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1. Introduction
In the last meeting, RAN2 discussed the necessity of multi-PHs porting for the SUL scenario [] and further discussion was held over email [NR-AH1801#16][NR UP/ MAC]. This contribution aims to address the other scenario where multiple PHs reporting is used. 
2. Discussion
According to the latest RAN1 report in NR AH1801, following was agreed [2]:
	Agreement:
Define RRC parameter SRI-PUSCHPowerControl-Mapping which contains the following, where Ns is the number of valid values for the SRI field in the DCI (as defined in 38.212) 

· SRI-PathlossReferenceIndex-Mapping contains Ns pathloss reference ID values (Note: Maximum of four pathloss reference IDs can be configured) with the first value corresponding to SRI state 0, second value corresponding to SRI state 1 etc.

· SRI-P0AlphaSetIndex-Mapping contains Ns p0-alpha set index values (Note: Maximum of 32 p0-alpha set values can be configured) with the first value corresponding to SRI state 0, second value corresponding to SRI state 1 etc.

· SRI-PUSCHClosedLoopIndex -Mapping contains Ns closed loop index values (Note: Maximum of 2 closed loop index values can be configured) with the first value corresponding to SRI state 0, second value corresponding to SRI state 1 etc.

Note: The RRC parameters above are separately configured for SUL and non-SUL


Since above is something new compared with LTE, we would like to explain our understanding what RAN1 aims to achieve with it. The transmission power equation in NR is taking over that in LTE. Following is captured from the latest RAN1 spec [3]
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In above equation, some factors are decided based on UL grant (e.g. number of PRBs and MCS offset) and others (e.g. α, PL, P0_PUSCH and closed loop TPC) are maintained per serving cell in LTE. On the other hand, in NR, RAN1 agreed that UE maintains more than one set of parameters even for one serving cell (e.g. α, PL, P0_PUSCH and closed loop TPC) to allow flexible TPC operation. For example, for the example, scenario where pathloss reference is changed dynamically is as follow. Since the best beam which UE refers as DL reference could be changed dynamically based on the radio environment, UE can be configured by RRC to monitor more than one DL reference signals. gNB indicates the DL beam (reference signal) via SRI (SRS resource indicator) in DCI  based on the quality of each reference. 
Observation1: UE maintains more than one DL pathloss reference even in the same serving cell.
For such dynamic DL pathloss reference selection, gNB needs to track the qualities of more than one DL references at simultaneously. For that purpose, UE needs to report power headroom corresponding to each pathloss reference. Also, since the pathlosses of more than one DL pathloss references could change at the same time, the PHR MAC CE needs to be adopted to report multiple PHs for the same channel and the same serving cell. Specifically, UE reports zero or one real PH (for pathloss reference for which transmission was performed) and multiple virtual PHs (for pathloss references for which transmission was not performed). Here we would like to acknowledge that RAN1 defines real PH and virtual PH for both PUSCH and SRS. 
It is noted that since the pathloss reference of PUCCH is not be dynamically changed (but configured via RRC semi-statically as in agreement in the Annex), we here focus on PUSCSH and SRS (i.e. Type 1PH and Typ3 PH). Thus, it is proposed to adopt PHR MAC CE to accommodate multiple Type1 PHs and Type 3 PHs even for the one serving cell.
Proposal1: Adopt PHR MAC CE to contain multiple Type1 and Type3 PHs even for one serving cell.
Since gNB needs to distinguish which PH is for which DL pathloss reference, additional identifier needs to be included in the MAC CE, e.g. SRI. One example of the format is following:
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Fig.1: Example PHR MAC CE format
Since the details of TPC is still investigated in RAN1 and RAN2 may need to discuss how to reduce/optimize the total size of PHR MAC CE format, it is proposed to discuss the format design.
Proposal2: Discuss the PHR MAC CE format to contain multiple Type1 and Type3 PHs even for one serving cell.
3. Conclusion
This paper addresses the use case where UE needs to report multiple PHs even for one serving cell and followings were observed and proposed:
Observation1: UE maintains more than one DL pathloss reference even in the same serving cell.
Proposal1: Adopt PHR MAC CE to contain multiple Type1 and Type3 PHs even for one serving cell.
Proposal2: Discuss the PHR MAC CE format to contain multiple Type1 and Type3 PHs even for one serving cell.
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5. Reference: RAN1 agreements in NR AH
	Agreement:
Define RRC parameter PUCCHPowerControl-Mapping which contains the following, where Ns is the number of configured entries in the parameter PUCCH-Spatial-relation-info 

· PathlossReferenceIndex-Mapping contains Ns pathloss reference ID values (Note: Maximum of four pathloss reference IDs can be configured) with the first value corresponding to the first entry of the parameter PUCCH-Spatial-relation-info, second value corresponding to the second entry of the parameter PUCCH-Spatial-relation-info etc.

· P0PUCCHIndex-Mapping contains Ns p0 PUCCH index values (Note: Maximum of 8 p0 PUCCH index values can be configured) with the first value corresponding to the first entry of the parameter PUCCH-Spatial-relation-info, second value corresponding to the second entry of the parameter PUCCH-Spatial-relation-info etc.

· PUCCHClosedLoopIndex -Mapping contains Ns closed loop index values (Note: Maximum of 2 closed loop index values can be configured) with the first value corresponding to the first entry of the parameter PUCCH-Spatial-relation-info, second value corresponding to the second entry of the parameter PUCCH-Spatial-relation-info etc.


	Agreement:

Virtual PHR for non-scheduled serving cell for CA/DC case is supported

· For PHR reporting for multiple cells, if the UE does not transmit PUSCH in PUSCH transmission period i for carrier f of serving cell c, the UE computes power headroom for a Type 1 report as 
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MPR=0dB, A-MPR=0dB, P-MPR=0dB for serving carrier f of cell c
· FFS: how to determine j, q_d and l
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