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1. INTRODUCTION
In Rel-17 MAC specification, PHR for multi-TRP is introduced and both single and multiple entry format of enhanced PHR MAC CE for multiple TRP are introduced. In this contribution, we further discuss details and corrections of PHR MAC CE for multiple TRP.
2. DISCUSSION
TRP index reported in the PHR mTRP MAC CE
In the current field description of PHR MAC CE, the field indicating power headroom level is described as follow:
	-	Power Headroom i (PH i): This field indicates the power headroom level, where i is the index of the TRP. The length of the field is 6 bits. The reported PH and the corresponding power headroom levels are shown in Table 6.1.3.8-1 (the corresponding measured values in dB are specified in TS 38.133 [11]);


However, the term “index of the TRP” is undefined, and needs to be clarified. Moreover, the order of PHs for different TRP in one Cell in the MAC CE is unclear. In RAN1 specification, SRS resource set is often used to represent TRP identity for mTRP operation. Hence, it could be beneficial to use SRS resource set id for both identity/index of the TRP and for defining order of PHs in the MAC CE. For example, the order of PH field for each TRP can be predefined based on corresponding TRP identities, e.g., based on SRS resource set id. Then, inclusion of TRP identity in the MAC CE would not be needed. 
Proposal 1: 	Clarify that the index of the TRP is SRS resource set id. Order of two PHs for a serving cell is set based on SRS resource set id.
Reporting sTRP Cells in multiple entry PHR for mTRP MAC CE
In the current specification for Multiple Entry PHR for multiple TRP MAC CE, an editor’s note is added that whether the MAC CE should include reporting for serving cells using sTRP:
	[bookmark: _Toc100872154]6.1.3.51	Enhanced Multiple Entry PHR for multiple TRP MAC CE
The Enhanced Multiple Entry PHR for multiple TRP MAC CE is identified by a MAC subheader with eLCID as specified in Table 6.2.1-2b.
Editor's note: This MAC CE may need to be updated to also include the reporting for serving cells using sTRP if this MAC CE is also used for such serving cells (since the reporting procedure is currently FFS, including whether to use this MAC CE for these serving cells or not).



When twoPHRmode is configured in PHR-config for a Cell group, a part of serving cells can be configured with mTRP while other serving cells are sTRP. In our view, when a PHR is triggered, one single MAC CE for reporting all serving cells (both mTRP and sTRP Cells) is sufficient and produces less overhead than separate MAC CEs for different TRP modes. 
In addition, as mentioned in editor’s note in the specification, enhanced PHR MAC CE should also be designed considering DC support:
	Editor's note: Above MAC CE formats would be the working assumption but it can be further updated or re-designed based on consensus from the companies with considering DC-case support.


when the UE is configured with Dual connectivity, serving cells of the other MAC entity is also reported when PHR is triggered. In this case, since the other MAC entity may not be configured with twoPHRmode, it is more flexible to design mTRP MAC CE in order to accommodate sTRP PH reporting for other MAC entity as well.
Proposal 2: 	Enhanced Multiple Entry PHR for multiple TRP MAC CE includes reporting for serving cells using sTRP and serving cells using mTRP.
Examples of Enhanced Multiple Entry PHR for multiple TRP MAC CE are shown in Figure in the text proposal. 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, N fields are added compared with current Enhanced Multiple Entry PHR for multiple TRP 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, and the second octet PH for the serving cell of the serving cell index 2 should be omitted.
Proposal 3: 	A bitmap is included in Enhanced Multiple Entry PHR for multiple TRP MAC CE, and each bit indicates whether one or two PHs is reported for the corresponding serving cell.
In addition, since in the current Enhanced Multiple Entry PHR MAC CE format, there’s one octet for PCMAX and MPE field for each serving cell. However, there can be more than one V field for multiple TRPs in each serving cell, and whether the octet for PCMAX and MPE filed exists in the MAC CE needs to take the value of multiple V fields for the serving cell into consideration. PCMAX field is reported only when a real transmission is performed on associated serving cell. Therefore, we propose that when all of the V field is set to 1 for the serving cell (i.e. no real transmission on any TRP of the serving cell), the octet for PMAX and MPE is omitted (text proposal in the Annex).
Proposal 4: 	When all of the V field(s) for a Serving Cell is set to 1, the octet containing the associated PCMAX,f,c field and the MPE field is omitted for the Serving Cell in Enhanced Multiple Entry PHR for multiple TRP MAC CE.
Finally, in addition to MAC CE format and field description, we have text proposals for UE reporting for enhanced PHR for multiple TRPs (when twoPHRMode is configured).
Proposal 5: 	Adopt TP as baseline for enhanced PHR reporting and Enhanced Multiple Entry PHR for multiple TRP MAC CE for reporting both mTRP and sTRP Cells.


