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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN2#110e, the following agreement referred to PHR in NR is achieved:
[052] New PHR trigger is supported due to BWP switching from dormancy to non-dormancy and the corresponding text is included in MAC CR. 
· Can also consider how to avoid redundant and frequent PHR reporting.
This contribution discusses the redundant and frequent PHR reporting issue in NR, and how to solve the problem.
2. Discussion
· PHR content:
From the following procedure in 38.321 running CR [1], when at least one PHR has been triggered and not cancelled, and if multiplePHR with value true is configured, the PH value of each activated serving cells which the active DL BWP is not the dormant BWP will be included in the PHR report, which is aligned with LTE.
Observation1: in NR, when at least one PHR has been triggered and not cancelled, and if multiplePHR with value true is configured, the PH value of each activated serving cells which the active DL BWP is not the dormant BWP will be included in the PHR report, which is aligned with LTE.
	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:
4>	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];
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.
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 based on the values reported by the physical layer.
2>	else (i.e. Single Entry PHR format is used):
3>	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>	instruct the Multiplexing and Assembly procedure to generate and transmit the Single Entry PHR MAC CE as defined in clause 6.1.3.8 based on the values reported by the physical layer.
2>	start or restart phr-PeriodicTimer;
2>	start or restart phr-ProhibitTimer;
2>	cancel all triggered PHR(s).


· PHR trigger:
There are some PHR trigger conditions in LTE and NR are the same, while this paper only focuses on the differences between LTE and NR. In LTE [2], the PHR will be triggered if activation of an SCell occurs. And PHR trigger conditions in NR 38.321 running CR [1] are shown in the below text, from which we can see that the PHR will be triggered if activation an SCell which firstActiveDownlinkBWP-Id is not set to dormant BWP occurs, or change of activated BWP from dormant BWP to non-dormant DL BWP of an SCell occurs. 
Observation2: in NR, upon activation an SCell which firstActiveDownlinkBWP-Id is not set to dormant BWP, or upon change of activated BWP from dormant BWP to non-dormant DL BWP of an SCell, the PHR will be triggered. In LTE, upon activation of an SCell, the PHR will be triggered. 
	A Power Headroom Report (PHR) shall be triggered if any of the following events occur:
-	phr-ProhibitTimer expires or has expired and the path loss has changed more than phr-Tx-PowerFactorChange dB for 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;
NOTE 1:	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.
-	phr-PeriodicTimer expires;
-	upon configuration or reconfiguration of the power headroom reporting functionality by upper layers, which is not used to disable the function;
-	activation of an SCell of any MAC entity with configured uplink of which firstActiveDownlinkBWP-Id is not set to dormant BWP;
-	addition of the PSCell (i.e. PSCell is newly added or changed);
-	phr-ProhibitTimer expires or has expired, when the MAC entity has UL resources for new transmission, and the following is true for any of the activated Serving Cells of any MAC entity with configured uplink:
-	there are UL resources allocated for transmission or there is a PUCCH transmission on this cell, and the required power backoff due to power management (as allowed by P-MPRc as specified in TS 38.101-1 [14], TS 38.101-2 [15], and TS 38.101-3 [16]) for this cell has changed more than phr-Tx-PowerFactorChange dB since the last transmission of a PHR when the MAC entity had UL resources allocated for transmission or PUCCH transmission on this cell.
-	Upon change of activated BWP from dormant BWP to non-dormant DL BWP of an SCell of any MAC entity with configured uplink.
NOTE 2:	The MAC entity should avoid triggering a PHR when the required power backoff due to power management decreases only temporarily (e.g. for up to a few tens of milliseconds) and it should avoid reflecting such temporary decrease in the values of PCMAX,f,c/PH when a PHR is triggered by other triggering conditions.
NOTE 3:	If a HARQ process is configured with cg-RetransmissionTimer and if the PHR is already included in a MAC PDU for transmission by this HARQ process, but not yet transmitted by lower layers, it is up to UE implementation how to handle the PHR content.


When the UE traffic grows rapidly, the network may intend setting most of SCells to be activated with non-dormant BWP for quickly starting scheduling. To achieve it, the network can simultaneously activate all SCells by sending the MAC CE to the UE in LTE, however, in NR, the network may need to send A/D MAC CE and DCI to the UE depending on the current behavior of the SCells and whether the firstActiveDownlinkBWP-Id is set to dormant BWP. For example:
· Network may send an A/D MAC CE to activate several SCells from deactivated (including the SCells which the firstActiveDownlinkBWP-Id is set to dormant BWP), and subsequently send the DCI to switch the active BWP of the SCells from dormant BWP to non-dormant BWP if the active BWP of these SCells are dormant BWP. 
· Network may send an A/D MAC CE to activate several SCells from deactivated (the SCells which the firstActiveDownlinkBWP-Id is not set to dormant BWP), and send the DCI to switch the active BWP of the other SCells from dormant BWP to non-dormant BWP, independently. 
However, the above MAC CE and DCI in NR case may be not received by the UE simultaneously. UE does not know whether there will be a DCI to indication the BWP switching subsequently when it has received the MAC CE, and vice versa. Thus, the PHR will be triggered frequently in a short period of time and the virtually unchanged PH value of the SCells will be included in the PHR content, which is redundant. Although the MAC CE and DCI is received by the UE simultaneously, it is still difficult for the UE to only trigger one PHR since it is performed by different layers. 
