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1. Introduction
Power domain enhancements was included as one of the enhancements to be studied and specified in the NR coverage enhancement work item approved (revised) in RAN1#96 [1]:
· Study and if necessary specify following power domain enhancements
· Enhancements to realize increasing UE power high limit for CA and DC based on Rel-17 RAN4 work on “Increasing UE power high limit for CA and DC”, in compliance with relevant regulations (RAN4, RAN1)
· Enhancements to reduce MPR/PAR, including frequency domain spectrum shaping with and without spectrum extension for DFT-S-OFDM and tone reservation (RAN4, RAN1)

RAN1 has received an LS from RAN4 (R1-2302270) replying to RAN1 LS on enhancements to realize increasing UE power high limit for CA and DC. While RAN4 has discussed several possible solutions (as in Issue 5 in [2]) without reaching consensus yet, it allowed RAN1 to extend its discussion range not only reactive mechanisms as in agreement in RAN1 #112 but also proactive approaches to enhance PHR reporting during RAN1 #113.
	Agreement #112 in [3]
Further discussions in RAN1 concerning means to facilitate higher power transmissions in CA and DC, if applicable, can target increasing gNB awareness of UE’s Tx power, e.g., PHR reporting enhancement such as current power class, power class change, or application of P-MPR by UE (subject to RAN4’s input). 
· FFS: details.



	[bookmark: _Hlk119546542]Issue 5: Whether and how PHR reporting enhancement should be considered for FR1 carriers
<Recommended WF>
· RAN4 discussion will focus on the following solutions that have been proposed in this meeting:
1. Power class fallback ΔPPowerClass with aperiodic PHR. 
· 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.
· 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.
· For EN-DC report power-class fallback ΔPPowerClass,EN-DC in the multi-entry PHR for the BC.
2. Power class being used by the UE. Because reporting ΔPPowerClass must be a huge burden for both UE and network.
· For single band HPUE operation, PC being used by a UE must be able to be reported per serving cell.
· For UL inter band CA HPUE operation, PC being used by a UE must be able to be reported per serving cell per band within a band combination as well as CA PC being used CA for the band combination itself.
3. The sustainable duty cycle over a certain duration that would prevent triggering a power class fallback at the UE, as well as period of applicability of the ∆PPowerClass report.
4. Introduce a scheme for a UE to report uplink symbol evaluation period and starting timing.
5. Enhance the current power headroom reporting framework to enable P-MPR reporting (via MPE field) for FR1 carriers.



On the other hand, companies put lots of effort to achieve the agreement on whether FDRA field indicates the number of PRBs in the inband or both inband and extension band if FDSS-SE is supported in Rel-18. Without the impact on either of RAN1 spec or other WGs evaluated and verified enough last meeting, the companies are requested to analyze the issues, technical consequences such as power control framework in UL power control calculation by modified bandwidth of resource assignment, and terminology aspects used in common between different WGs.

2. Discussion
UE Power High Limits for CA and DC
In the RAN1 #112b-e last meeting, RAN1 saw heterogeneous views under discussion on increasing UE power high limit for CA and DC. Companies tried to agree initially considering the reactive enhancements to the PHR report framework under the condition of proactive approaches not to be deprioritized yet in Rel-18. Given no middle ground found, RAN1 eventually was successful to share an observation as below.

	Observation

RAN1 discussed advantages and disadvantages of solutions included in R1-2302270 (R4-2303701) on enhancements to realize increasing UE power high limit for CA and DC. Pros and cons of the inclusion in the PHR report of at least one of the following quantities have been analyzed for different reporting mechanisms, triggers, and reporting periodicities:
· ∆PPowerClass 
· Power class
· P-MPR 
· Start and length of evaluation period for power class fallback
· Estimated duration of power class fallback
· Estimated duration over which UE can sustain Pcmax before additional P-MPR is required
· Sustainable duty cycle to prevent a fallback
· Energy/power availability

Note: Discussion is still ongoing, and its full current content can be found in Section 2.1.2 of R1-2303924.



