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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 had received an LS from RAN4 (R1-2302270) on enhancements to realize increasing UE power high limit for CA and DC. While RAN4 had discussed several possible solutions (as in Issue 5 in [2]) without reaching consensus, it allowed RAN1 to extend its discussion range not only reactive mechanisms as in agreement in RAN1 #112 but also proactive approaches to enhance gNB scheduler during RAN1 #112-bis and #113. However, given a latest LS from RAN4 (R4-2310500), it is likely to impact on the discussions planned to be continued during RAN1 #114.
	[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 had tried to analyze the technical aspects, existing mechanisms, and/or corresponding specification impacts if FDSS-SE is supported in Rel-18 to reduce MPR/PAR. As a result, the following agreements and working assumption have been made in the RAN1 #113, and the down-selections remain for different design aspects.
	Agreement
If FDSS-SE is supported in Rel-18, for the case of DMRS sequence length before extension of the sequence, if any, larger than or equal to 30, legacy DMRS sequences are used with FDSS-SE.
RAN1 to down-select in RAN1 #114 only one of the following alternatives: 
· Alternative A:
· Sequence length determination is based on the number of PRBs in the total allocation
· Legacy mapping procedure is used over the total allocation
· Alternative B:
· Sequence length determination is based on the number of PRBs in the inband.
· The sequence is cyclically extended to span the number of PRBs in the total allocation.
· FFS: whether the mapping of the DMRS sequence to the REs start from the first PRB of the total allocation or from the first PRB of the inband.
· Alternative C 
· Sequence length determination is based on the number of PRBs in the inband.
· Mapping and extension of the DMRS sequence is performed like for data.
FFS: the case of DMRS sequence length before extension of the sequence, if any, smaller than 30.
FFS: whether this applies to Low-PAPR Type 2 DMRS
Note: down-selection should be based at least on OBO evaluations, as well as delta(SNR). Other metrics, e.g., PAPR and CM, can also be considered.

Agreement

· If FDSS-SE is supported in Rel-18, RAN1 to down-select in RAN1 #114 only one of the following options for spectrum extension configuration:
· Option 1: Spectrum extension is [configured/indicated/determined] using an extension factor. One or more extension factors are supported
· Option 2: Spectrum extension is [configured/indicated/determined] using an even number of PRBs. One or more candidate number of PRBs is supported
· FFS: details.
Note: whether this has impact on DCI or not or has further specification impact or not is a separate discussion and is also subject to RAN4’s conclusion to support FDSS-SE in Rel-18.

Agreement

· If FDSS-SE is supported in Rel-18:
· The number of resource blocks used to determine the PUSCH transmission power is the number of PRBs in the total allocation
FFS: how the number of PRBs/sub-carriers in the inband and total allocation is determined by the UE, i.e., details about FDRA indication

Working Assumption

· If FDSS-SE is supported in Rel-18:
· transport block size is calculated using the number of PRBs in the inband.
· The number of PRBs used to determine the DFT size for transform precoding is the number of PRBs in the inband.
FFS: how the number of PRBs/subcarriers in the inband is determined by the UE, i.e., details about FDRA indication

Working Assumption

If FDSS-SE is supported in Rel-18:
· For PT-RS symbol mapping, the index m of PT-RS samples in OFDM symbol l prior to transform precoding is a function of the number of sub-carriers in the inband.
FFS: how the number of PRBs/sub-carriers in the inband and total allocation is determined by the UE, i.e., details about FDRA indication


However, the proposal for MPR/PAR reduction in Rel-18 UL Coverage WI in RAN #100 has been recently endorsed in [3] such that it would impact on the discussions planned to be continued during RAN1 #114 as well.
In this contribution, we would suggest potential directions based on the current status of each discussion on enhancements to both MPR/PAR reduction and UE Power High Limits for CA and DC, considering the TU with RAN1 functional freeze and Rel-18 maintenance on top of the LS from RAN4 # 107 and the proposal endorsed from RAN #100.

2. Discussion
MPR/PAR reduction
In accordance with the existing agreed RAN1/RAN4 work split, while RAN4 has considered optimized MPR performance with achievable net coverage gain for outer and inner allocations using FDSS-SE and/or Transparent Schemes, respectively in [4], the original plan during RAN1 #114 was supposed to make the down-selections and further clarification based on the agreements made in RAN1 #113 for technical aspects to minimize implementation complexities and specification impacts if FDSS-SE is supported in Rel-18. However, the proposal for MPR/PAR reduction in Rel-18 UL Coverage WI in RAN #100 has been recently endorsed in [3].
	Proposal #1
· No RAN1 specification impact is expected for MPR/PAR reduction in Rel-18 UL Coverage WI
· RAN4 will define new optional requirements in the form of at least MPR reduction suitable for a transparent scheme (such as FDSS) that have no RAN1 specification impact



Even though companies had put lots of efforts to analyze the simulation results, technical aspects, existing mechanisms, and/or corresponding specification impacts if FDSS-SE is supported in Rel-18, the endorsed proposal means that the relevant discussions and further agreements are no longer required especially for aspects that potentially impact on the RAN1 specification. It implicitly suggests turning our attention to a new direction on what RAN1 allows to do further. RAN1 could stop the all relevant discussion on enhancements to MPR/PAR reduction and give more time for other Rel-18 UL Coverage WI. Or RAN1 could keep the discussion on transparent schemes (e.g. FDSS, clipping, peak cancelation, etc) for the remaining TU in Rel.18.

