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1 Background
In [1] we proposed to report power-class fallback for serving cells and band combinations in single- and multi-entry PHRs, and that any power-class change, fallback or return to declared power class, should trigger an aperiodic PHR. This followed from an LS from RAN1 [2] informing RAN4 on agreements concerning enhancements to realize increasing UE power high limit for CA and DC. RAN4 did not agree on this proposal: whether PHR reporting should be considered for power-class backoff and whether to reply to RAN1 accordingly were therefore listed as open issues in the WF [3]. 
Enhancements discussed by RAN1 include methods for the network to predict the remaining energy for transmission, the overall goal for UE and gNB to have a better understanding of power/energy availability at the UE to facilitate more efficient UL CA operation according to [3]. The feasibility of this for scheduling to be further considered – a good start is to keep the network informed on the power class used by all UEs in a serving cell at each of their UL scheduled transmission occasions.
RAN4 was informed by RAN1 that [2]
RAN1 made the following agreement concerning enhancements to realize increasing UE power high limit for CA and DC.

	Agreements

For enhancements to realize increasing UE power high limit for CA and DC, RAN1 can study based on RAN4’s input
· Whether RAN1 enhancements to information exchange between UE and gNB are needed to improve scheduling and network performance when using higher power CA/DC.

· FFS how to realize such information exchange, e.g., signalling enhancement, and what is the spec impact.


While not excluding other enhancements, PHR reporting of the power class state and triggering would indeed help the gNB to “improve scheduling and network performance”, scheduling according to the power-class state without reporting misalignment and inaccuracy. Moreover, this would also circumvent some of the difficulties associated with duty-cycle reporting, the network is told when a power class is modified for SAR mitigation without limiting UE implementation to this end.
The current methods for SAR mitigation in FR1 for CA do not provide sufficient information for improving scheduling:
Observation 1: neither the duty-cycle reporting for CA nor the ‘P-MPR method’ provide sufficient information for improving scheduling. The averaging period for the duty cycle is unknown (SAR averaging is 6 minutes) while the P-MPR may also be used for other purposes such as proximity sensing and in case of “simultaneous transmissions on multiple RAT(s) for scenarios not in scope of 3GPP RAN specifications”. Hence the network is not aware about the power class applied nor when power-class changes occur. This leads to a misalignment between the actual power class and that assumed by the network for scheduling.
The Pcmax,f,c reported per serving cell in the periodic PHR includes the P-MPR if the P-bit is set and the ΔPPowerClass per cell but this cannot be distinguished from other power backoffs like MPR that also depend on the actual power class.
Support of the PC3 + PC2 for a band combination (BC) is enabled by the higher power limit as this power class cannot be indicated by the existing powerClass for the BC (missing value). However, the higherPowerLimit-r17 indication does not apply during power-class fallback for the BC: it only applies when ΔPPowerClass,CA = 0 dB is set, the ΔPPowerClass,CA relative to PPowerClass,CA indicated by powerClass (PC3 if absent). We make the following
Observation 2: the higherPowerLimit-r17 indication does not apply during power-class fallback for a band combination. If used with the P-MPR method then the network can only assume that the UE operates according to this higher power limit without power prioritization regardless of UL duty cycle. The P-MPRc is used for multiple purposes.
The total power of the band combination at which the UE starts prioritizing the transmissions is not supposed to be changed when maxUplinkDutyCycle-interBandCA-PC2-r17 is absent: “[...] If the field is absent, UE shall work on power class 2 regardless of UL duty cycle and may use P-MPRc as defined in 6.2.4 in TS 38101-1[2] if necessary.” according to 38.306. This supposedly implies that ΔPPowerClass,CA = 0 dB for the configured total power PCMAX when the said duty-cycle capability for the BC is absent.
We therefore propose
Proposal 1: power-class fallback reporting in the PHR with aperiodic PHR triggering specified in the earliest release possible for improved sheduling and network performance. This would help the gNB to improve scheduling according to the actual UE power-class state without reporting misalignment and inaccuracy.

and inform RAN1 (copy RAN2), a draft Reply LS is attached.
2 Power-class fallback for non-CA
Power-class fallback reporting is also useful for non-CA. This is not related to the higher power limit for CA and DC as such, but in scope of the general objective of the work item.

The fallback is based on the duty cycle, either the U/D config or duty-cycle reporting, but he network not aware of the averaging window used and therefore not the actual power-class state or when changes occur.

The reported duty-cycle for TDD PC2 the range of reporting

    maxUplinkDutyCycle-PC2-FR1                  ENUMERATED {n60, n70, n80, n90, n100}   OPTIONAL

is > 50% which greater than most common U/D configurations used and PC fallback is possibly less likely but for PC1.5

    maxUplinkDutyCycle-PC1dot5-MPE-FR1-r16    ENUMERATED {n10, n15, n20, n25, n30, n40, n50, n60, n70, n80, n90, n100}   OPTIONAL,

reported for duty cycles less than most common U/D configurations, PC fallback may be common.

