCCH overlaps with a slot based PUSCH repetition (PUSCH repetition Type A), the UCI included in the PUCCH is multiplexed in the overlapped PUSCH transmission when the conditions defined in 38.213 Clause 9.2.5 are fulfilled. On the other hand, if a PUCCH overlaps with a non-slot based PUSCH repetition (PUSCH repetition Type B), the UCI is multiplexed in the earliest actual PUSCH repetition of the PUSCH transmission that would overlap with the PUCCH and include more than one symbol. However, whether the same rule should be applied to multi-TRP PUSCH repetition is still unclear. In Rel-16, UE does not expect overlapping PUCCHs or PUSCHs towards different TRP, but it is hard to apply the same rule especially under the scenario where PUSCH repetition is toward different TRPs. For example, if a PUCCH corresponding to the first beam overlaps with a PUSCH repetition Type B toward different beams/TRPs (i.e., the first PUSCH repetition corresponding to the first beam and the second PUSCH repetition corresponding to the second beam), whether to multiplex the UCI in PUSCH transmission corresponding to the same beam or multiplex the UCI in both PUSCH repetitions should be discussed since it seems that multiplexing UCI in both PUSCH repetition corresponding to different beams would be beneficial from improving reliability perspective. Thus, how to handle some cases listed below for different overlapping scenarios should be further discussed: 
· A PUCCH corresponding to the first beam overlaps with PUSCH repetition Type A corresponding to the second beam
· A PUCCH corresponding to the first beam overlaps with PUSCH repetition Type B corresponding to the second beam
· The first PUCCH corresponding to the first beam and the second PUCCH corresponding to the second beam overlap with PUSCH repetition Type A corresponding to the first beam
· The first PUCCH corresponding to the first beam and the second PUCCH corresponding to the second beam overlap with PUSCH repetition Type B corresponding to the first beam
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Figure 2. Illustration of multiple PUCCHs overlap with PUSCH repetition Type A for multi-TRP operation
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Figure 3. Illustration of a PUCCH overlaps with PUSCH repetition Type B for multi-TRP operation
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Figure 3. Illustration of multiple PUCCHs overlap with PUSCH repetition Type B for multi-TRP operation

[bookmark: _Hlk83996232]Proposal 4: Clarify multi-TRP based multiplexing behavior for overlapping UL resources in time domain.
Proposal 5: The following cases of overlapping PUCCHs/PUSCHs for multi-TRP operation should be further discussed:
· A PUCCH corresponding to the first beam overlaps with PUSCH repetition Type A corresponding to the second beam
· A PUCCH corresponding to the first beam overlaps with PUSCH repetition Type B corresponding to the second beam
· The first PUCCH corresponding to the first beam and the second PUCCH corresponding to the second beam overlap with PUSCH repetition Type A corresponding to the first beam
· The first PUCCH corresponding to the first beam and the second PUCCH corresponding to the second beam overlap with PUSCH repetition Type B corresponding to the first beam
Enhancement for CB/NCB PUSCH transmission
SRS resources
In the previous meeting, we agreed that the first/second SRS resource set configured by higher layer parameter srs-ResourceSetToAddModListDCI-0-2 is composed of the first NSRS,0 2 SRS resources in the first/second SRS resource set configured by higher layer parameter srs-ResourceSetToAddModList. And whether the value of NSRS,0 2 can be different across the first and the second SRS resource set is a leftover problem in the last meeting. Regarding this issue, since we have already agreed that configuring the same number of SRS resources in the two SRS resource sets used for CB and NCB based m-TRP PUSCH transmission, it’s natural to configure the same number of SRS resources in the first/second SRS resource set indicated by srs-ResourceSetToAddModListDCI-0-2, i.e., the value of NSRS,0 2 would be the same.
Proposal 6: Do not support different values of NSRS,0 2 across the first and second SRS resource set for DCI format 0_2.

