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RAN1 agreed in RAN1#114 and #114bis that when twoPHRMode is configured UE needs to report two PHRs when uplink transmission is scheduled by S-DCI. And the agreement says that two PCmax instead of one Pcmax need to be reported hence current PHR MAC CE doesn’t work in this case. This paper tries to give the solution.
Discussion
Here is the related agreements in RAN1#114:
Agreement
On unified TCI framework extension for S-DCI based MTRP, if twoPHRMode is configured, and two SRS resource sets for CB/NCB and multipanelScheme for SDM/SFN are configured:
· If the UE determines that one or both Type 1 PHRs are based on an actual PUSCH transmission
· If the actual PUSCH transmission applies both first and second indicated joint/UL TCI states, the UE provides the first {power headroom, configured maximum output power} associated with the first indicated joint/UL TCI state for the actual PUSCH transmission, and the second {power headroom, configured maximum output power} associated with the second indicated joint/UL TCI state for the actual PUSCH transmission
· If the actual PUSCH transmission applies only the first indicated joint/UL TCI state, the UE provides the first {power headroom, configured maximum output power} associated with the first indicated joint/UL TCI state for the actual PUSCH transmission 
· FFS: How to provide the second report for a reference PUSCH transmission?
· If the actual PUSCH transmission applies only the second indicated joint/UL TCI state, the UE provides the second {power headroom, configured maximum output power} associated with the second indicated joint/UL TCI state for the actual PUSCH transmission
· FFS: How to provide the first report for a reference PUSCH transmission?
· FFS: If the UE determines that both Type 1 PHRs are based on reference PUSCH transmissions, how to provide the first and second reports for reference PUSCH transmissions, respectively?

Figure 1
And here is the related agreement in RAN1#114bis:
Agreement
On unified TCI framework extension for S-DCI based MTRP, if twoPHRMode is configured, and two SRS resource sets for CB/NCB and multipanelScheme for SDM/SFN are configured:
· If the UE determines that only one Type 1 PHR is based on an actual PUSCH transmission
· If the actual PUSCH transmission applies only the first indicated joint/UL TCI state, the UE provides the second {power headroom, configured max output power} associated with the second indicated joint/UL TCI state for a reference PUSCH transmission 
· If the actual PUSCH transmission applies only the second indicated joint/UL TCI state, the UE provides the first {power headroom, configured max output power} associated with the first indicated joint/UL TCI state for a reference PUSCH transmission
· If the UE determines that both Type 1 PHRs are based on reference PUSCH transmissions, the UE provides the first {power headroom, configured max output power} associated with the first indicated joint/UL TCI state for a reference PUSCH transmission, and the second {power headroom, configured max output power} associated with the second indicated joint/UL TCI state for another reference PUSCH transmission
· FFS: Whether the configured max output power reported in above cases is per UE or per panel or both

Figure 2
The RAN1 agreements can be summarized in following Table:
	Transmission case
	PHR
	PCmax

	Two real transmissions are associated with 1st and 2nd TCI state
	Real PHR associated with 1st TCI state
Real PHR associated with 2nd TCI state
	PCmax associated with 1st TCI state for actual PUSCH transmission
PCmax associated with 2nd TCI state for actual PUSCH transmission

	Real transmission is only associated with 1st TCI state
	Real PHR associated with 1st TCI state
Virtual PHR associated with 2nd TCI state
	PCmax associated with 1st TCI state for for actual PUSCH transmission
PCmax associated with 2nd TCI state for reference PUSCH transmission

	Real transmission is only associated with 2nd TCI state
	Virtual PHR associated with 1st TCI state
Real PHR associated with 2nd TCI state
	PCmax associated with 1st TCI state for reference PUSCH transmission
PCmax associated with 2nd TCI state for actual PUSCH transmission

	No real transmisison
	Virtual PHR associated with 1st TCI state
Virtual PHR associated with 2nd TCI state
	PCmax associated with 1st TCI state for reference PUSCH transmission
PCmax associated with 2nd TCI state for reference PUSCH transmission


Table 1
It basically means the UE needs report a pair of {PHR, PCmax} in this case. The left FFS is however confusing. If PCMax could be per UE (actually it means per CC in the context of RAN1’s discussion), it doesn’t make sense to report two (same) PCmax for one CC. Actually RAN1 had ever asked the same quesiton to RAN4 and received the confirmation in the LS [2] that per panel PCmax was needed.
While the MAC CE defined in section 6.1.3.50 and 6.1.3.51 [1] to report two PHRs when twoPHRMode is configured can report two PHRs but only with single PCmax. Here is the MAC CE defined in section 6.1.3.50:
[image: ]
Observation 1: When twoPHRMode is configured current PHR MAC CE defined in section 6.1.3.50 and 6.1.3.51 [1] can only report single PCmax and hence can’t support the agreement cited in Figure 1/2
One issue of PHR MAC CE introduced in section 6.1.3.48 and 6.1.3.49 [1] is to introduce per RS MPE, which is only applicable for the unified TCI state framework. Considering RAN1’s feature STxMP is also under the unified TCI state framework, one issue is whether we need to build a new MAC CE also on the PHR MAC CE in section 6.1.3.48 and 6.1.3.49 [1]. Our understanding is that it is not necessary because these two features are not coupled together. It means if both features are configured by network, the UE needs to report both PHR introduced in section 6.1.3.48 and 6.1.3.49 [1] and the potential new PHR MAC CE.
Proposal 1: If enhanced MPE reporting feature and STxMP are configured by network, the UE needs to report PHR MAC CE in section 6.1.3.48 and 6.1.3.49 [1] and potential new PHR MAC CE separately
The PHR MAC CE in section 6.1.3.50 and 6.1.3.51[1] to support PUSCH repetition based on legacy TCI state framework. While S-DCI STxMP is to support simultaemous PUSCH transmission with either same or different DMRS towards to 2 TRPs under the unified TCI state framework. In short these two features are exclusive with each other in RRC configuration. It means the new PHR MAC CE could be repurposed based on PHR MAC CE in section 6.1.3.50 and 6.1.3.51[1].
[bookmark: _Hlk157161100]Another aspect to taken into account is how many R bits are left for further extension. Assuming another pari of {P bit, MPE} is not needed, then there could be 3 R bits i.e. the R bit before the 2nd PH value and 2 R bits before 2nd PCmax value since it needs only 6 bits. But if another pair of {P bit, MPE} is needed, then no R bits is available. This case is illustrated in Figure 1 when P bit is set 1:


