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1 Background
In this contribution we propose to report power-class fallback ΔPPowerClass in the PHR per serving cell, and the corresponding for the band combination when configured. Furthermore, a power-class fallback or return to the advertised should trigger an aperiodic PHR similar to the event at which the DL path loss has changed more than phr-Tx-PowerFactorChange dB. This would give the network information on the actual ‘power-class state’ of the UE, inform the network when changes occur and thus improve scheduling and network performance. 
Power-class fallback for facilitating SAR compliance (or UE heat management) is allowed
1. for non-CA when the UL duty-cycle capability or a default value is exceeded

2. for a band combination (BC) when a weighed total duty cycle is exceeded if the corresponding total duty-cycle capability is present

Power-class fallback is not specified

3. for an inter-band combination when the inter-band duty cycle capability is absent, then the “P-MPR metod” is allowed on the serving cells (not the total power)

4. for FDD PC2, then only the P-MPR method is available.
The general problem with duty-cycle reporting is that the network is not aware of the averaging period used by the UE, and for a band combination the average total power is also dependent of the actual relative power difference between the uplink serving cells, periodic PH reports are normally not available per frame. The Pcmax,f,c reported per serving cell in the PHR includes the ΔPPowerClass but this cannot be distinguished from other power backoff like MPR that may also depend on the actual power class. Hence the network may not be aware about the actual power class applied nor when power-class changes occur. The latter leads to a misalignment between the actual power class and that assumed by the network for scheduling.
The P-MPR method is blind for the network, not aware if a P-MPR applied due to a proximity sensor (the original intention) or for reducing the average power to facilitate SAR compliance. The power class state is unknown, the total power of the band combination at which the UE starts prioritizing the transmissions unchanged.
RAN1 is discussing various methods for the network to predict the remaining energy for transmission [1] in addition to the duty-cycle reporting. However, predicting the power behaviour for upcoming uplink frames is challenging without knowledge of the most recent power-class state of the UE. Reporting the P-MPR value with 3 dB granularity also for FR1 is also discussed by RAN1, but of limited value for network estimation of the average power for SAR compliance as explained above. The P-MPR reporting granularity for FR2 is as large as the ΔPPowerClass.
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.
In addition to the power-class fallback we also propose that the FDD PC2 is also endowed with a default duty-cycle threshold allowing a ΔPPowerClass if this is reported in the PHR. The item 3 listed above should also include a reported ΔPPowerClass, CA in case fallback is applied.
Power class fallback reporting in the PHR with aperiodic PHR triggering should be specified in the earliest release possible for improved sheduling and network performance. 
2 Non-CA PC fallback
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, the 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 is not associated with duty cycle reporting, fallback may nevertheless occur by the unpredictable P-MPR method.
A. The non-CA case:
For the non-CA case, clause 6.2.1 in 38.101-1 specifies that
If a UE supports a different power class than the default UE power class for the band and the supported power class enables the higher maximum output power than that of the default power class:

-
if 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% (The exact evaluation period is no less than one radio frame); or

-
if 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

-
if 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); or

-
if the IE P-Max as defined in TS 38.331 [7] is provided and set to the maximum output power of the default power class or lower;

-
shall apply all requirements for the default power class to the supported power class and set the configured transmitted power as specified in clause 6.2.4;

-
else if the UE does not support a power class with higher maximum output power than PC2; or

-
if 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 25% (The exact evaluation period is no less than one radio frame); or

-
if 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 0.5*maxUplinkDutyCycle-PC2-FR1 (The exact evaluation period is no less than one radio frame); or

-
if the field of UE capability maxUplinkDutyCycle-PC1dot5-MPE-FR1 is not absent and 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); or

-
if the IE P-Max as defined in TS 38.331 [7] is provided and set to the maximum output power of the power class 2 or lower;

-
shall apply all requirements for power class 2 to the supported power class and set the configured transmitted power as specified in clause 6.2.4;

-
else shall apply all requirements for the supported power class and set the configured transmitted power as specified in clause 6.2.4.
and in the clause 6.2.4 for the Pcmax,f,c that

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). 

