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Introduction
[bookmark: _Hlk101443289][bookmark: OLE_LINK1]In RAN#96-e, revised WID on Further NR coverage enhancements was endorsed [1]. One of the objective of this work item is to specify study power domain enhancements as the following:
	· [bookmark: _Hlk83924038]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)


In this contribution, we share the view on power domain enhancements for Rel-18 coverage enhancement.
Discussions
Enhancements to realize increasing UE power high limit for CA and DC
In RAN1#112 meeting, the following agreement was made.
	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.



[bookmark: _Hlk131707454]The regional regulations define specific absorption rate (SAR) requirements for sub-6 GHz bands and power density (PD) requirements for above-6 GHz bands. In terms of the compliance of SAR and PD regulatory requirements, transmissions with all the RATs that the UE has used in all the frequencies below or above 6GHz have to be taken into account, where the RATs includes not only NR but also LTE, Wi-Fi, Bluetooth, etc. On the other hand, the gNB may be able to trach UE’s instantaneous transmission power as well as power headroom related to NR only but cannot be aware of the remaining amount of the exposure allowed for the UE.
[bookmark: _Hlk131508556]Observation 1: In order to comply regulatory SAR requirement, the transmitted power by all the RAT that the UE has used, including LTE, Wi-Fi, Bluetooth, etc. as well as NR, needs to be considered. 
[bookmark: _Hlk131522352]
In the legacy NR system, P-MPR was adopted for the power management maximum output power reduction. It can be utilized for UE’s power management when the output power needs to be reduced due to the exposure by the other RAT(s). Table 1 is the excerpt from TS38.133, which shows mapping of the reported P-MPR value and the measured quantity values in the unit of dB. Obviously, P-MPR would provide more information to the network compared with the reporting of only the current power class or power class change. However, the existing P-MPR is applicable to only FR2.
Table 1: Mapping of FR2 P-MPR (in TS38.133)
	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



Observation 2: The existing P-MPR is used by UEs to manage their transmission power, but it is defined only for FR2.

In order to address the issue, it is proposed extending P-MPR to be applicable to FR1.
Proposal 1: Extend P-MPR to be applicable to FR1.

Enhancements to reduce MPR/PAR
In the study of “Study on optimizations of pi/2 BPSK uplink power in NR”, the feasibility of power boosting for pi/2 BPSK modulation was studied, the study also covered filter characteristics for the new power capability. The conclusion of the study was described in TS38.868, in which it was captured that the choice of filter is up to UE implementation and transparent to the network as it was in Rel-16. The same principle can also apply to the second candidate solution, i.e., Frequency domain spectrum shaping w/o spectrum extension. On the other hand, for Rel-18 CovEnh, FDSS with spectrum extension (SE) has been considered as candidate solution for reduction of MPR/PAR. 
In the past several meetings, a variety of the sets of configurations (including the number of PRBs before extension and the number of PRBs after extension) were listed as agreements and working assumptions for link-level evaluations on whether/how much SE improves net coverage performance.
If it is identified the signal in the extended spectrum that does not contribute to carry information bits would lead to overall performance, RAN1 should specify such a new UL signal structure in the specification. In addition, it also requires some changes in terms of the related UE behaviors. 
Here, we focus on the process of transform precoding. The existing uplink resource allocation schemes have several restrictions, e.g., RBG size (the unit of uplink resource allocation) and total number of allocated RBs (fulfilling [image: ] limitation). This restriction leads to the fact that, for the legacy DFT-S-OFDM symbol generation, the number of samples is always expressed as a product of a multiple of 2, a multiple of 3, and a multiple of 5. This allows the UE to perform FFT with the mixed radices of 2, 3 and 5 so that the number of multiplications in transform precoding process is reduced.
[bookmark: _Hlk131706089]Observation 3: For the legacy DFT-S-OFDM symbol generation, FFT with the mixed radices of 2, 3 and 5 can be used for the transform precoding process.

[image: ]
Figure X: Generating of DFT-S-OFDM symbol with FDSS+SE

[bookmark: _Hlk131706869]For the generation of DFT-S-OFDM symbol with FDSS and SE, the spectrum extension process is applied after transform precoding process. In order to make the transform precoding process remain unchanged, the [image: ] limitation should apply the number of samples before the spectrum extension process. Given that the above limitation is for the Resource block allocation signaled by FDRA, the SE should be defined outside of the frequency resource allocated by FDRA.
In addition, with this, the PUSCH encoding/decoding procedures including TBS determination based on the FDRA value remain unchanged from the legacy behaviors. Meanwhile, if SE is defined inside the frequency resource allocated by FDRA, that causes different PUSCH encoding/decoding procedures depending on whether the spectrum extension is applied or not. 
As for the RF process perspective, the SE defined outside of the frequency resource allocated by FDRA would lead to different spectrum masking for w/ and w/o the spectrum extension, since the total bandwidth for the uplink transmission depends on the presence of the spectrum extension in addition to the FDRA information. In contrast, the total bandwidth is determined only by FDRA if the SE locates inside. It is seen that the former would have some impact on the spectrum masking, but FDSS would anyway requires some enhanced filtering. 
Based on the above analysis, we make the following proposal.
Proposal 2: The spectrum extension is defined outside of the frequency resources allocated by FDRA. 

Conclusion
In this contribution, we have the following observation and proposal:
Observation 1: In order to comply regulatory SAR requirement, the transmitted power by all the RAT that the UE has used, including LTE, Wi-Fi, Bluetooth, etc. as well as NR, needs to be considered. 
Observation 2: The existing P-MPR is used by UEs to manage their transmission power, but it is defined only for FR2.
Proposal 1: Extend P-MPR to be applicable to FR1.
Observation 3: For the legacy DFT-S-OFDM symbol generation, FFT with the mixed radices of 2, 3 and 5 can be used for the transform precoding process.
Proposal 2: The spectrum extension is defined outside of the frequency resources allocated by FDRA. 
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