Figure 3 P and R bit based on legacy PHR MAC CE in 6.1.3.50 and 6.1.3.51
When 2nd PCmax is introduced, the left 1 R bit together with another 2 bits before 2nd PCmax will be used for 2nd pair of {P bit, MPE} hence no R is available to indicate this revised PHR MAC CE is repurposed. So it is obvious that a new PHR MAC CE i.e. a new eLCID is needed for this new MAC CE if 2nd pair of {P bit, MPE} needs to be also reported.
For S-DCI STxMP it is not clear whether 2nd pair of {P bit, MPE} is needed. This issue had been also discussed in RAN1, where no consensus was achieved:
RAN1#115 Conclusion
There is no consensus in RAN1 to support the report of P-MPR for unified TCI framework extension for S-DCI based MTRP, if twoPHRMode is configured, and two SRS resource sets for CB/NCB and multipanelScheme for SDM/SFN are configured.

But we think RAN2 should re-open the discussion. our understanding is that the pair of {P bit, MPE} is closely linked to the corresponding PCMAX,f,c, because both PCMAX,f,c and MPE will impact the final transmission power. If the PCMAX,f,c should be reported per panel, as a delta part of PCMAX,f,c i.e. MPE should be also reported per panel. 
Observation 2: for S-DCI STxMP, 2nd set of { PCmax ,P bit, MPE} should be also reported 
One more point is that for M-DCI STxMP the 2nd pair of {PCmax, P bit, MPE} is needed because the transmission towards different TRP is scheduled by DCI with different coresetPoolIndex, which follows indepent power control parameters. Some views in RAN1 believe that for M-DCI STxMP no new PHR MAC CE is needed because legacy PHR MAC CE e.g. MAC CE in section 6.1.3.8 and 6.1.3.9 can already be reused for such purpose. The problem for such approach is that MAC layer in network side can’t differentiate the PHR between TRP’s unless the MAC layer check PHY layer about the TRP, where the PHR is received. An easier way is to report these two PH valus with its corresponding {PCmax, P bit, MPE} in the same PHR MAC CE. So if the new PHR MAC CE can already report 2nd pair of {PCmax, P bit, MPE}, it can be also applicable for M-DCI STxMP case. For one specific CC, S-DCI and M-DCI configuration is exclusive with each other hence there is no confusion for them to reuse same PHR MAC CE format.
Observation 3: If the new PHR MAC CE can already report 2nd pair of {PCmax, P bit, MPE}, it can be also applicable for M-DCI STxMP case
Based on observation 2 and 3, we propose:
Proposal 2: a new PHR MAC CE is introduced with a new eLCID
Proposal 3: the new PHR MAC CE reports 2nd set of { PCmax, P bit, MPE }
Proposal 4: the new PHR MAC CE can be applicable for both S-DCI STxMP and M-DCI STxMP
Taking single Entry format as example, here is exmaple format:


Figure 4 new PHR MAC CE format with new LCID
{P1, MPE1 and PCMAX,f,c,0 } is 2nd set of parameter to gether with 2nd PH value, which is associated with the SRS-ResourceSet with a higher srs-ResourceSetId. The corresponding format with multiple entries can be found in Annex part.
Finally RAN1’s agreement doesn’t mention any new PHR trigger to report this potential new PHR MAC CE. Our understanding is that existing triggers can be all reused.
Porposal 5: no new PHR trigger is introduced
Conclusion
Observation 1: When twoPHRMode is configured current PHR MAC CE defined in section 6.1.3.50 and 6.1.3.51 [1] can only report single PCmax and hence can’t support the agreement cited in Figure 1/2
Observation 2: for S-DCI STxMP, 2nd set of { PCmax ,P bit, MPE} should be also reported 
Observation 3: If the new PHR MAC CE can already report 2nd pair of {PCmax, P bit, MPE}, it can be also applicable for M-DCI STxMP case
Proposal 1: If enhanced MPE reporting feature and STxMP are configured by network, UE need report PHR MAC CE in section 6.1.3.48 and 6.1.3.49 [1] and potential new PHR MAC CE separately
Proposal 2: a new PHR MAC CE is introduced with a new eLCID
Proposal 3: the new PHR MAC CE report 2nd set of {PCmax, P bit, MPE }
Proposal 4: the new PHR MAC CE can be applicable for both S-DCI STxMP and M-DCI STxMP
Porposal 5: no new PHR trigger is introduced
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Annex 
Multiple entries PHR for multiple TRP MAC CE to report 2nd PCmax with the highest ServCellIndex of Serving Cell with configured uplink is less than 8:















Multiple entries PHR for multiple TRP MAC CE to report 2nd PCmax with the highest ServCellIndex of Serving Cell with configured uplink is equal to or higher than 8:
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Figure 6.1.3.50-1: Enhanced Single Entry PHR for multiple TRP MAC CE
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