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1. INTRODUCTION
Rel-18 proposes further enhancements to the MIMO feature [1]. The WID scope includes Objective 6 on simultaneous multi-panel UL transmission (STxMP) in mTRP:

	6. Study, and if needed, specify the following items to facilitate simultaneous multi-panel UL transmission for higher UL throughput/reliability, focusing on FR2 and multi-TRP, assuming up to 2 TRPs and up to 2 panels, targeting CPE/FWA/vehicle/industrial devices (if applicable)
· UL precoding indication for PUSCH, where no new codebook is introduced for multi-panel simultaneous transmission
· The total number of layers is up to four across all panels and total number of codewords is up to two across all panels, considering single DCI and multi-DCI based multi-TRP operation.
· UL beam indication for PUCCH/PUSCH, where unified TCI framework extension in objective 2 is assumed, considering single DCI and multi-DCI based multi-TRP operation
· For the case of multi-DCI based multi-TRP operation, only PUSCH+PUSCH, or PUCCH+PUCCH is transmitted across two panels in a same CC.



Several aspects of Rel-18 STxMP procedure have already been agreed in the last meeting [2]. STxMP power control issues have not been addressed so far by RAN1, with discussions mainly being held in RAN4. In this contribution, we discuss several aspects related to PHR enhancements for STxMP. 

2. UL ENHANCEMENTS FOR SIMULTANEOUS MULTI-PANEL
Number of PHR values
In the last RAN4 meeting, several agreements were made related to STxMP power control [3], and it is agreed to support one pair of PCMAXf,c,k and PUMAXf  values per panel k to enable per panel power control. For Rel-18, we may reuse Rel-17 power control enhancements as a baseline.
In Rel-17, two power control loops have been specified for the multi-TRP case with separate parameters (open and closed loop) per power control process. This enables the Rel-17 TDM-ed PUSCH repetitions towards different TRP where the UE can adjust its transmission power towards TRPs with different pathlosses. However, Rel-17 is only designed for single panel whereas Rel-18 STxMP needs to consider two different panels. 
The PHR was also enhanced in Rel-17 to support dual PHR values in sDCI, and can be reused with some modifications to support STxMP. In the Rel-17 version without STxMP, if a UE transmits a PHR MAC-CE in slot n and is configured with twoPHRMode, it will also transmit a second PHR value.
In STxMP, each panel is associated with its own SRS resource set, and each SRS has its own pathloss reference RS which is QCL-ed with a TCI state. This enables the gNB to measure the pathloss changes per beam on each panel-TRP link. Since STxMP can be dynamically switched with sTRP using the SRS resource set indicator, then the gNB should receive the PHR values from both panels to make optimal scheduling decisions. Therefore, the UE should report two different PHR values where each value is associated to one panel (e.g., TCI).

Observation 1: UE performs pathloss measurements per panel based on the pathloss reference RS with a TCI configured in the associated SRS resource set.  

Proposal 1: UE reports two PHR values in an STxMP PHR. 

PHR triggering
Regarding triggering, the UE is configured with one TCI state per panel to determine the pathloss measurement per beam. Rel-17 mTRP considered different PUSCH transmissions on the same panel. For Rel-18, the triggering should be updated to consider that the PUSCH transmissions occur on different panels. Then the UE should be able to trigger the PHR per panel based on the measured pathloss difference per panel. 
Also, considering the mDCI case, joint or separate triggering should be configurable to enable the UE to report both PHR values jointly in one PHR report, or separately on the respective triggered panel. There are additional issues to consider with respect to PHR and MPR when the beams overlap. 

Observation 2: UE is configured with one TCI state (e.g., beam) per panel, so the triggering depends on the beam used per panel. 

Proposal 2: Per panel joint and separate PHR triggering is supported. 

mDCI considerations for overlapping beams
When the mDCI STxMP operation is configured, the UE may receive simultaneously two UL grants which may cause their transmissions on different panels to overlap in frequency and/or time. The UL beams may overlap or partially overlap, depending on the UE beamforming capability (e.g. depending on the beam width and AoD). However, this situation is not known by the gNB or gNBs (inter-cell case).  Moreover, if the RB allocations of the two UL grants overlap in frequency domain there may be an impact on MPR/A-MPR derivation/application when beams overlap and thus potentially affecting the Pcmax values on each beam which itself is subject to RAN4 study and decision.  Therefore, while each panel has its operation governed by an associated active TCI state related RS-es, overlapping/non-overlapping state of the UL beams could have an important impact on the UL power allocations and control that is not known by gNB.