Those quantities fall into three categories to be discussed as below. C1 is neatly overlapped with possible solutions that have been proposed in RAN4 meeting, and C2 is some variants of the last two proactive enhancements in C1. Given final decision would be taken by RAN4, C3 may need to be clarified whether it could be a solution with additional aspect to be considered in RAN4 meeting before RAN1 put its effort for further discussion during limited available time.

	Category
	Quantities

	C1
	· ∆PPowerClass 
· Power class
· P-MPR 
· Start and length of evaluation period for power class fallback
· Sustainable duty cycle to prevent a fallback

	C2
	· Estimated duration of power class fallback
· Estimated duration over which UE can sustain Pcmax before additional P-MPR is required

	C3
	· Energy/power availability



Proposal 1. RAN1 to discuss sending LS whether RAN4 would consider C2 and C3 as additional solutions to be discussed. RAN1 would keep evaluating those quantities if time allows while waiting LS from RAN4.

Proposal 2. Given limited available time, RAN1 to discuss quantities in C1 and C2 which are at least in line with possible solutions under RAN2 to enhanced PHR framework helping gNB increase awareness of UE’s Tx power for UE power higher limit for CA and DC.

The summation of the maximum output power values for the aggregated bands in CA and DC have been allowed based on Rel-17 RAN4 enhancement on maximum transmit power limit. For example, in case of UE supporting PC3 (23 dBm) in one band and PC2 (26 dBm) in another band, it can use maximum composite power of 27.8 dBm from both PAs while Rel-16 UE would drop its full power to meet the limited maximum composite power. To realize to increase UE power high limit for CA and DC, it seems reasonable that UE supporting a different power class (e.g., PC2) than the default UE power class (e.g., PC3) could enable and perform the higher maximum output power than that of the default power class and not to fall back to the default PC. However, in accordance with the current specification in [4] and [5], this power class change is carried out based on UE capability with maximum 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 exact evaluation period is no less than one radio frame if not specified. If maxUplinkDutyCycle-PC2-FR1of UE capability is not absent and the percentage of uplink symbols transmitted in the certain evaluation period is larger than the value, UE shall apply all requirements for the default power class to the supported power class and set the configured transmitted power as to fall back to the default power class, PC3. Similarly in CA, if maxUplinkDutyCycle-interBandCA-PC2-r17 of UE capability is not absent and the average percentage of uplink symbols transmitted in a certain evaluation period is larger than the value, UE shall apply all requirements for the default power class to the supported power class and set the configured transmitted power such as to fall back to the default power class. 

Observation 1. Current specification articulates one of UE behaviors as its power class fallback based on UE’s own evaluation and decision which has not known to gNB.

Given UE operating in its own implementation specific evaluation and measurement with relatively higher visibility, gNB’s perspective is quite different. Power Headroom Report (PHR) procedure is designed to provide gNB with power headroom and maximum transmit power values, and power class related information (e.g. ΔPPowerClass,CA and ΔPPowerClass,CA ) could be implicitly suggested by the configured maximum output power PCMAX changes based on its equations in both upper and lower bound as specified in [5]. As a result, gNB may observe the configured maximum output power changes by monitoring existing regular or event-triggered PHR reports. gNB may analyze whether power drop has been caused by unexpected path loss or power class change based on value changes in maximum transmit power field as long as PHR report has been not too late to deliver the relevant information. 

Observation 2. Even though gNB may observe the configured maximum output power changes by monitoring existing regular or event-triggered PHR reports, it could not guarantee power class change or current power class at UE.


On the other hand, UE capability maxUplinkDutyCycle-FR2 indicates the maximum percentage of symbols during 1s that can be scheduled for uplink transmission at the UE maximum transmission power, so as to ensure compliance with applicable electromagnetic power density exposure requirements provided by regulatory bodies. If this field is present and the percentage of uplink symbols transmitted within any 1s evaluation period is larger than maxUplinkDutyCycle-FR2, UE follows the uplink scheduling and can apply P-MPRf,c for carrier f of serving cell c. UE reports P-MPR value in the PHR procedure in FR2 when measured power reduction is equal to or higher than a threshold (e.g. P-MPR_00) for MPE reporting. MPE field in PHR MAC CE indicates an index to Table 6.1.3.8-3 (Effective power reduction for MPE P-MPR) in [7], and the corresponding measured values of P-MPR levels in dB are specified in Table 10.1.26.1-1 (Mapping of FR2 P-MPR) in [6] as effective power reduction. 
Table 10.1.26.1-1 Mapping of FR2 P-MPR
	Reported value
	Measured quantity value
	Unit