FDD PC2 was supposed to be supported without to use the duty-cycle reporting and associated power class fallback, but this is not precluded by the specification, from clause 6.2.4 for the Pcmax,f,c 


ΔPPowerClass =

-
3 dB for a power class 2 capable UE or 6 dB for a power class 1.5 UE when P-max of 23 dBm or lower is indicated; or when the field of UE capability maxUplinkDutyCycle-PC2-FR1 is absent and the field of UE capability maxUplinkDutyCycle-PC1dot5-MPE-FR1 is absent and the percentage of uplink symbols transmitted in a certain evaluation period is larger than 50%; or when the field of UE capability maxUplinkDutyCycle-PC2-FR1 is not absent and the percentage of uplink symbols transmitted in a certain evaluation period is larger than maxUplinkDutyCycle-PC2-FR1 as defined in TS 38.306 (The exact evaluation period is no less than one radio frame); or when the field of UE capability maxUplinkDutyCycle-PC1dot5-MPE-FR1 is not absent and half the percentage of uplink symbols transmitted in a certain evaluation period is larger than maxUplinkDutyCycle-PC1dot5-MPE-FR1 as defined in TS 38.306 (The exact evaluation period is no less than one radio frame). 

and the FDD-TDD DIFF is ‘N/A’ for all duty-cycle reporting in the UE capability specication. 
Observation 3: FDD PC2 capable UE can also set ΔPPowerClass and report the maxUplinkDutyCycle-PC2-FR1, if absent the ΔPPowerClass = 3 dB applies when the percentage of uplink symbols transmitted in a certain evaluation period is larger than 50%.
The problem with the averaging length for SAR mitigation still the same, but this is of lesser concern if the power-class fallback ΔPPowerClass for a serving cell is reported in the single-entry PHR any power-class change, fallback or return to declared power class, triggers an aperiodic PHR.
3 Serving-cell and band-combination PC fallback reporting in the PHR 

Spare bits in the PHR can be used for power-class fallback reporting when configured by the network. A single-entry PHR is configured for non-CA and multi-entry PHR when the UE is configured with a BC. The latter also contains spare bits for indicating power class fallback for the BC.

Triggering an aperiodic PHR can be made by reusing the trigger mechanism for PL changes in 38.321:

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 RS used as pathloss reference for one activated Serving Cell of any MAC entity of which the active DL BWP is not dormant BWP since the last transmission of a PHR in this MAC entity when the MAC entity has UL resources for new transmission;
triggered by either a power class fallback per cell or for the BC.

The serving cell PCMAX,f,c and the P-bit should apply without changes (no modified behaviour).
a. The reporting and triggering should be configured by “power-class-fallback-reporting-FR1”
For the single-entry PHR MAC-CE for non-CA, there are three spare bits available for fallback reporting when configured. The fallback report is relative to the advertised ue-PowerClass for the NR band (or the ue-PowerClassPerBandPerBC-r17 if present when the UE is configured with CA). The ΔPPowerClass for the serving cell is reported, the “DPC” field below that can take up to four values, 3 dB and so on, including ΔPPowerClass = 0 dB (no fallback).
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b. For CA a multi-entry report is configured by the gNB
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Figure 6.1.3.9-1: Multiple Entry PHR MAC CE with the highest ServCellindex of Serving Cell with
configured uplink is less than 8





The fallbacks per serving cell (power-class state) is reported per cell included in the report. The reserved 8th bit of the first octet replaced by “DPC”, possibly combined with one bit of the bits per cell, can be used to report the BC fallback w r t the indicated power class per band combination (powerClass). It might be sufficient to report a 3 dB fallback for band combinations assuming the existing power classes, one bit sufficient for the total power of the BC is capped by the BC power class or the sum of the power classes for the serving cells including any fallback.
c. When a power class fallback occurs a PHR is triggered similarly to that for the path loss, triggered by either a power class fallback per cell (ΔPPowerClass) or for the BC (ΔPPowerClass,CA):
A Power Headroom Report (PHR) shall be triggered if any of the following events occur:

1> -
phr-ProhibitTimer expires or has expired and the path loss has changed more than phr-Tx-PowerFactorChange dB for at least one RS used as pathloss reference for one activated Serving Cell of any MAC entity of which the active DL BWP is not dormant BWP since the last transmission of a PHR in this MAC entity when the MAC entity has UL resources for new transmission;
2> -
phr-ProhibitTimer expires or has expired and the power class has changed by at least phr-Tx-BandPowerClassChange dB for at least one activated Serving Cell of any MAC entity of which the active UL BWP is not dormant BWP since the last transmission of a PHR in this MAC entity when the MAC entity has UL resources for new transmission;
3> -
phr-ProhibitTimer expires or has expired and the power class has changed by at least phr-Tx-PowerClassChange dB for a configured band combiantion with at least one activated Serving Cell of any MAC entity of which active UL BWPs are not dormant BWP since the last transmission of a PHR in this MAC entity when the MAC entity has UL resources for new transmission;
A threshold for reporting phr-Tx-PowerClassChange (ΔPPowerClass ≥ 3 dB) should also be defined and a specific prohibit timer if needed.

