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1 Introduction
For PHR reporting related to mTRP PUSCH repetition, RAN1 provided the below description for MAC CE introduction on this PHR enhancements [1].
	Agreement For PHR reporting related to M-TRP PUSCH repetition, support Option 4 as UE optional capability for a UE that supports mTRP PUSCH, 

· Option 4: Calculate two PHRs (at least corresponding to the CC that applies m-TRP PUSCH repetitions), each associated with a first PUSCH occasion to each TRP, and report two PHRs.

Agreement: For option 4, support the following: 

· When PHR MAC-CE is reported in slot n, for a CC that is configured with mTRP PUSCH repetition, second PHR value is determined as, 

· If the first PHR value is actual PHR (based on Rel. 15/16) corresponding to a repetition among mTRP PUSCH repetitions associated with a given TRP, the second PHR value, select Alt. 2A 

 Alt.2A: Is actual only when a repetition associated with the other TRP is transmitted in slot n. Otherwise, it is virtual.

· If there are multiple repetitions associated with the other TRP in slot n, the earliest one in slot n is selected.

· If the first PHR value is actual PHR (based on Rel. 15/16) but not corresponding to a repetition among mTRP PUSCH repetitions (corresponds to sTRP PUSCH), select Alt. 1B 

 Alt1B: a second PHR value is reported as virtual PHR.

· If the first PHR value is virtual, select Alt. 1C 

 Alt1C: a second PHR value is reported as virtual PHR.

Note: It was agreed that when second PHR is virtual, it is calculated based on a set of default power control parameters defined for the other TRP (that is not associated with the first PHR)

Note: It was agreed that the above is applicable to both single entry and multi-entry PHR reports


Based on above agreements, the main functionality of mTRP PHR operation can be determined but the details (e.g. MAC CE design, triggering condition, etc.) should be determined by RAN2.
In this contribution, we discuss the detail impacts on PHR enhancements for mTRP PUSCH repetition.
2 Discussion
For Rel-17 MPE enhancements, RAN2 sent LS to RAN1 for asking whether the Rel-17 MPE signaling reporting changes are applicable to both ICBM and mTRP framework [2], another LS [3] includes couple of questions about the details on the MPE MAC CEs based on below agreement.
· Request the following further information from RAN1: A) How many resources (i.e. SSBRI/CRI ) can be configured in mpe-ResourcePool, and whether the resources are per BWP? B) For mTRP, does UE indicate CORESET pool ID, SRS resource set ID or something else in the mTRP PHR? C) Is the PCMax,f,c needed, and if yes is it included per indicated SSBRI/CRI value, or is it cell-specific?

	MPE

In RAN2#116, RAN2 agreed the following

· 4: Rel-17 MPE configuration can be included in PHR-Config. Will ask R1 whether MPE information can apply to both ICBM and mTRP 

This will impact at least the corresponding MAC CE design but potentially also configuration. Further, the parameter excel has TBD on the range for configuring the MPE resource pool. RAN2 understanding is that the MPE-ResourcePool may be a list of SSB or CSI-RS resources, which will be configured by RRC but for which RAN1 has not yet indicated maximum number. RAN2 would need to know this to derive the number of bits needed for the resource IDs in the MPE resource pool.

Question 1.7: Please clarify  the structure of the mpe-ResourcePool: Is it a list of SSB or CSI-RS resources (i.e. SSBRI or CRI), and what is the maximum number of resources configured in the pool?

RAN2 was also not clear on whether the MPE reporting would apply for the mTRP PHR and whether configuration mpe-Reporting-FR2 can apply to both BM case and mTRP case to activate the reporting, so RAN2 would like RAN1 to clarify this.

Question 1.8: Does the enhanced MPE reporting applies also to mTRP operation, and, if it does, will this be configured by mpe-Reporting-FR2 or is another RRC configuration needed?

Question 1.9: RAN1 to confirm whether the RAN2 should keep the MPE-Config-FR2-r17 in the PHR-Config IE, which is per cell group, or move it to (per-cell) per BWP level as indicated in L1 parameter excel?

Question 1.10: Is reporting of PCMax,f,c needed for MPE information and if it is, should it be included per indicated SSBRI/CRI value or is it cell-specific?


We think there are two possible cases based on RAN1 reply on the first LS [2].

1) Case 1: Rel-17 MPE restriction is only applied to ICBM (i.e. mTRP is not required to add Rel-17 MPE restriction)
· Option 1: Introduce the new PHR MAC CE for Rel-17 MPE

· Option 2: Extend the legacy PHR MAC CE for Rel-17 MPE

2) Case 2: Rel-17 MPE restriction is applied to both ICBM and mTRP 
· Option 1: Introduce the two PHR MAC CEs for each purpose

· Option 2: One PHR MAC CE covers both functionality

It means that if RAN2 adopt option 1 (MPE) + option 1 (mTRP), we will get 3 new MAC CEs (i.e. MPE without mTRP, mTRP with MPE and MPE with mTRP) at most.
In this contribution, we are not considering the MPE aspects because it should be determined by RAN1 for further work. The PHR enhancements for mTRP PUSCH repetition will be treated below. That is the open issues for PHR in [4] will be treated in this contribution.
Editor’s NOTE: FFS how to support PHR reporting for mTRP PUSCH repetition. Whether use legacy parameters (timer, threshold, etc.) or adding TRP specific parameters.
Editor’s NOTE: FFS how to support PHR reporting for mTRP PUSCH repetition (i.e. Single Entry and Multiple Entry cases): 1) New MAC CE design including the function which TRP is applied for PHR reporting. FFS whether a single MAC CE contains PHR for both TRPs or one MAC CE only reports PHR for a single TRP 2) How to incorporate the additional MPE information coming in Rel-17 to the new PHR format. FFS it will be determined based on RAN1 reply 3) Whether adding TRP specific parameters.