Observation 3: The UE overlapping/non-overlapping status of the UL beams in relation with the active TCIs seems to have an important impact on the UL power allocations and control.
 
Proposal 3: Support to trigger a PHR with a signaling flag associated with a single or a pair of active TCIs, subject to overlapping/non-overlapping state of the UL beams.  

Determination of actual/virtual PHR values
The reported PHR values can be either actual (based on an actual scheduling grant) or virtual (based on a reference scheduling grant). In Rel-17, if the UE is configured with PUSCH repetitions with mTRP, the PUSCH can be dynamically switched between sTRP and mTRP based on the SRS resource set indicator received in the DCI. With mTRP, the UE has the scheduling information to compute actual PHR values for both TRPs; however, since PUSCH can be dynamically switched between sTRP and mTRP, the UE follows these rules from 38.213 Section 7.7.1 to determine whether the reported PHR values are actual or virtual:

	If a UE is provided twoPHRMode, and is provided two SRS resource sets in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with usage set to 'codebook' or 'nonCodebook' on active UL BWP  of carrier  of serving cell , the UE provides two Type 1 power headroom reports in a slot , where
-	if the UE provides a first Type 1 power headroom report for an actual PUSCH repetition of a PUSCH transmission starting earliest in slot  that is associated with one SRS resource set, 
-	if the UE transmits PUSCH repetitions associated with the other SRS resource set in slot , the UE provides a second Type 1 power headroom report for a first actual PUSCH repetition associated with the other SRS resource set that overlaps with slot 
-	else, the UE provides a second Type 1 power headroom report for a reference PUSCH transmission associated with the other SRS resource set […]
-	else, if the UE provides a Type 1 power headroom report for a reference PUSCH transmission associated with the first SRS resource set, the UE provides a Type 1 power headroom report for a reference PUSCH transmission associated with the second SRS resource set […]



We can summarize the rules as follows:
· If the first PHR value is actual, and slot n corresponds to an mTRP repetition transmission towards the second TRP, then the second PHR value is also actual; otherwise the second PHR value is virtual. 
· If the first PHR value is actual, and slot n corresponds to an sTRP transmission, the second PHR value is virtual. 
· If the first PHR value is virtual, the second PHR value is also virtual. 

The rule as is cannot be reused for STxMP because the two PUSCH transmission occur in the same slot, but the rule can be adapted. In Rel-18, the UE can similarly be dynamically switched between sTRP and STxMP transmission mode based on the SRS resource set indicator. The actual/virtual PHR determination can be enhanced considering if the transmission in slot n is sTRP or STxMP:
· If the first PHR value is actual, and slot n corresponds to an STxMP transmission, then the second PHR value is also actual.
· If the first PHR value is actual, and slot n corresponds to an sTRP transmission, the second PHR value is virtual.
· If the first PHR value is virtual, the second PHR value is also virtual. 

Observation 4: The Rel-17 rule to determine if the PHR value is actual/or real cannot be reused as is, because the PUSCH transmissions occur in the same slot n.  

Proposal 4: In STxMP, UE determines if the reported PHR values per panel are actual or virtual based on the STxMP or sTRP mode of operation in slot n where the PHR MAC-CE is transmitted. 

3. CONCLUSIONS
In this contribution, we provided our views on the PHR issues for STxMP. Based on the presented discussion, we make the following observations and proposals:

Observation 1: UE performs pathloss measurements per panel based on the pathloss reference RS with a TCI configured in the associated SRS resource set.  

Observation 2: UE is configured with one TCI state (e.g., beam) per panel, so the triggering depends on the beam used per panel. 

Observation 3: The UE overlapping/non-overlapping status of the UL beams in relation with the active TCIs seems to have an important impact on the UL power allocations and control.
 
Observation 4: The Rel-17 rule to determine if the PHR value is actual/or real cannot be reused as is, because the PUSCH transmissions occur in the same slot n.  

Proposal 1: UE reports two PHR values in an STxMP PHR. 

Proposal 2: Per panel joint and separate PHR triggering is supported. 

Proposal 3: Support to trigger a PHR report with a signaling flag associated with a single or a pair of active TCIs, subject to overlapping/non-overlapping state of the UL beams.  


Proposal 4: In STxMP, UE determines if the reported PHR values per panel are actual or virtual based on the STxMP or sTRP mode of operation in slot n where the PHR MAC-CE is transmitted.
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