3. CONCLUSION
We have the following proposals for Power headroom reporting MAC CE:
Proposal 1: 	Clarify that the index of the TRP is SRS resource set id. Order of two PHs for a serving cell is set based on SRS resource set id.
Proposal 2: 	Enhanced Multiple Entry PHR for multiple TRP MAC CE includes reporting for serving cells using sTRP and serving cells using mTRP.
Proposal 3: 	A bitmap is included in Enhanced Multiple Entry PHR for multiple TRP MAC CE, and each bit indicates whether one or two PHs is reported for the corresponding serving cell.
Proposal 4: 	When all of the V field(s) for a Serving Cell is set to 1, the octet containing the associated PCMAX,f,c field and the MPE field is omitted for the Serving Cell in Enhanced Multiple Entry PHR for multiple TRP MAC CE.
Proposal 5: 	Adopt TP as baseline for enhanced PHR reporting and Enhanced Multiple Entry PHR for multiple TRP MAC CE for reporting both mTRP and sTRP Cells.
4. ANNEX (TEXT PROPOSAL FOR 38.321[1]) 
[bookmark: _Toc100872153]6.1.3.50	Enhanced Single Entry PHR for multiple TRP MAC CE
The Enhanced Single Entry PHR for multiple TRP MAC CE is identified by a MAC subheader with eLCID as specified in Table 6.2.1-2b.
The two PHs together with two PCMAX,f,c for the Serving Cell are reported if UE is configured with twoPHRMode with the multiple TRP PUSCH repetition feature is configured.
It has a fixed size and consists of fourthree octets defined as follows (Figure 6.1.3.50-1):
-	R: Reserved bit, set to 0;
[bookmark: _GoBack]-	Power Headroom i (PH i): This field indicates the power headroom level, where i is the srs-ResourceSetId index of the TRP. PH fields for a Serving Cell are included in ascending order based on i. The length of the field is 6 bits. The reported PH and the corresponding power headroom levels are shown in Table 6.1.3.8-1 below (the corresponding measured values in dB are specified in TS 38.133 [11]);