	P-MPR_00
	3  PMP-R < 6
	dB

	P-MPR_01
	6  PMP-R < 9
	dB

	P-MPR_02
	9  PMP-R < 12
	dB

	P-MPR_03
	PMP-R  12
	dB



Table 6.1.3.8-3: Effective power reduction for MPE P-MPR
	MPE
	Measured P-MPR value

	0
	P-MPR_00

	1
	P-MPR_01

	2
	P-MPR_02

	3
	P-MPR_03



To be specific, a PHR shall be triggered if mpe-Reporting-FR2 is configured, and mpe-ProhibitTimer is not running under the conditions as in [7]:
· The measured P-MPR is equal to or larger than mpe-Threshold for at least one activated FR2 Serving Cell since the last transmission of a PHR in this MAC entity; or
· the measured P-MPR applied to meet FR2 MPE requirements has changed more than phr-Tx-PowerFactorChange dB for at least one activated FR2 Serving Cell since the last transmission of a PHR due to the measured P-MPR applied to meet MPE requirements being equal to or larger than mpe-Threshold in this MAC entity.

This relevant operation and signaling could be applied to increase UE power high limit for CA/DC even in FR1. If necessary, MPE field could be supported more than 2 bits with more ranges. 

Observation 3. UE follows the uplink scheduling without power class change and reports P-MPR in PHR in FR2 to inform measured power reduction. This operation could be applicable to FR1.

Power class fallback ∆PPowerClass, current power class, and P-MPR could be reactive solutions such as to carry the corresponding quantities in PHR reports after a certain condition is met (e.g. a specific range of power change detected or SAR/MPE compliance) at UE. Even though reactive solutions may not prevent UE from power class fallback operation, those help gNB aware of UE’s transmit power condition at the expense of minimum specification impacts and implementation complexity. Those reactive quantities have been already known/measured values at UE. With further development of triggering events (e.g., aperiodic triggering based on configured RRC parameters), gNB could achieve efficient scheduling timely after UE’s transmit power condition has just been changed.

Proposal 3. RAN1 to consider one of quantities, current power class or power class change, explicitly to be carried in PHR report to help gNB increase awareness of UE’s Tx power.

Proposal 4. RAN1 to consider P-MPR to be carried in PHR report to help gNB increase awareness of UE’s Tx power in both FR1 and FR2.

Proposal 5. RAN1 to consider new triggering events for enhanced PHR reports when one or more quantities above changes in a certain condition at UE.


According to the current specification, PHR report shall be triggered in certain conditions pertaining to phr-ProhibitTimer, phr-PeriodicTimer, phr-Tx-PowerFactorChange, etc which are not involved in MPE (Maximum permissible Exposure) compliance. While MPE P-MPR information in PHR report carries the power backoff values to meet the MPE FR2 requirements, it is one of reactive solutions. Provided that UE implementation specific evaluation period when uplink duty cycle is applied, gNB is not still aware of how much available power left, and/or how many symbols (or time units) left within uplink duty cycle implemented by UE before gNB prevents a power class fallback or expect when coming back to higher power class again. To provide more information for gNB, proactive solutions have been discussed and described in [8] where companies has laid out different solutions and views on what to be carried while it is not clear enough how many bits are acceptable, what to be left as UE implementation specific, how much gain each solution could achieve.

Observation 4. RAN1 to see concerns and uncertainties on UE implementation aspect and achievable gain at the expense of increased complexity and spec impact comparing to reactive solutions.

Proposal 6. RAN1 to consider reporting certain quantities in the context of reactive enhancements to PHR report first unless RAN1 finds common ground on proactive enhancements.


