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1. INTRODUCTION

RAN2 continued discussing Rel-17 MIMO issues at the #116b-e Meeting [1], and preliminary discussion on PHR provided two different options but no conclusions:

	Proposal 30: RAN2 to determine if both mTRP’s PHRs are reported in a single multi-TRP MAC-CE instance.
1) Option 1: Introduce a new MAC-CE for multi-TRP PHR where both PHRs are reported in a single multi-TRP MAC-CE instance.
2) Option 2: Introduce a new MAC-CE for multi-TRP PHR where one PHR are reported in a single multi-TRP MAC-CE instance i.e. TRP identifier is included in the MAC CE.



No conclusion was made on adopting either option. Based on the 38.321 running CR [2], the following issues are still open with respect to PHR:

	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 additional MPE information reporting.



In this contribution, we provide our views on enhancements to the PHR reporting procedure for supporting mTRP PUSCH repetitions. 

2. REL-17 MULTI-TRP PHR

For mTRP uplink transmission with PUSCH repetition, it has been agreed to report two PHR values conditioned on UE capability [3, 4]:

	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




If a UE does not support multi-PHR reporting, the following agreement describes the basic operation and reporting of PHR:

	If a UE does not support option 4 (Calculate two PHRs),
· If the PHR reporting is actual PHR, the UE uses the set of power control parameters corresponding to a first (earliest) repetition that overlaps with the first slot in which the PUSCH that carries the PHR MAC-CE is transmitted.
· If the PHR reporting is virtual PHR, it is reported based on legacy procedures.
· Note: RAN2 may further discuss PHR triggering aspects related to mTRP PUSCH repetition




In light of the above agreements, there are some details related to triggering conditions and PHR MAC CE that need to be discussed.

Triggering conditions	
	In Rel-16, 38.321 section 5.4.6 [5] specifies that a UE may trigger a PHR based on one or more conditions. Such conditions may include at least one of: 
(i) expiry of a timer (e.g., a periodic timer), 
(ii) a PL value (e.g., for a cell or TRP) has changed by more than a threshold (e.g., since the last time a PHR was transmitted), 
(iii) a power backoff such as a power backoff due to power management (e.g., as allowed by P-MPR) has changed by more than a threshold, and/or 
(iv) a P-MPR (e.g., a measured P-MPR) such as a P-MPR applied to meet MPE requirements is or has changed to be equal to or larger than a threshold (e.g., since the last time PHR was transmitted). 

These conditions may be all affected by the pathloss that the UE measures towards a TRP. The triggering rule species that: “The path loss variation for one cell assessed above is between the pathloss measured at present time on the current pathloss reference and the pathloss measured at the transmission time of the last transmission of PHR on the pathloss reference in use at that time, irrespective of whether the pathloss reference has changed in between. The current pathloss reference for this purpose does not include any pathloss reference configured using pathlossReferenceRS-Pos in TS 38.331”. 

Observation 1: The triggering is done regardless of whether pathloss reference signals changed between measurements.

However, for Rel-17 multi-TRP PUSCH repetition, this is an issue because each TRP has its own pathloss reference RS, and the UE is transmitting based on two different SRIs, i.e., two different beams. If the same mechanism for triggering is kept for multi-TRP PUSCH repetition, then it’s likely the pathloss difference between TRPs will trigger a PHR whenever a UE switches SRI for transmission between the repetitions. However, this is not the intended behaviour. Instead, the PHR should be triggered per TRP, and the pathloss difference should be measured for transmissions to the same TRP. In other words, the triggering should be per PL-RS where each PL-RS is associated to a PHR. For example, an SRS resource set contains SRIs to a TRP where each SRI is configured with PL-RSs targeting the same TRP. This SRS resource set can be considered as an RS group associated to a TRP.

