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Introduction
During SI phase, power-domain-based solutions had been identified as a direct way to improve coverage performance [1]. However, in Rel. 17, power-domain-based solutions had not been addressed due to limited scope of coverage enhancement. Therefore, a WID for Rel. 18 CovEnh was approved in [2], where some aspects of power domain enhancements are included as follows 
· 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)
This document provides our view on some power-domain-based solutions. including enhancements to realize increasing UE power high limit and enhancements to reduce MPR/PAR.

Enhancements to realize increasing UE power high limit
In Rel. 15/16, the total transmits power of UE, which is configured for CA or DC, is limited by PCMAX_H based on the power class such that prevents a UE from transmitting at a higher power according to the sum of the maximum power in each CC. To overcome this limitation, Rel. 17 RAN4 has studied and agreed to raise the upper and lower limits of PCMAX (i.e., new values of PCMAX_L and PCMAX_H) to enable higher maximum transmit power for CA/DC when a higher-layer paramter HigherPowerLimitCADC is signaled by a UE [3], [4]. Particularly, for EN-DC, PPowerClass, EN-DC for determining PCMAX_L and PCMAX_H is replaced by the sum of the linear powers of PPowerClass,NR and PPowerClass,E-UTRA converted to dB, targeting to PC3+PC2 power configurations [4]. For CA, PPowerClass,CA for determining PCMAX_L and PCMAX_H is replaced by 10 log10 ∑ pPowerClass,c. [3]. Following that, UE can have additional transmit power headroom from the increasing power limits for improving coverage performance when the UE has a capability to indicate HigherPowerLimitCADC.
In Rel. 18, regarding the objective “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)”. RAN4 has reached the following WF in RAN4#104bise [5]
	WF on enhancements of increasing UE power high limit
FFS on the other issues and check whether if the discussion for this objective in RAN4 level could be stopped based on companies’s views in the next meeting.


Therefore, we think that RAN1 should wait for RAN plenary guidance based on RAN4’s outcomes because RAN4 leads the discussion on this objective.
Proposal 1: Support to wait for RAN plenary guidance based on RAN4’s outcomes.

Enhancements to reduce MPR/PAR
In RAN1#110-bis-e, the following agreement has been reached.
	Agreement
At least the following candidate solutions for MPR/PAR reduction will be studied in RAN1.
· Frequency domain spectrum shaping w/ spectrum extension
· Frequency domain spectrum shaping w/o spectrum extension
· Tone reservation (which can only be w/ spectrum extension)


In Rel. 15, NR supports frequency domain spectrum shaping (FDSS) without spectrum extension for pi/2 BPSK. In Rel. 16, the FDSS work has continued to design lowered-PAPR DMRS for the case of PUSCH with pi/2 BPSK in order to reduce the PAPR to the same level as that of data symbols. With such understanding, we think that there is no need to further study FDSS without SE in Rel. 18 from RAN1 perspective, but it is rather reference to other schemes. Therefore, we focus on discussing the design aspect of FDSS with SE and the design aspect of tone reservation in the following sections. 

Design aspect of FDSS with SE
It has been observed that in the power-domain, with a reduction of MPR/PAR, larger output power can be obtained from a given power amplifier (PA) system under given emission constraints and transmit signal passband quality requirements. This directly improves coverage area. In Rel. 15/16, NR FDSS without SE does not specify an exact shaping function, however, certain requirements are defined which yield boundary conditions for shaping filter implementations, i.e., gNB does not have knowledge of the exact FDSS filter or shaping function used in a UE. This approach allows UE vendors to pursue their own implementation and performance optimizations, while the system performance is guaranteed through the minimum RF requirements specified in the specifications, such as transmit signal spectral flatness, in-band / output back-off (OOB) emissions, and EVM [6]. We think this approach can be reused for Rel. 18 CovEnh. 
Moreover, during SI phase, it has been shown that by applying FDSS with SE for QPSK, the achievable reduction of PAR can reach the lowered-PAR level of pi/2 BPSK FDSS at the PRB allocations of interest for coverage, as shown in the following observation [1]. 
Observation 1: At the PRB allocations of interest for coverage, the OBO difference between pi/2 BPSK FDSS and QPSK FDSS with SE is reported as 0-0.3 dB.
[bookmark: _Hlk115018990]Regarding general design aspect, the FDSS with SE includes SE part and non-SE part, where there are 3 options to for defining the SE part as shown in the following agreement.
	Agreement
The following spectrum extension options for frequency domain spectrum shaping with spectrum extension (FDSS-SE), are considered for studying MPR/PAR reduction enhancements in Rel-18:
· Option 1: Symmetric extension
· Option 2: Cyclic extension
· Option 3: Cyclic shift plus symmetric extension.