Default spatial relation
During the previous meetings, default spatial relation for PUSCH transmission was discussed. This discussion was focus on the condition that the spatial relation of the PUCCH resource was provided to the UE. According to the Rel-16 NR, the default beam for PUSCH scheduled by DCI format 0_0 is the same as the spatial relation information of the PUCCH resource with the lowest ID if the spatial relation information of the PUCCH resource with lowest ID is configured. Since one PUCCH resource can be activated 2 spatial relation information, which spatial relation should be used for the default beam of the PUSCH transmission is required to determine. Two options are proposed below during the previous meeting:
Option 1:  If the PUCCH resource with the lowest ID is activated with two spatial relation info, the spatial relation info with lower ID, is used as the default beam for PUSCH scheduled by DCI format 0_0.
Option 2: The PUCCH resource with the lowest ID is always activated with one spatial relation info.
For option 2, it can be achieved by the gNB implementation, and it will not cause specification impact. However, it’s not necessary to restrict the number of spatial relation information of the PUCCH resource with the lowest ID if option 1 is selected. In addition, there is majority support for the option 1. Under such a situation, we suggest supporting that the spatial relation information with lower ID is used as the default beam for PUSCH scheduled by DCI format 0_0 if the PUCCH resource with the lowest ID is activated with two spatial relation information.
Proposal 7: If the PUCCH resource with the lowest ID is activated with two spatial relation info, the spatial relation info with lower ID is used as the default beam for PUSCH scheduled by DCI format 0_0.
In addition, according to the agreement of AI 8.1.2.4, the CORESET can be activated with two TCI states. In NR, the default spatial relation information of PUCCH is the same as a spatial setting for PDCCH reception by the UE in the CORESET with the lowest ID on the active BWP. Since the COREST with the lowest ID can be activated with two TCI states, it’s possible to use these two TCI states to derive two default spatial relation information for a PUCCH resource to perform multi-TRP based PUCCH transmission. In our views, we suggest that the number of default spatial relation information derived for a PUCCH resource can be dependent on whether the CORESET with the lowest ID is activated with one or two TCI states. That is, if the CORESET with the lowest ID is activated with one TCI states, one default spatial relation information will be derived for a PUCCH resource based on this TCI state. On the other hand, if the CORESET with the lowest ID is activated with two TCI states, two default spatial relation information will be derived for a PUCCH resource based on these two TCI states.
Proposal 8:  The number of default spatial relation information derived for a PUCCH resource depends on whether the CORESET with the lowest ID is activated with one or two TCI states.

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: Configure invalid symbol pattern per BWP for multi-TRP PUSCH repetition would lead to a scheduling restriction.
Proposal 1: A dynamic indication (e.g., a DCI field or an entry in TDRA table) for adapting between cyclical and sequential beam mapping patterns should be considered. 
Proposal 2: Half-half mapping pattern is not preferred. 
Proposal 3: Support configuring invalid symbol pattern per TRP for multi-TRP operation.
Proposal 4: Clarify multi-TRP based multiplexing behavior for overlapping UL resources in time domain.
Proposal 5: The following cases of overlapping PUCCHs/PUSCHs for multi-TRP operation should be further discussed:
· A PUCCH corresponding to the first beam overlaps with PUSCH repetition Type A corresponding to the second beam
· A PUCCH corresponding to the first beam overlaps with PUSCH repetition Type B corresponding to the second beam
· The first PUCCH corresponding to the first beam and the second PUCCH corresponding to the second beam overlap with PUSCH repetition Type A corresponding to the first beam
· The first PUCCH corresponding to the first beam and the second PUCCH corresponding to the second beam overlap with PUSCH repetition Type B corresponding to the first beam
Proposal 6: Do not support different values of NSRS,0 2 across the first and second SRS resource set for DCI format 0_2.
Proposal 7: If the PUCCH resource with the lowest ID is activated with two spatial relation info, the spatial relation info with lower ID is used as the default beam for PUSCH scheduled by DCI format 0_0.
Proposal 8: The number of default spatial relation information derived for a PUCCH resource depends on whether the CORESET with the lowest ID is activated with one or two TCI states.
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