We propose to modify the triggering procedure as follows (shown in bold),

	- phr-ProhibitTimer expires or has expired and the path loss has changed more than phr-Tx-PowerFactorChange dB for at least one active RS group of at least one activated Serving Cell of any MAC entity of which the active DL BWP is not dormant BWP which is used as a pathloss reference since the last transmission of a PHR in this MAC entity when the MAC entity has UL resources for new transmission;

- The path loss variation for the RS group of one cell assessed above is between the pathloss measured at present time on the current pathloss reference of the RS group and the pathloss measured at the transmission time of the last transmission of PHR on the pathloss reference of the RS group in use at that time, irrespective of whether the pathloss reference has changed in between. The current pathloss reference for this purpose does not include any pathloss reference configured using pathlossReferenceRS-Pos in TS 38.331.




Similarly, for the P-MPR/MPE trigger, the procedure should be modified to account for per TRP triggering. The difference in power change may be calculated based on the configured PL-RS corresponding to a TRP. Regarding threshold parameters, a single parameter can be configured for both TRP. We don’t see the need to have TRP specific threshold values. The timers are configured per MAC entity, so a single timer may also be configured for both TRPs.
 
Proposal 1: Modify the triggering procedure to measure pathloss/power factor changes per PL-RS group.


Multi-TRP PHR MAC-CE
For UEs capable of reporting 2 PHR values, some MAC enhancements are needed. Two options can be considered. First option is to reuse the existing PHR MAC-CE with some enhancements. For example, some of the reserved bits may be utilized for reporting of the additional PHR. The second option is to introduce a new MAC-CE with its own LCID and LCP for the purpose of multi-TRP MAC-CE reporting. When a UE is dynamically is switched between single- and multi-TRP operations, possibility of having different LCID and LCP would be beneficial. By having such capability, the UE may prioritize reporting of a single PHR based on LCP prioritization. 
An association between a PHR and a TRP can be implicitly determined based on the SRI ordering in the DCI. For example, the PHR corresponding to the TRP of the first SRI is included first, and the PHR corresponding to the TRP of the second SRI is included second in the MAC-CE. 

Observation 2: Rel-17 multi-TRP PHR requires a multiple PHR values to be reported through MAC-CE.

Proposal 2: Introduce a new MAC-CE for multi-TRP PHR where both PHRs are reported in a single multi-TRP MAC-CE instance. 

Insufficient PUSCH Grant Resource Allocation
For UEs supporting reporting of two PHR values, it may not be always possible to report both computed values. For example, the overhead due to reporting two PHR values may be more than the allocated resources. In other words, the PUSCH resource allocation associated to the uplink grant may not have sufficient resources to carry both PHR values. Then in such circumstances, the UE needs to select only one of the PHR values for reporting. Therefore, the UE may prioritize one PHR to report first, or to report only one. For example, if both calculated power levels are similar (e.g. their difference is less than a threshold), then the UE may report a single value and the NW considers that the PHR applies to both TRPs. 

Observation 3: Overhead due to reporting two PHR values may be more than the allocated resources.

Proposal 3: If PUSCH resource allocation associated to the uplink grant does not have sufficient resources to carry both PHR values, UE reports only one of the computed PHR values. 

3. CONCLUSIONS
This contribution discussed the triggering enhancements to support multi-TRP PHR, and we make the following observations and proposals:

Observation 1: The triggering is done regardless of whether pathloss reference signals changed between measurements.

Observation 2: Rel-17 multi-TRP PHR requires a multiple PHR values to be reported through MAC-CE.

Observation 3: Overhead due to reporting two PHR values may be more than the allocated resources.

Proposal 1: Modify the triggering procedure to measure pathloss/power factor changes per PL-RS group.

Proposal 2: Introduce a new MAC-CE for multi-TRP PHR where both PHRs are reported in a single multi-TRP MAC-CE instance. 

Proposal 3: If PUSCH resource allocation associated to the uplink grant does not have sufficient resources to carry both PHR values, UE reports only one of the computed PHR values. 
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