Observation 3: different with LTE, when network intends to set most of SCells to be activated with non-dormant BWP in a short period of time, PHR may be more triggered frequently since both the DCI based dormant/non-dormant BWP transition and MAC CE based state transition are involved in NR.
Moreover, the DCI based dormant/non-dormant BWP transition may be more frequent than MAC CE based state transition, for adaptation to the short-term traffic variations to save UE power consumption. A/D MAC CE based SCell state transition may be used much less frequently and only on a much large time scale due to higher latency. Thus, the PHR may be more frequently triggered in NR than in LTE. 
Observation 4: PHR may be more frequently triggered in NR than in LTE, since DCI based dormant/non-dormant BWP transition may be more frequent than MAC CE based state transition.
Given the above observations, we believe the redundant and frequent PHR reporting exists in NR and should be constrained by applying the existing PHR prohibit timer ProhibitTimer on the new PHR trigger condition that “change of activated BWP from dormant BWP to non-dormant DL BWP of an SCell of any MAC entity with configured uplink”, e.g., PHR can be triggered if phr-ProhibitTimer expires and if change of activated BWP from dormant BWP to non-dormant DL BWP of an SCell of any MAC entity with configured uplink occurs.
Proposal 1: phr-ProhibitTimer should be applied to avoid the redundant and frequent PHR reporting in NR.
Proposal 2: PHR can be triggered if phr-ProhibitTimer expires and if change of activated BWP from dormant BWP to non-dormant DL BWP of an SCell of any MAC entity with configured uplink occues.
Proposal 3: to agree the attached TP.
3. Conclusion
In this contribution, we have discussed the redundant and frequent PHR reporting issue, and made the following observations and proposals:
Observation1: in NR, when at least one PHR has been triggered and not cancelled, and if multiplePHR with value true is configured, the PH value of each activated serving cells which the active DL BWP is not the dormant BWP will be included in the PHR report, which is aligned with LTE.
Observation2: in NR, upon activation an SCell which firstActiveDownlinkBWP-Id is not set to dormant BWP, or upon change of activated BWP from dormant BWP to non-dormant DL BWP of an SCell, the PHR will be triggered. In LTE, upon activation of an SCell, the PHR will be triggered. 
Observation 3: different with LTE, when network intends to set most of SCells to be activated with non-dormant BWP in a short period of time, PHR may be more triggered frequently since both the DCI based dormant/non-dormant BWP transition and MAC CE based state transition are involved in NR.
Observation 4: PHR may be more frequently triggered in NR than in LTE, since DCI based dormant/non-dormant BWP transition may be more frequent than MAC CE based state transition.
Proposal 1: phr-ProhibitTimer should be applied to avoid the redundant and frequent PHR reporting in NR.
Proposal 2: PHR can be triggered if phr-ProhibitTimer expires and if change of activated BWP from dormant BWP to non-dormant DL BWP of an SCell of any MAC entity with configured uplink occurs.
Proposal 3: to agree the attached TP.
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[bookmark: _Toc46490331]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.
RRC controls Power Headroom reporting by configuring the following parameters:
-	phr-PeriodicTimer;
-	phr-ProhibitTimer;
-	phr-Tx-PowerFactorChange;
-	phr-Type2OtherCell;
-	phr-ModeOtherCG;
-	multiplePHR.
A Power Headroom Report (PHR) shall be triggered if any of the following events occur:
-	phr-ProhibitTimer expires or has expired and the path loss has changed more than phr-Tx-PowerFactorChange dB for 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;
NOTE 1:	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 [5].
-	phr-PeriodicTimer expires;
-	upon configuration or reconfiguration of the power headroom reporting functionality by upper layers, which is not used to disable the function;
-	activation of an SCell of any MAC entity with configured uplink of which firstActiveDownlinkBWP-Id is not set to dormant BWP;
-	addition of the PSCell (i.e. PSCell is newly added or changed);
-	phr-ProhibitTimer expires or has expired, when the MAC entity has UL resources for new transmission, and the following is true for any of the activated Serving Cells of any MAC entity with configured uplink:
-	there are UL resources allocated for transmission or there is a PUCCH transmission on this cell, and the required power backoff due to power management (as allowed by P-MPRc as specified in TS 38.101-1 [14], TS 38.101-2 [15], and TS 38.101-3 [16]) for this cell has changed more than phr-Tx-PowerFactorChange dB since the last transmission of a PHR when the MAC entity had UL resources allocated for transmission or PUCCH transmission on this cell.
-	phr-ProhibitTimer expires or has expired and whenUpon change of activated BWP from dormant BWP to non-dormant DL BWP of an SCell of any MAC entity with configured uplink.
NOTE 2:	The MAC entity should avoid triggering a PHR when the required power backoff due to power management decreases only temporarily (e.g. for up to a few tens of milliseconds) and it should avoid reflecting such temporary decrease in the values of PCMAX,f,c/PH when a PHR is triggered by other triggering conditions.
NOTE 3:	If a HARQ process is configured with cg-RetransmissionTimer and if the PHR is already included in a MAC PDU for transmission by this HARQ process, but not yet transmitted by lower layers, it is up to UE implementation how to handle the PHR content.
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:
4>	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.
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 based on the values reported by the physical layer.
2>	else (i.e. Single Entry PHR format is used):
3>	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>	instruct the Multiplexing and Assembly procedure to generate and transmit the Single Entry PHR MAC CE as defined in clause 6.1.3.8 based on the values reported by the physical layer.
2>	start or restart phr-PeriodicTimer;
2>	start or restart phr-ProhibitTimer;
2>	cancel all triggered PHR(s).
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