-
3 dB for a power class 1.5 capable UE when P-max of between 23 dBm and 26 dB 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 between 25% and 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 between maxUplinkDutyCycle-PC2-FR1 and maxUplinkDutyCycle-PC2-FR1/2 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 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).
-
3dB when the UE is configured with SUL configurations and the requirements of default power class are applied as specified in sub-clause 6.2C.1 on the band where UE indicates power class 2; 
The network is not aware of the evaluation period and is not informed explicitly about the fallback ΔPPowerClass, this has to be estimated/predicted blindly. The ΔPPowerClass, is included in the reported Pcmax,f,c but cannot be distinguished from any other power reduction like MPR, A-MPR or P-MPR.
Proposal 1: 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 (same as for a DL path-loss change)
The network would be aware of the power-class state and is notified when changes occur, which can be used for scheduling, alignment between the actual power class and that assumed by the network for scheduling
B. FDD PC2:
FDD relies completely on the proprietary “P-MPR method” for any fallback, there is no application of the ΔPPowerClass. One possible change is
· 3 dB for a power class 2 capable UE operating in a FDD band when P-max of 23 dBm or lower is indicated; or the percentage of uplink symbols transmitted in a [certain evaluation] period is larger than 50%;
The unknown evaluation period is not optimal, but could be accepted if the gNB is informed about the changes of the power class:
Proposal 2: report power-class fallback ΔPPowerClass in the PHR and power class changes also for FDD HPUE, and amend the specification to allow ΔPPowerClass = 3 dB for FDD PC2 conditioned on the actual UL duty cycle (using a default 50% threshold without duty-cycle capability)
C. DL CA (non-CA in the UL):
Some HPUE UE also downgrade the UL power compared to the band capability PPowerClass (ue-PowerClass) when configured with DL CA. This is not preferred, but may nevertheless occur due to e.g. limited cross-band isolation and in the absence of RAN4 requirements. This could also be reported as a power class fallback for the band combination.
3 Band combination PC fallback
For UL CA the fallback rules per serving cell discussed above also apply, ΔPPowerClass set in accordance with the requirement per serving cell c. This limits the maximum output power per serving cell in relation to the advertised power class per band PPowerClass, a power-class fallback
For the BC, there may be power class fallback ΔPPowerClass,CA, then the UE start prioritizing the total UL power at a lower total power. 
A. UL CA
For the inter-band BC power class, clause 6.2A.1.3 specifies that
If a UE supports a different power class than the default UE power class for the band combination listed in Table 6.2A.1.3-1 and the supported power class enables the higher maximum output power than that of the default power class:

–
if the field of UE capability maxUplinkDutyCycle-interBandCA-PC2 is not absent and the average percentage of uplink symbols transmitted in a certain evaluation period is larger than maxUplinkDutyCycle-interBandCA-PC2 as defined in TS 38.331 (The exact evaluation period is no less than one radio frame); or

–
if the IE P-Max as defined in TS 38.331 [7] is provided and set to the maximum output power of the default power class or lower;

–
shall apply all requirements for the default power class to the supported power class and set the configured transmitted power as specified in clause 6.2A.4;
–
else;
–
shall apply all requirements for the supported power class and set the configured transmitted power as specified in clause 6.2A.4 (regardless of the average percentage of uplink symbols if the field of UE capability maxUplinkDutyCycle-interBandCA-PC2 is absent).
The average percentage of uplink symbols is defined as 50% ( ( DutyNR, x /maxDutyNR,x + DutyNR, y /maxDutyNR,y, ). DutyNR, x, DutyNR, y represent the actual percentage of uplink symbols transmitted in the same evaluation period (The exact evaluation period is no less than one radio frame) for NR Band x, NR Band y respectively; maxDutyNR,x, maxDutyNR,y represent the field of UE capability maxUplinkDutyCycle-PC2-FR1 per band as defined in TS 38.331.  For NR Band x or NR Band y, 
–
if power class of one or both of the bands within the band combination is power class 2 and the corresponding UE capability maxUplinkDutyCycle-PC2-FR1 is absent;
–
the corresponding maxDutyNR,x or maxDutyNR,y is equal to 50%;
–
else if the band is configured with power class 3;
–
the corresponding maxDutyNR,x or maxDutyNR,y is equal to 100%.
and the 6.2A.4 for the configured total power (PCMAX for the BC), for intra-band UL CA
-
ΔPPowerClass,CA = 3 dB for a power class 2 capable UE when 10 log10 ∑ pEMAX,c of 23 dBm or lower is indicated; or when PEMAX,CA  of 23dBm or lower is indicated; or when the field of UE capability maxUplinkDutyCycle-PC2-FR1 is absent and the percentage of total uplink symbols transmitted on all UL CCs 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 total uplink symbols transmitted in a certain evaluation period is larger than maxUplinkDutyCycle-PC2-FR1 as defined in TS 38.331 (The exact evaluation period is no less than one radio frame); otherwise ΔPPowerClass,CA = 0 dB;
the corresponding for the inter-band PCMAX in 6.2A.4.1.3