We propose that 
Proposal 2: report power-class fallback ΔPPowerClass in the PHR per serving cell, any power-class change, fallback or return to declared power class, should trigger an aperiodic PHR. This also includes FDD PC2. 
Proposal 3: report power-class fallback ΔPPowerClass,CA in the multi-entry PHR for the BC; any BC power-class change, fallback or return to advertised BC power class, should also trigger an aperiodic PHR.

and similarly, for EN-DC:
Proposal 4: for EN-DC report power-class fallback ΔPPowerClass,EN-DC in the multi-entry PHR for the BC.
Support of the power-class fallback reporting would be optional but would indeed improve scheduling and network performance with HPUE operation if supported.

Regarding RAN4 inputs on RAN1 enhancements to information exchange between UE and gNB when using higher power CA/DC, RAN4 should 
Proposal 5: send a reply LS to inform RAN1 on the possibility of reporting power-class fallback in the PHR and triggering of aperiodic PHR, which can improve scheduling according to the power-class state without misalignment while not precluding other improvements by RAN1. 
and copy RAN2. A draft LS is attached.
4 Proposal 

We observe that the current methods for SAR mitigation in FR1 for CA do not provide sufficient information for improving scheduling:

Observation 1: neither the duty-cycle reporting for CA nor the ‘P-MPR method’ provide sufficient information for improving scheduling. The averaging period for the duty cycle is unknown (SAR averaging is 6 minutes) while the P-MPR may also be used for other purposes such as proximity sensing and in case of “simultaneous transmissions on multiple RAT(s) for scenarios not in scope of 3GPP RAN specifications”. Hence the network is not aware about the power class applied nor when power-class changes occur. This leads to a misalignment between the actual power class and that assumed by the network for scheduling.
Observation 2: the higherPowerLimit-r17 indication does not apply during power-class fallback for a band combination. If used with the P-MPR method then the network can only assume that the UE operates according to this higher power limit without power prioritization regardless of UL duty cycle. The P-MPRc is used for multiple purposes.
This is circumvented by

Proposal 1: power-class fallback reporting in the PHR with aperiodic PHR triggering specified in the earliest release possible for improved sheduling and network performance. This would help the gNB to improve scheduling according to the actual UE power-class state without reporting misalignment and inaccuracy.
Observation 3: FDD PC2 capable UE can also set ΔPPowerClass and report the maxUplinkDutyCycle-PC2-FR1, if absent the ΔPPowerClass = 3 dB applies when the percentage of uplink symbols transmitted in a certain evaluation period is larger than 50%.

We therefore propose that 
Proposal 2: report power-class fallback ΔPPowerClass in the PHR per serving cell, any power-class change, fallback or return to declared power class, should trigger an aperiodic PHR. This also includes FDD PC2. 

Proposal 3: report power-class fallback ΔPPowerClass,CA in the multi-entry PHR for the BC; any BC power-class change, fallback or return to advertised BC power class, should also trigger an aperiodic PHR.

and similarly, for EN-DC:
Proposal 4: for EN-DC report power-class fallback ΔPPowerClass,EN-DC in the multi-entry PHR for the BC.
Support of the power-class fallback reporting would be optional but would indeed improve scheduling and network performance with HPUE operation if supported.

RAN4 should also 

Proposal 5: send a reply LS to inform RAN1 on the possibility of reporting power-class fallback in the PHR and triggering of aperiodic PHR, which can improve scheduling according to the power-class state without misalignment while not precluding other improvements by RAN1. 

and copy RAN2. A draft LS is attached.
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1. Overall Description:
RAN4 would like to thank RAN1 for the information on the agreement concerning enhancements to realize increasing UE power high limit for CA and DC.
Regarding information exchange between the UE and gNB needed to improve scheduling and network performance, RAN4 is considering reporting power-class fallback for serving cells and band combinations in single- and multi-entry PHRs for FR1, and that any power-class change, fallback or return to declared power class, should trigger an aperiodic PHR. This would be similar to MPE reporting for FR2 and the trigger mechanism similar to that for a path-loss change but with the power-class fallback change for a serving cell or band combination as a trigger level. This would help the gNB to improve scheduling by knowing when the available power changes in the UE and the actual UE power-class state for a given transmission occasion.
Whether this reporting is also beneficial as starting point for any further enhancements on information exchange considered by RAN1 merits further investigation.
2. Actions:

To RAN1 group.

ACTION: RAN4 asks RAN1 to consider the proposed PHR reporting and whether this is also beneficial for the enhancements considered by RAN1.
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