2.1.1 Triggering conditions for mTRP PHR 
During the offline discussion [5] in RAN2#116bis-e meeting, PHR reporting with mTRP was discussed with below questions how to choice between 1A, 1B, 2A and 2B.
1) Introduce a new PHR MAC CE with new LCID(s) for Rel-17 mTRP

2) Extend the legacy PHR MAC CE(s) for Rel-17 mTRP

Additionally, these can also have different sub-options:

A. Same MAC CE reports PHR for both TRPs

B. One MAC CE only reports PHR for a single TRP (with TRP ID included)

From our understanding, the most important factor to decide the MAC CE format for mTRP PHR is whether the new triggering condition is needed for mTRP or not. In addition, it is also considerable if the independent PHR report for mTRP is supported.

The triggering conditions for PHR report is event-based and those events defined that: 1) triggered when the path loss has changed more than the pre-configured threshold, 2) expiring of periodic timer, 3) first configuration of PHR by upper layer, 4) activation of SCell of any MAC entity and addition of PSCell, etc.
For some of conditions, it seems both PHR for mTRP should be reported simultaneously but some others (e.g. path loss change and timer expiration) are up to how RAN2 determine the triggering parameters.

Having separate parameter configuration for PHR (e.g. threshold for triggering and timer) would provide more network flexibility as if same value is preferred, network can configure the same value for mTRP. Therefore, it is clear that the separate PHR triggering per TRP gives more freedom of operation.

Proposal 1: RAN2 to agree on separate parameter configuration for per TRP PHR reporting e.g. phr-Tx-PowerFactorChange2, phr-ProhibitTimer2, phr-PeriodicTimer2, phr-Tx-PowerFactorChange2.
Proposal 2: RAN2 to consider per TRP PHR triggering when mTRP PUSCH repetition is configured.

2.1.2 MAC CE design for mTRP PHR
First both single entry PHR and multiple entry PHR should be defined for this functionality based on RAN1 agreements below:

Note: It was agreed that the above is applicable to both single entry and multi-entry PHR reports
Proposal 3: -
Both single entry PHR and multiple entry PHR are used for PHR for mTRP PUSCH repetition.

If the separate triggering condition on PHR for mTRP is introduced the MAC CE design between above choices i.e. 1A, 1B, 2A and 2B is quite clear. At least option “B” is quite aligned with the functionality and there are remaining decision whether the legacy MAC CE is extended or new MAC CE is introduced.

Both single entry PHR and multiple entry PHR has reserved bit which can be used for indicating the TRP ID (one-bit indicator) and it is also possible to the new PHR MAC CE only for the second TRP when mTRP PUSCH repetition is configured and activated. We slightly prefer the new MAC CE approach to save R bit for the legacy PHR format. 
1. Option 1: Add “T” field to differentiate the TRP
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Fig 1. Single entry PHR MAC CE for mTRP
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Fig 2. Multiple entry PHR MAC CE for mTRP
2. Option 2: Introduce the new MAC CE (new LCID) with same format with legacy PHR MAC CE

- Detail Figures are skipped because it is quite clear based on the legacy PHR MAC CE format
Proposal 4: Introduce a new MAC CE for multi-TRP PHR where one PHR per TRP are reported in a single multi-TRP MAC-CE instance.
Since each PHR MAC CEs for TRP1 and TRP2 are triggered differently, it is also possible that both MAC CEs for TRP 1 and TRP 2 are pending and UL grant is not large enough to accommodate both the MAC CEs. We think following alternatives can be applied to handle this issue:

- Alt 1: Select the one has larger value of PHR 
- Alt 2: Select the one triggered earlier than the other
- Alt 3: Configured by network 
- Alt 4: UE implementation
Since each PHR MAC CEs for TRP1 and TRP2 are triggered differently, it is also possible that both MAC CEs for TRP 1 and TRP 2 are pending and UL grant is not large enough to accommodate both the MAC CEs. We think following alternatives can be applied to handle this issue:

Among the above alternatives, we think Alt 2 is reasonable for the functionality because reporting early triggered PHR seems functionally better.
Proposal 5: If both MAC CEs for TRP 1 and TRP 2 are pending and UL grant is not large enough to accommodate both the MAC CEs, UE select the one triggered earlier than the other.
3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposals:
Proposal 1: RAN2 to agree on separate parameter configuration for per TRP PHR reporting e.g. phr-Tx-PowerFactorChange2, phr-ProhibitTimer2, phr-PeriodicTimer2, phr-Tx-PowerFactorChange2.
Proposal 2: RAN2 to consider per TRP PHR triggering when mTRP PUSCH repetition is configured.

Proposal 3: -
Both single entry PHR and multiple entry PHR are used for PHR for mTRP PUSCH repetition.
Proposal 4: Introduce a new MAC CE for multi-TRP PHR where one PHR per TRP are reported in a single multi-TRP MAC-CE instance.
Proposal 5: If both MAC CEs for TRP 1 and TRP 2 are pending and UL grant is not large enough to accommodate both the MAC CEs, UE select the one triggered earlier than the other.
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