PPowerClass,CA is the maximum UE power specified in Table 6.2A.1.3-1 without taking into account the tolerance specified in the Table 6.2A.1.3-1; If the UE indicates [HigherPowerLimitCADC] for an eligible CA configuration as specified in Table 6.2A.1.3-1 and ΔPPowerClass, CA = 0, PPowerClass,CA is replaced by 10 log10 ∑ pPowerClass,c.
-
pPowerClass,c is the linear value of the maximum UE power for serving cell c specified in Table 6.2.1-1 according to [powerClassPerBand] if indicated or ue-PowerClass otherwise without taking into account the tolerance; 
-
ΔPPowerClass,CA = 3 dB for a power class 2 capable UE when the requirements of default power class are applied as specified in sub-clause 6.2.A.1.3; otherwise ΔPPowerClass, CA = 0 dB;  

If maxUplinkDutyCycle-interBandCA-PC2 is absent then there is no fallback, the ‘P-MPR method’ can be used:
	maxUplinkDutyCycle-interBandCA-PC2-r17

Indicates the maximum average percentage of symbols during a certain evaluation period that can be scheduled for uplink transmission so as to ensure compliance with applicable electromagnetic energy absorption requirements provided by regulatory bodies. The average percentage of uplink symbols is specified in 6.2A.1.3 in TS 38101-1[2] and the capability applies to the CA combinations listed in table 6.2A.1.3-1 in TS 38101-1[2]. 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.
Value n50 corresponds to 50%, value n60 corresponds to 60% and so on.

NOTE:
Specific targeted UL duty cycle percentage is not assumed if the field is absent.
	BC
	No
	N/A
	FR1 only


Hence the network has no information about the BC power class fallback if the maxUplinkDutyCycle-interBandCA-PC2-r17 is absent notwithstanding the issues of predicting averaging period used internally by the UE when this duty-cycle capability is present
The network is not aware if application of P-MPR on a serving cell is due to proximity sensing or if this is for reducing the average total power due to excessive duty-cycles on the active serving cells. 
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.

Presumably. this means that the network can assume that the UE will never scale the power. However, the serving cell power would be reduced by P-MPR by the “P-MPR method”.
Observation 1: for UL CA and in the absence of the capability maxUplinkDutyCycle-interBandCA-PC2-r17, the network is not aware of any BC power class fallback (power prioritization), P-MPR is not only applied for reducing the average power due to excessive duty cycles.
The ΔPPowerClass,CA should apply also in this case when the BC power class is reduced due to excessive duty cycles and weighted with the power levels on the serving cells. The duty cycles of the serving cells are not the only factors determining the average total UE output power: 

Observation 2: the average total UE output power for a band combination does not only depend on the duty cycle, the instantaneous power levels on each serving cells must also be accounted for.

Therefore, we propose that

Proposal 3: report power-class fallback ΔPPowerClass,CA in the PHR for the BC (multi-entry report); any BC power-class change, fallback or return to advertised BC power class, should also trigger an aperiodic PHR.
The UE should inform the network when the BC power class fallback occurs, an impossible task for the network based on the duty cycles alone.

B. EN-DC
· For EN-DC there are similar issues, even if the fixed configurations facilitate slightly network estimation of the actual power-class state of the UE. Clause 6.2B.4 of 38-101-3 specifies for intra-band EN-DC that
· ΔPPowerClass,EN-DC is 3 dB for a power class 2 capable EN-DC UE when  LTE UL/DL configuration is 0 or 6; or LTE UL/DL configuration is 1 and special subframe configuration is 0 or 5; ΔPPowerClass,EN-DC = 3 dB when the IE p-maxUE-FR1 as defined in TS 36.331 [4] is provided and set to the maximum output power of the default power class or lower; ΔPPowerClass,EN-DC is 6 dB for a power class 1.5 capable EN-DC UE when the LTE UL duty cycle is greater than max(50%, maxUplinkDutyCycle-PC2-FR1); ΔPPowerClass,EN-DC is 3 dB for a power class 1.5 capable EN-DC UE when the LTE UL duty cycle is between max(50%,maxUplinkDutyCycle-PC2-FR1) and max(25%,0.5*maxUplinkDutyCycle-PC2-FR1); otherwise ΔPPowerClass,EN-DC = 0 dB; The IE maxUplinkDutyCycle-PC2-FR1 is defined in TS 38.331 [9].

whereas for inter-band EN-DC
· PPowerClass, EN-DC is defined in clause 6.2B.1.3 for inter-band EN-DC; if the UE indicates [HigherPowerLimitCADC] and ΔPPowerClass,EN-DC = 0, PPowerClass,EN-DC is replaced by the sum of the linear powers of PPowerClass,NR and PPowerClass,E-UTRA converted to dB;  

· ∆PPowerClass,EN-DC = 3 dB for a power class 2 capable EN-DC UE when requirements of default power class had been applied as specified in sub-clause 6.2B.1; otherwise ∆PPowerClass,EN-DC = 0 dB;