6.1.3.51	Enhanced Multiple Entry PHR for multiple TRP MAC CE
The Enhanced Multiple Entry PHR for multiple TRP MAC CE is identified by a MAC subheader with eLCID as specified in Table 6.2.1-2b.
Editor's note: This MAC CE may need to be updated to also include the reporting for serving cells using sTRP if this MAC CE is also used for such serving cells (since the reporting procedure is currently FFS, including whether to use this MAC CE for these serving cells or not).
It has a variable size, and includes the bitmaps, a Type 2 PH field and an octet containing the associated PCMAX,f,c field (if reported) for SpCell of the other MAC entity, a Type 1 PH field and an octet containing the associated PCMAX,f,c field (if reported) for the PCell. It further includes, in ascending order based on the ServCellIndex, one or multiple of Type X PH fields and octets containing the associated PCMAX,f,c fields (if reported) for Serving Cells other than PCell indicated in the bitmap for indicating the presence of PH(s). X is either 1 or 3 according to TS 38.213 [6] and TS 36.213 [17].
The presence of Type 2 PH field for SpCell of the other MAC entity is configured by phr-Type2OtherCell with value true.
A single octet bitmap is used for indicating the presence of PH(s) per Serving Cell when the highest ServCellIndex of Serving Cell with configured uplink is less than 8, otherwise four octets are used.
The MAC entity determines whether PH value for an activated Serving Cell is based on real transmission or a reference format by considering the configured grant(s) and downlink control information which has been received until and including the PDCCH occasion in which the first UL grant for a new transmission that can accommodate the MAC CE for PHR as a result of LCP as defined in clause 5.4.3.1 is received since a PHR has been triggered if the PHR MAC CE is reported on an uplink grant received on the PDCCH or until the first uplink symbol of PUSCH transmission minus PUSCH preparation time as defined in clause 7.7 of TS 38.213 [6] if the PHR MAC CE is reported on a configured grant.
For a band combination in which the UE does not support dynamic power sharing, the UE may omit the octets containing Power Headroom field and PCMAX,f,c field for Serving Cells in the other MAC entity except for the PCell in the other MAC entity and the reported values of Power Headroom and PCMAX,f,c for the PCell are up to UE implementation.
The two PHs together with two PCMAX,f,c for the Serving Cell configured with the multiple TRP PUSCH repetition feature is configured are reported if UEthe MAC entity is configured with twoPHRMode with the multiple TRP PUSCH repetition feature is configured.
The Enhanced Multiple Entry PHR for multiple TRP MAC CEs are defined as follows:
-	Ci: This field indicates the presence of a PH field(s) for the Serving Cell with ServCellIndex i as specified in TS 38.331 [5]. The Ci field set to 1 indicates that a PH field(s) for the Serving Cell with ServCellIndex i is reported. The Ci field set to 0 indicates that a PH field for the Serving Cell with ServCellIndex i is not reported;
-	Ni: This field indicates the number of PH fields for the Serving Cell with ServCellIndex i as specified in TS 38.331 [5]. The Ni field set to 1 indicates that two PH fields for the Serving Cell with ServCellIndex i are reported. The Ni field set to 0 indicates that one PH field for the Serving Cell with ServCellIndex i is reported;
-	R: Reserved bit, set to 0;
-	V: This field indicates if the PH value is based on a real transmission or a reference format. For Type 1 PH, the V field set to 0 indicates real transmission on PUSCH and the V field set to 1 indicates that a PUSCH reference format is used. For Type 2 PH, the V field set to 0 indicates real transmission on PUCCH and the V field set to 1 indicates that a PUCCH reference format is used. For Type 3 PH, the V field set to 0 indicates real transmission on SRS and the V field set to 1 indicates that an SRS reference format is used. Furthermore, for Type 1, Type 2, and Type 3 PH, the V field set to 0 indicates the presence of the octet containing the associated PCMAX,f,c field and the MPE field, and all of the V field(s) for the Serving Cell set to 1 indicates that the octet containing the associated PCMAX,f,c field and the MPE field is omitted;
-	Power Headroom i (PH i): This field indicates the power headroom level, where i is the srs-ResourceSetIdindex of the TRP. PH fields for a Serving Cell are included in ascending order based on i. The length of the field is 6 bits. The reported PH and the corresponding power headroom levels are shown in Table 6.1.3.8-1 (the corresponding measured values in dB for the NR Serving Cell are specified in TS 38.133 [11] while the corresponding measured values in dB for the E-UTRA Serving Cell are specified in TS 36.133 [12]);
 […]



Figure 6.1.3.51-1: Enhanced Multiple Entry PHR for multiple TRP MAC CE with the highest ServCellIndex of Serving Cell with configured uplink is less than 8



Figure 6.1.3.51-2: Enhanced Multiple Entry PHR for multiple TRP MAC CE with the highest ServCellIndex of Serving Cell with configured uplink is equal to or higher than 8
Editor's note: Above MAC CE formats would be the working assumption but it can be further updated or re-designed based on consensus from the companies with considering DC-case support.