In Option 1, the SE part can be formulated by copying a set of sub-carriers (e.g., SE/2 sub-carriers) from an upper/lower side in non-SE part to place in the other side of DFT output. The operation is done for both sides of DFT output as shown in Fig. 1. In Option 2, a cyclic shift is used to achieve the cyclic extension. Option 3 is a combination of Option 1 and Option 2. According to the input of contributions in [7], [8], Option 1 can provide good performance. Hence, we propose the following.
Proposal 2: If FDSS with SE is supported, take symmetric extension.
The SE part and non-SE part can be determined by using an extension factor α. For instance, Fig. 1 shows an example of diagram of NR UL transmitter supporting FDSS and SE, wherein the whole bandwidth of the SE part and non-SE part is expressed as , where  denotes the bandwidth of non-SE part (named as possibility A). Another possibility B is that when the SE part and non-SE part are allocated within , then the SE part and non-SE part can be determined as  and , respectively, wherein  is given by spectrum extension size / total allocation size such that a size of SE part is expressed in integer units of RBs. Both possibilities can work. For simplicity, we can select the possibility B.
Proposal 3: If FDSS with SE is supported, determine SE size based on an extensions factor α, where it is given by spectrum extension size / total allocation size. 
· SE size is expressed in integer units of RBs
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Fig. 1. An example of diagram of NR UL transmitter supporting FDSS with SE
The non-SE part can be used for both data and DMRS, while SE part can be used for DMRS. Hence, DMRSs in both SE part and non-SE part are used to estimate channel for achieving diversity gain. Inter-user interference due to overlapping of SEs among different UEs can be handled by gNB’s receiver depending on spatial orthogonality (or close to orthogonality).
Regarding the extension factor α, we observe that for a given modulation order, a greater value of  is used, more PRBs or sub-carriers can be used for SE part, so a lower MPR/PAR can be achieved, larger output power can be obtained while still meeting the minimum RF requirements. However, when the greater value of  is used, the achievable spectral efficiency is reduced. Therefore, the extension factor α can be considered as a tradeoff between the achievable reduction of MPR/PAR and the achievable spectral efficiency. It implies that an optimal value of  could be determined by analyzing the tradeoff. For an example, it has been shown in [9] that  provides lowest PAPR for QPSK modulation. 
Observation 2: The extension factor α can be considered as a tradeoff between the achievable reduction of MPR/PAR and the achievable spectral efficiency.
Furthermore, when the extension factor α is a constant value, there is no need of signalling of α. Due to the PRB allocations of interest for coverage and a consideration of the achievable spectral efficiency, α can be only used less than a threshold (i.e., certain PRB allocation). In this case, we think the extension factor α needs to be signalled to a UE. 

Design aspect of tone reservation
A common aspect between the design aspect of FDSS with SE and the design aspect of tone reservation is to require the specific frequency-domain resource allocations for a purpose of reducing MPR/PAR. Particularly, the principle of tone reservation method is to reserve tones (sub-carriers, PRBs, etc.) for a UE to generate a compensating signal that is added to the original signal in order to achieve a lowered-MPR/PAR signal. The size of the reserved tones (aka sideband tone reservation size) can impact on MPR/PAR reduction. There would be no overlapping between the the reserved tones and the subcarriers used for transmitting the data.
Proposal 4: If tone reservation is supported, determine sideband tone reservation size based on an extensions factor α, where it is given by spectrum extension size / total allocation size. 
· Sideband tone reservation size is expressed in integer units of RBs.
If the tone reservation is supported, there could be two available methods that can be configured to a UE, i.e., a method of Rel. 16 FDSS without SE and a method of tone reservation in Rel. 18. If both methods are independently configured to work at the same time, where each component works separately on its own. It may give rise to potential issues as follows 
· Potential issue 1: Radio resource in frequency-domain are not utilized which results in low spectral efficiency. 
· For example, in Fig. 2, only a few tones from legacy resource allocations in frequency-domain in Rel. 15/16 FDSS are used for data
[image: ]
Fig. 2. An example of radio resource allocations in frequency-domain creates issue 1
· Potential issue 2: If the resource allocations in frequency-domain are not properly configured, the achievable reduction of MPR/PAR may be decreased. 
· For example, in Fig. 3, Rel. 15/16 FDSS and tone reservation do not work well because a part of the reserved tones for UE#1 is overlapped with a part of data tones for UE#2 in a not proper configuration of the resource allocations.
[image: ]
Fig. 3. An example of radio resource allocations in frequency-domain creates issue 2

Observation 3: In Alt. 2, when the reserved tones is not properly configured, the operation of tone reservation can conflict with the operation of Rel. 15/16 FDSS without SE.
In order to avoid the potential issues 1 and 2, the resource allocations in frequency-domain are required to be properly configured for the two methods. In this case, it requires the discussion on integration of FDSS with SE and tone reservation 

Conclusions
In this contribution, we provide our view on power domain enhancements. We made the following observations and proposals. 
Observations:
Observation 1: At the PRB allocations of interest for coverage, the OBO difference between pi/2 BPSK FDSS and QPSK FDSS with SE is reported as 0-0.3 dB.
Observation 2: The extension factor α can be considered as a tradeoff between the achievable reduction of MPR/PAR and the achievable spectral efficiency.

Proposals:
Proposal 1: Support to wait for RAN plenary guidance based on RAN4’s outcomes.
Proposal 2: If FDSS with SE is supported, take symmetric extension.
Proposal 3: If FDSS with SE is supported, determine SE size based on an extensions factor α, where it is given by spectrum extension size / total allocation size. 
· SE size is expressed in integer units of RBs
Proposal 4: If tone reservation is supported, determine sideband tone reservation size based on an extensions factor α, where it is given by spectrum extension size / total allocation size. 
· Sideband tone reservation size is expressed in integer units of RBs.
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