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Introduction
In RAN1#113, the following agreement has been made on power domain enhancements [1]:
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.
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
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
· [bookmark: _Hlk132796740]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
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.
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
In this contribution, we further discuss the power domain enhancements for NR coverage enhancements. 
Enhancements on increasing UE power high limit for CA and DC
The following agreement was reached to realize increasing UE power high limit in RAN1#112 meeting.
	Agreement
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.



Regarding information exchange needed between the UE and gNB to improve scheduling and network performance when using higher power CA/DC, RAN1 has made the conclusion that at least the following enhancements to the PHR report framework might be potentially useful for realizing high power uplink transmissions in CA and DC during last meeting [1].
· Reporting of ∆PPowerClass and/or current power class
· Reporting of P-MPR.
In order to enhance existing mechanisms between UE and gNB to increase UE power high limit for CA and DC, some potential quantities to be reported in the PHR are identified, the pros and cons of the potential solutions was discussed in previous RAN1 meeting. RAN4 discussed the enhancements on increasing UE power high limit for CA and DC and has provided the following recommendation and guidance [2].
	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.


According to RAN4’s LS reply, it is recommended that not to introduce P-MPR report, and support UE report on the ΔPPowerClass only when configured duty cycle is exceeded. The PHR report only can one additional information to be considered: current power class /ΔPPowerClass. We expect the benefit of aware that UE’s power capabilities would be limited. Thus, we consider the whole PHR report enhancement maybe not introduced in Rel-18.
However, if that still to be evaluated, the trigger condition should also include as RAN4 recommended: When configured duty cycle is exceeded.
[bookmark: _Hlk142665639]Proposal 1: Enhancements to the PHR report maybe not necessary in Rel-18. 
Proposal 2: If Enhancements to the PHR report is supported in Rel-18, only evaluate that additional report of ∆PPowerClass and/or current power class into PHR is limited to when configured duty cycle is exceeded.
MPR/PAR reduction
Further NR coverage enhancements were discussed and following proposals were endorsed in RAN#100 [3].
	Proposal #1 (endorsed)
· 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


Transparent and non-transparent solutions for MPR/PAR reduction was discussed in RAN1#111 and following agreement has been made.
	Agreement
The following non-transparent solutions for MPR/PAR reduction are currently under discussion in RAN1.
· Frequency domain spectrum shaping w/ spectrum extension
· Tone reservation w/ spectrum extension
In addition, transparent schemes, for instance but not limited to frequency domain spectrum shaping w/o spectrum extension or schemes based on clipping and filtering, are also being evaluated to serve as a benchmark to assess the benefits of non-transparent solutions. Companies are allowed to use any transparent transmission scheme of their choice.


We have made some agreements and working assumptions on FDSS-SE in last meeting, e.g., if FDSS-SE is supported in Rel-18, several down-selects of DMRS sequence design and spectrum extension configuration need to do. However, the explicitly listed solutions do require large RAN1 specification change. Further, the trans-parent schemes seem have no much need for more discussion. Thus, we suggest deprioritize the discussion on MPR/PAR reduction issue in RAN1#114.
Proposal 3: Deprioritize the discussion on MPR/PAR reduction issue in RAN1#114.

Conclusion
In this contribution, we have discussed power domain enhancements for NR coverage enhancements. We have following observation and proposal.
Proposal 1: Enhancements to the PHR report maybe not necessary in Rel-18. 
Proposal 2: If Enhancements to the PHR report is supported in Rel-18, only evaluate that additional report of ∆PPowerClass and/or current power class into PHR is limited to when configured duty cycle is exceeded.
Proposal 3: Deprioritize the discussion on MPR/PAR reduction issue in RAN1#114.
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