· PPowerClass,NR is the nominal UE power of the power class that the UE supports for the NR band of the EN-DC combination as defined in clause 6.2.1 of 38.101-1 [2]; in case IE [powerClassNRPart] as defined in TS 38.331 [9] is indicated, PPowerClass,NR should use that value instead;

· ΔPPowerClass,NR is 3 dB or 0 dB according to clause 6.2.4 of TS 38.101-1 [2] for a UE that supports power class 2 in the NR band of the EN-DC combination as defined in clause 6.2.1 of TS 38.101-1 [2];
· PPowerClass,E-UTRA is the nominal UE power of the power class that the UE supports for the E-UTRA band of the EN-DC combination as defined in clause 6.2.2 of 36.101 [4];

· ΔPPowerClass,E-UTRA is 3 dB or 0 dB according to clause 6.2.5 of TS 36.101 [4] for a UE that supports power class 2 in the E-UTRA band of the EN-DC combination as defined in clause 6.2.2 of TS 36.101 [4];
Similarly to the UL CA case, we propose that
Proposal 4: for EN-DC report power-class fallback ΔPPowerClass,EN-DC in the PHR for the BC (multi-entry report) along with power class changes ΔPPowerClass,NR for serving cells; any BC power-class change, fallback or return to advertised BC power class, should trigger an aperiodic PHR.
4 Serving cell and the BC PC fallback reporting in the PHR 

Power-class fallback reporting can be implemented using spare bits of the PHR MAC-CE, and the triggering by using the corresponding and reusing the trigger mechanism for PL changes in 38.321:

The serving cell PCMAX,f,c and the P-bit apply without changes (no modified behavior)
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, possibly also that in the ue-PowerClassPerBandPerBC-r17 if applicable. The ΔPPowerClass is reported.
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b. For CA a multi-entry report is configured by the gNB
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The fallbacks per serving cell (power-class state) is reported per cell included in the report, the 8th bit of the first octet 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).
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 or for the BC:
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;
A threshold for reporting could also be defined if needed, a specific prohibit timer should also be specified.
5 Relation to the high-power limit
RAN4 has received the following LS from RAN1 [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.


PHR reporting of the power class state and triggering would help the gNB to “improve scheduling and network performance”, scheduling according to the power-class state without misalignment. Moreover, this also circumvents some of the difficulties associated with duty-cycle reporting, the network is told when a power class is modified due to SAR.
Proposal 5: send a reply LS to RAN1 on the possibility of reporting power-class fallback in the PHR, thus informing the network on the actual power-class state of serving cells and the band combination for SAR compliance (and UE heat management).
This does not preclude other methods for assisting the network predict the UE behavior, if feasible. Prediction by the network would only be facilitated by knowledge about the actual power-class state.
6 Proposal 

We propose to report power-class fallback ΔPPowerClass in the PHR per serving cell, the corresponding for the band combination when configured and trigger an aperiodic PHR in the event of power-class changes. . This would improve scheduling and network performance. 
Proposal 1: 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 (same as for a DL path-loss change)
For FDD HPUE
Proposal 2: report power-class fallback ΔPPowerClass in the PHR and power class changes also for FDD HPUE, and amend the specification to allow ΔPPowerClass = 3 dB for FDD PC2 conditioned on the actual UL duty cycle (using a default 50% threshold without duty-cycle capability)
For inter-band band combinations, we observe that 

Observation 1: for UL CA and in the absence of the capability maxUplinkDutyCycle-interBandCA-PC2-r17, the network is not aware of any BC power class fallback (power prioritization), P-MPR is not only applied for reducing the average power due to excessive duty cycles.

The P-MPR method is not adequate. The ΔPPowerClass,CA should apply also in this case when the BC power class is reduced due to excessive duty cycles and weighted with the power levels on the serving cells. The duty cycles of the serving cells are not the only factors determining the average total UE output power: 

Observation 2: the average total UE output power for a band combination does not only depend on the duty cycle, the instantaneous power levels on each serving cells must also be accounted for.

Therefore, we propose that

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

Similarly for EN-DC:
Proposal 4: for EN-DC report power-class fallback ΔPPowerClass,EN-DC in the PHR for the BC (multi-entry report) along with power class changes ΔPPowerClass,NR for serving cells; any BC power-class change, fallback or return to advertised BC power class, should trigger an aperiodic PHR.
Regarding the RAN4 inputs on RAN1enhancements to information exchange between UE and gNB are needed to improve scheduling and network performance when using higher power CA/DC,
Proposal 5: send a reply LS to RAN1 on the possibility of reporting power-class fallback in the PHR, thus informing the network on the actual power-class state of serving cells and the band combination for SAR compliance (and UE heat management).
This would be a baseline for any additional reporting.
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