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1. Introduction
[bookmark: _Hlk510705081][bookmark: _Hlk34217764]In this contribution, we discuss some remaining open aspects/issues for Rel-18 MIMO objectives.

2. Unified TCI framework extension for multi-TRP
Remaining issues on power control enhancements
2.1.1 [bookmark: _Hlk159229087]General power control enhancements
It’s worth recalling that Rel-17 introduced some power control enhancements for multi-TRP PUCCH/PUSCH operations, such as: the possibility for the gNB to configure a second TPC command field in DCI (formats 1_1/1_2 and 0_1/0_2) for both multi-TRP PUCCH and PUSCH operations. 

Considering the extension of the Rel-17 unified TCI framework to multi-TRP use cases in Rel-18, the following can be observed on that Rel-17 M-TRP power control enhancements (for single-DCI mode):
· The Rel-17 enhancements on introducing a second TPC command field in DCI for both multi-TRP PUCCH and PUSCH operations could be used in Rel-18. Specifically, a second TPC command field can be configured in DCI, and for a multi-TRP PUSCH/PUCCH operation considering two indicated TCI states (each associated with a different closed-loop index), first and second indicated TPC commands would apply to UL transmissions/repetitions mapped to a first and second TCI states, respectively; this assumes that these two TCI states are associated to different closed-loop indexes.
· If the second TPC field is not configured, indicated TPC command applies to UL transmissions/repetitions mapped to both first and second TCI states.

[bookmark: _Ref111225933][bookmark: _Hlk159229067]There has not been an agreement covering the above aspects in Rel-18, and we don’t think one could assume that a Rel-17 feature is automatically agreed in Rel-18. Hence, there is need to explicitly agree on those aspects.

Proposal 1: For Rel-18 multi-TRP PUSCH/PUCCH operations under unified TCI framework, RAN1 to explicitly agree on reusing the Rel-17 multi-TRP power control enhancement as follows:
· a second TPC field can be configured in DCI formats 1_1/1_2 and 0_1/0_2 to support per-TRP closed-loop power control. Specifically, first and second indicated TPC commands would apply to UL transmissions/repetitions mapped to first and second indicated TCI states, respectively;
· if the second TPC field is not configured, indicated TPC command applies to UL transmissions/repetitions mapped to both first and second indicated TCI states.

2.1.2 Power control related enhancements considering STxMP
Power adjustment parameter for STxMP
As commented in previous RAN1 discussions, the power adjustment component  may also be considered and adapted (for PUSCH power control), as it’s defined as follows based on the existing specifications (TS 38.213):
,
where ,  and  is a size for code block . 
Hence, the impact on , and specifically  (bits per resource element), would need to be discussed for the two PUSCH transmission occasions in case of SDM scheme since the layers and thus code-block are split between the two PUSCH occasions. And this is at least for cases where each (SDM-ed) PUSCH transmission carries one layer. 
So, similar to other parameters, and using the indexing used in the latest Rel-18 specifications, we would need to consider  for the for the k-th indicated TCI-State or TCI-UL-State.

One way to appropriately scale , and specifically the corresponding BPRE, for each SDM UL transmission would be to account for the corresponding number of layers this transmission is carrying. Specifically, the following could be considered: , where μ is the ratio between number of layer(s) associated with the PUSCH transmission occasion to the total number of layers across both PUSCH transmission occasions, and where we recall that [image: ]is the number of transmitted code blocks, [image: ] is the size for code block [image: ], and [image: ] is the number of resource elements as defined in TS 38.213.
[bookmark: _Hlk159229141]Proposal 2: In case of SDM PUSCH (at least when each PUSCH transmission carries one layer), the power adjustment parameter , and specifically the corresponding BPRE, for each PUSCH transmission is defined as follows:
· , where μ is the ratio between number of layer(s) associated with the PUSCH transmission occasion to the total number of layers across both overlapping PUSCH transmission occasions.

[bookmark: _Hlk159229242]Power headroom reporting
On the single-PHR mode: In Rel-17, two-PHR mode is optional and single-PHR mode may be configured. It’s not reasonable to only support two-PHR mode in Rel-18. 
Hence, one aspect that would need to be discussed is when two-PHR mode is not configured for a cell, i.e., the UE would be required to calculate and report one PH for that cell. In this case, for two simultaneous PUSCH transmissions, it should be discussed which PUSCH transmission to consider for the PH calculation and reporting. In that regard, one possible approach would be to configure the UE to use the PUSCH transmission corresponding to a given SRS resource set under the single-DCI mode. For the multi-DCI mode, similar approach could be used where the PUSCH transmission corresponding to a given CORESETPoolIndex may be used for the PH calculation. But we would be fine to further discuss the multi-DCI mode.
Observation 1: In Rel-17, two-PHR mode is optional and single-PHR mode can be configured. And it’s not reasonable to only support two-PHR mode in Rel-18. Hence, single-PHR mode would need to be considered in Rel-18.
Proposal 3: When the UE is configured with Rel-18 UL SDM scheme and is not configured with two-PHR mode, consider at least the following approach for selecting which PUSCH transmission to use for PH calculation: 
· For single-DCI mode, the UE is configured or indicated to use the PUSCH transmission corresponding to a given SRS resource set.

3.	Conclusions
Based on the discussion above we made the following observations and proposals:
General power control enhancements
Proposal 1: For Rel-18 multi-TRP PUSCH/PUCCH operations under unified TCI framework, RAN1 to explicitly agree on reusing the Rel-17 multi-TRP power control enhancement as follows:
· a second TPC field can be configured in DCI formats 1_1/1_2 and 0_1/0_2 to support per-TRP closed-loop power control. Specifically, first and second indicated TPC commands would apply to UL transmissions/repetitions mapped to first and second indicated TCI states, respectively;
· if the second TPC field is not configured, indicated TPC command applies to UL transmissions/repetitions mapped to both first and second indicated TCI states.

Power control related enhancements considering STxMP
Proposal 2: In case of SDM PUSCH (at least when each PUSCH transmission carries one layer), the power adjustment parameter , and specifically the corresponding BPRE, for each PUSCH transmission is defined as follows:
· , where μ is the ratio between number of layer(s) associated with the PUSCH transmission occasion to the total number of layers across both overlapping PUSCH transmission occasions.

Power headroom reporting
Observation 1: In Rel-17, two-PHR mode is optional and single-PHR mode can be configured. And it’s not reasonable to only support two-PHR mode in Rel-18. Hence, single-PHR mode would need to be considered in Rel-18.
Proposal 3: When the UE is configured with Rel-18 UL SDM scheme and is not configured with two-PHR mode, consider at least the following approach for selecting which PUSCH transmission to use for PH calculation: 
· For single-DCI mode, the UE is configured or indicated to use the PUSCH transmission corresponding to a given SRS resource set.
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