MPR/PAR reduction



There was a discussion what FDRA field indicates if FDSS-SE is supported in Rel-18. Given no consensus reached during RAN1 #112b-e, companies are invited to analyze the situation and contribute their proposals by corroborating evidence and spec references. Considering uplink resource allocation type 0 is supported for PUSCH only when transform precoding is disabled, uplink resource allocation type 1 could be analyzed based on aspects of inband, extension band, and extension factor α. Currently, uplink type 1 resource allocation field consists of a resource indication value (RIV) corresponding to a starting virtual resource block () and a length in terms of contiguously allocated resource blocks described in 6.1.2.2.2 in 38.214 as below. Note that  PRB is the size of active bandwidth part.
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As for PUSCH transmission power  in PUSCH transmission occasion  as in 7.1.1 in 38.213 as below, 
[image: ] [dBm]

 is the bandwidth of the PUSCH resource assignment expressed in number of resource blocks on active UL BWP  of carrier  of serving cell , and  is a SCS configuration. UE can use  for  and TBS determination.


With discussion on what to indicate in FDRA field, when it comes to the specification impact, the number of PRB in the inband might need be articulated further. As an example, following the current concept of RIV in FDRA field for uplink resource allocation type 1, the number of PRB in the inband could be considered .

As the first alterative, assuming  is a length of inband as in Figure 1, to reuse current procedure to get RIV might require further consideration whether existing RIV is enough to support FDSS-SE operation.


Figure 1
[image: ]

For  in uplink transmit power, length of total band consisting of inband and extension band is calculated from  and extension factor α while it is directly used for TBS determination.


As the second alterative, assuming  is a length of total band as in Figure 2, notions appear to be reused to obtain RIV. 

Figure 2
[image: ]



UE can use  for  while TBS determination is calculated to get the number of PRB in the inband based on  and extension factor α.

Observation 5. With brief analysis based on the current specification, if FDSS-SE is supported in Rel-18, whether FDRA field indicates the number of PRB in the inband or not could impact on different parts of the spec such as RIV related elements, transmit power control, and TBS determination.


3. Conclusion
In this contribution, we discussed on the power domain enhancements for Rel-18 NR coverage enhancement, and following observations and proposals are listed up.

Observation 1. Current specification articulates one of UE behaviors as its power class fallback based on UE’s own evaluation and decision which has not known to gNB.

Observation 2. Even though gNB may observe the configured maximum output power changes by monitoring existing regular or event-triggered PHR reports, it could not guarantee power class change or current power class at UE.

Observation 3. UE follows the uplink scheduling without power class change and reports P-MPR in PHR in FR2 to inform measured power reduction. This operation could be applicable to FR1.

Observation 4. RAN1 to see concerns and uncertainties on UE implementation aspect and achievable gain at the expense of increased complexity and spec impact comparing to reactive solutions.

[bookmark: _GoBack]Observation 5. With brief analysis based on the current specification, if FDSS-SE is supported in Rel-18, whether FDRA field indicates the number of PRB in the inband or not could impact on different parts of the spec such as RIV related elements, transmit power control, and TBS determination.

Proposal 1. RAN1 to discuss sending LS whether RAN4 would consider C2 and C3 as additional solutions to be discussed. RAN1 would keep evaluating those quantities if time allows while waiting LS from RAN4.

Proposal 2. Given limited available time, RAN1 to discuss quantities in C1 and C2 which are at least in line with possible solutions under RAN2 to enhanced PHR framework helping gNB increase awareness of UE’s Tx power for UE power higher limit for CA and DC.

Proposal 3. RAN1 to consider one of quantities, current power class or power class change, explicitly to be carried in PHR report to help gNB increase awareness of UE’s Tx power.

Proposal 4. RAN1 to consider P-MPR to be carried in PHR report to help gNB increase awareness of UE’s Tx power in both FR1 and FR2.

Proposal 5. RAN1 to consider new triggering events for enhanced PHR reports when one or more quantities above changes in a certain condition at UE.

Proposal 6. RAN1 to consider reporting certain quantities in the context of reactive enhancements to PHR report first unless RAN1 finds common ground on proactive enhancements.
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