Proposal 1. Considering the proposal that no RAN1 specification impact is expected for MPR/PAR reduction in Rel-18 UL Coverage WI, RAN1 to discuss what RAN1 is supposed to accomplish for enhancements to MPR/PAR reduction.

Proposal 2. RAN1 to decide whether to stop the all relevant discussion on enhancements to MPR/PAR reduction or keep the discussion on transparent schemes (e.g. FDSS, clipping, peak cancelation, etc) for the remaining TU in Rel.18.


UE Power High Limits for CA and DC
In the RAN1 #112b-e and #113, RAN1 saw heterogeneous views on increasing UE power high limit for CA and DC. While proactive solutions have been discussed and described in [5] and [6] where companies has laid out different solutions and opinions on what to be carried, it turns out that it may not be clear enough to reach consensus on how many bits are acceptable, what UE implementation specific issues to be left, and/or how much gain each solution could achieve at the price of increased implementation complexities and specification impacts. RAN1 eventually has decided to describe the current status in the form of a following conclusion in RAN1 #113.
	Conclusion
If enhancements to the PHR report are to be specified in Rel-18, at least the following enhancements to the PHR report framework might be potentially useful for realizing high power uplink transmissions in CA and DC:
· Reporting of ∆PPowerClass and/or current power class
· Reporting of P-MPR.
Discussion continues in RAN1 on whether enhancements to the PHR report are needed in Rel-18.




Meanwhile, LS has been sent out from RAN4 in [7] and asked RAN1 to consider it for further work as below. Providing RAN4’s recommendation and guidance, the ΔPPowerClass is able to be reported to gNB to indicate power class requirement changes set by UE only when configured duty cycle is exceed, and P-MPR in FR1, EHR (Energy Headroom Report), and/or proactive solutions with specific evaluation periods and durations are not further considered to discuss in Rel-18.
	Overall Description

With regard to enhanced information exchange between the UE and gNB to improve scheduling and network performance when using higher power CA/DC, RAN4 would like to provide the following recommendation and guidance as a follow-up to our earlier Reply LS in R4-2303701 from RAN4#106:

· enable UE report on the ΔPPowerClass to indicate which power class requirements that the UE is referring to only when configured duty cycle is exceed 
· The occasion of the report should be limited to when configured duty cycle is exceeded. 
· can be combined with full-power MIMO transmission capability reporting corresponding to the current power class 
· not to introduce P-MPR report since this is closely related to SAR implementation, which is sensitive to UE design
· RAN4 stops the discussion on reporting prediction with specific evaluation periods and durations in Rel-18.
· RAN4 does not consider EHR feasible.




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 [8] and [9], 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 evaluation period is no less than one radio frame if not specified. For example, ff 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. 

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 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 [9]. 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. In case ΔPPowerClass change (e.g. 3, or 6 dB depending on advertised power class) occurs when the percentage of uplink symbols transmitted in a certain evaluation period is larger than default, or maxUplinkDutyCycle-PC2-FR1, etc is exceeded, its explicit reporting could be useful for gNB to change the corresponding requirements depending on different power classes.


Observation 1. Even though reporting ΔPPowerClass only when configured duty cycle is exceeded may not prevent UE from power class fallback operation, it could help gNB aware of UE’s transmit power condition at the expense of minimum specification impacts and implementation complexities since this quantity has been already known/measured values at UE.

The overall description from RAN4 LS in [7] implicitly suggests turning our attention to a new direction on what RAN1 allows to do further. RAN1 could stop the all relevant discussion on enhancements to increasing UE Power High Limits for CA and DC and give more time for other Rel-18 UL Coverage WI.

Proposal 3. Considering the recommendation and guidance provided by RAN4, RAN1 to discuss what RAN1 is supposed to accomplish for enhancements to UE Power High Limits for CA and DC.

Proposal 4. RAN1 to decide whether to stop the all relevant discussion on enhancements to increasing UE Power High Limits for CA and DC or keep the discussion on items to be considered worth discussing further during the remaining TU in Rel.18.

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

Observation 1. Even though reporting ΔPPowerClass only when configured duty cycle is exceeded may not prevent UE from power class fallback operation, it could help gNB aware of UE’s transmit power condition at the expense of minimum specification impacts and implementation complexities since this quantity has been already known/measured values at UE.
Proposal 1. Considering the proposal that no RAN1 specification impact is expected for MPR/PAR reduction in Rel-18 UL Coverage WI, RAN1 to discuss what RAN1 is supposed to accomplish for enhancements to MPR/PAR reduction.
Proposal 2. RAN1 to decide whether to stop the all relevant discussion on enhancements to MPR/PAR reduction or keep the discussion on transparent schemes (e.g. FDSS, clipping, peak cancelation, etc) for the remaining TU in Rel.18.
Proposal 3. Considering the recommendation and guidance provided by RAN4, RAN1 to discuss what RAN1 is supposed to accomplish for enhancements to UE Power High Limits for CA and DC.
Proposal 4. RAN1 to decide whether to stop the all relevant discussion on enhancements to increasing UE Power High Limits for CA and DC or keep the discussion on items to be considered worth discussing further during the remaining TU in Rel.18.
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