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1. INTRODUCTION
In RAN2#116 meeting email discussion [AT116-e][016] [1], MAC CE impacts regarding feMIMO has been discussed and agreements have been made regarding supporting PHR reporting for mTRP PUSCH:
	RAN2 to discuss how to support PHR reporting for mTRP PUSCH repetition, and may address e.g:
New MAC CE design including the function which TRP is applied for PHR reporting.
How to incorporate the additional MPE information coming in Rel-17 to the new PHR format
Whether use legacy parameters (timer, threshold, etc.) or adding TRP specific parameters
PHR triggering conditions



In this contribution, we further discuss details of PHR MAC CE design for mTRP PUSCH repetition.
2. DISCUSSION
Using legacy PHR MAC CE or new PHR MAC CE
In the previous meeting, there was a discussion on how to handle legacy PHR MAC CE and new PHR MAC CE when both are pending and UL grant is not large enough to accommodate. In our view, the UE does not need to support this co-existence scenario, as the new MAC CE should be able to indicate either one or two PHs for each serving cell. Therefore, generating one type of PHR MAC CE (i.e. either legacy or new PHR MAC CE) at a given time is enough for Power Headroom Reporting. 
According to RAN1#106-e agreements:
	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



For a serving cell configured with mTRP PUSCH repetitions, the UE calculates and reports two PHs. We assume that the configuration of mTRP PUSCH repetitions would not be changed very dynamically. Then it would be sufficient to rely on RRC configuration.
Proposal 1: 	The UE decides whether to report one or two PHs for a serving cell based on RRC configuration.
Proposal 2: 	If at least one of serving cells is configured to report two PHs, new PHR MAC CE for mTRP PUSCH repetition is used. Otherwise, legacy PHR MAC CE is used.
New PHR MAC CE design
Since mTRP PHR reporting is applicable to both single entry and multi-entry PHR reports, new PHR MAC CE format is needed for both Single Entry PHR MAC CE and Multiple Entry PHR MAC CE. An example of Single Entry mTRP PHR MAC CE is shown in Figure 1. In Single Entry mTRP PHR MAC CE, two PH fields is reported for a mTRP PUSCH PCell, each indicates PH level of a TRP of PCell. The order of PH field for each TRP can be predefined, e.g., based on SRS resource set id of the PUSCH transmission. Then, inclusion of TRP ID in the MAC CE would not be needed. 
Two P fields indicates whether power backoff is applied to the respective TRP. Accordingly, each MPE field for both TRP, if P field is not 0, indicates the applied power backoff for each TRP. Since different TRPs can have different maximum transmit powers in a serving cell, for each reported PH, different maximum power (PCMAX,f,c 1-1 and PCMAX,f,c, 1-2) is included in the MAC CE as well.


Figure 1. Example of Single Entry mTRP PHR MAC CE
Examples of Multiple Entry mTRP PHR MAC CE are shown in Figure 2-1 and 2-2. In addition to accommodating Type 2 PH for SpCell of the other MAC entity and (Type 1 or Type 3) PH for SCells, the UE should indicate the network whether the MAC CE includes one or two PHs for each serving cell. Although whether to report one or two PHs for a serving cell is configured by gNB, ambiguity may occur upon reconfiguration. In Figure 2-1 and Figure 2-2, N fields are added compared with legacy Multiple Entry PHR MAC CE where each N field indicates whether a corresponding serving cell is reported with one or two PHs. For example, N1 set to “1” indicates that two PHs are reported in the MAC CE for both TRPs of serving cell with serving cell index 1. N2 set to “0” indicates that one PH is reported in the MAC CE for serving cell with serving cell index 2.


.
Figure 2-1. Example of Multiple Entry mTRP PHR MAC CE


Figure 2-2. Example of Multiple Entry mTRP PHR MAC CE with highest ServCellIndex of serving cell with configured uplink is equal to or higher than 8
Proposal 3: 	Adopt Figure 1, Figure 2-1 and Figure2-2 as baseline for designing new PHR MAC CEs for mTRP PUSCH repetition.
3. CONCLUSION
We have the following proposals for Power headroom reporting for mTRP PUSCH repetition:
Proposal 1: 	The UE decides whether to report one or two PHs for a serving cell based on RRC configuration.
Proposal 2: 	If at least one of serving cells is configured to report two PHs, new PHR MAC CE for mTRP PUSCH repetition is used. Otherwise, legacy PHR MAC CE is used.
Proposal 3: 	Adopt Figure 1, Figure 2-1 and Figure2-2 as baseline for designing new PHR MAC CEs for mTRP PUSCH repetition.
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