[bookmark: _Toc37296205][bookmark: _Toc46490331][bookmark: _Toc52752026][bookmark: _Toc52796488][bookmark: _Toc100871998]5.4.6	Power Headroom Reporting
The Power Headroom reporting procedure is used to provide the serving gNB with the following information:
-	Type 1 power headroom: the difference between the nominal UE maximum transmit power and the estimated power for UL-SCH transmission per activated Serving Cell;
-	Type 2 power headroom: the difference between the nominal UE maximum transmit power and the estimated power for UL-SCH and PUCCH transmission on SpCell of the other MAC entity (i.e. E-UTRA MAC entity in EN-DC, NE-DC, and NGEN-DC cases);
-	Type 3 power headroom: the difference between the nominal UE maximum transmit power and the estimated power for SRS transmission per activated Serving Cell;
-	MPE P-MPR: the power backoff to meet the MPE FR2 requirements for a Serving Cell operating on FR2.
RRC controls Power Headroom reporting by configuring the following parameters:
-	phr-PeriodicTimer;
-	phr-ProhibitTimer;
-	phr-Tx-PowerFactorChange;
-	phr-Type2OtherCell;
-	phr-ModeOtherCG;
-	multiplePHR;
-	mpe-Reporting-FR2;
-	mpe-ProhibitTimer;
-	mpe-Threshold;
-	numberOfN;
-	mpe-ResourcePool;
-	twoPHRMode.
[…]
If the MAC entity has UL resources allocated for a new transmission the MAC entity shall:
1>	if it is the first UL resource allocated for a new transmission since the last MAC reset:
2>	start phr-PeriodicTimer.
1>	if the Power Headroom reporting procedure determines that at least one PHR has been triggered and not cancelled; and
1>	if the allocated UL resources can accommodate the MAC CE for PHR which the MAC entity is configured to transmit, plus its subheader, as a result of LCP as defined in clause 5.4.3.1:
2>	if multiplePHR with value true is configured:
3>	for each activated Serving Cell with configured uplink associated with any MAC entity of which the active DL BWP is not dormant BWP; and
3>	for each activated Serving Cell with configured uplink associated with E-UTRA MAC entity:
4>	if this MAC entity is configured with twoPHRMode and this Serving Cell is configured with multiple TRP PUSCH repetition feature:
5>	obtain two values of the Type 1 or Type 3 power headroom for the corresponding uplink carrier as specified in clause 7.7 of TS 38.213 [6] for NR Serving Cell;
4>	else:
45>	obtain the value of the Type 1 or Type 3 power headroom for the corresponding uplink carrier as specified in clause 7.7 of TS 38.213 [6] for NR Serving Cell and clause 5.1.1.2 of TS 36.213 [17] for E-UTRA Serving Cell;
4>	if this MAC entity has UL resources allocated for transmission on this Serving Cell; or
4>	if the other MAC entity, if configured, has UL resources allocated for transmission on this Serving Cell and phr-ModeOtherCG is set to real by upper layers:
5>	obtain the value for the corresponding PCMAX,f,c field from the physical layer.
5>	if mpe-Reporting-FR2 is configured and this Serving Cell operates on FR2 and this Serving Cell is associated to this MAC entity:
6>	obtain the value for the corresponding MPE field from the physical layer.
3>	if phr-Type2OtherCell with value true is configured:
4>	if the other MAC entity is E-UTRA MAC entity:
5>	obtain the value of the Type 2 power headroom for the SpCell of the other MAC entity (i.e. E-UTRA MAC entity);
5>	if phr-ModeOtherCG is set to real by upper layers:
6>	obtain the value for the corresponding PCMAX,f,c field for the SpCell of the other MAC entity (i.e. E-UTRA MAC entity) from the physical layer.
3>	instruct the Multiplexing and Assembly procedure to generate and transmit the Multiple Entry PHR MAC CE as defined in clause 6.1.3.9 or the Enhanced Multiple Entry PHR for multiple TRP MAC CE as defined in clause 6.1.3.51 based on the values reported by the physical layer.
2>	else (i.e. Single Entry PHR format is used):
3>	if this MAC entity is configured with twoPHRMode:
4>	obtain two values of the Type 1 power headroom from the physical layer for the corresponding uplink carrier of the PCell;
3>	else:
34>	obtain the value of the Type 1 power headroom from the physical layer for the corresponding uplink carrier of the PCell;
3>	obtain the value for the corresponding PCMAX,f,c field from the physical layer;
3>	if mpe-Reporting-FR2 is configured and this Serving Cell operates on FR2:
4>	obtain the value for the corresponding MPE field from the physical layer.
3>	instruct the Multiplexing and Assembly procedure to generate and transmit the Single Entry PHR MAC CE as defined in clause 6.1.3.8 or the Enhanced Single Entry PHR for multiple TRP MAC CE as defined in clause 6.1.3.50 based on the values reported by the physical layer.
2>	if this PHR report is an MPE P-MPR report:
3>	start or restart the mpe-ProhibitTimer;
3>	cancel triggered MPE P-MPR reporting for Serving Cells included in the PHR MAC CE.
2>	start or restart phr-PeriodicTimer;
2>	start or restart phr-ProhibitTimer;
2>	cancel all triggered PHR(s).
All triggered PHRs shall be cancelled when there is an ongoing SDT procedure as in clause 5.27 and the UL grant(s) can accommodate all pending data available for transmission but is not sufficient to additionally accommodate the PHR MAC CE plus its subheader.
Editor's NOTE: FFS how UE report the Enhanced PHR and how to capture it in the procedure text.
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