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Introduction
A new Rel-18 WI on further coverage enhancement [1] was approved in RAN#94e. one of the objectivce of this WI is to improve PRACH coverage.
· 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 discuss the aspect of PRACH repetition and give our proposals.
Discussion on UE power high limit for CA/DC
RAN4 CRs on increasing UE power high limit for CA and DC were agreed in [2][3]. With the agreed CRs, for a UE supporting 23dBm in band A and 26dBm in band B, the total transmission power can exceed the 26dBm for high power limit capable UE, as showing in below.  
	6.2A.4.1.3	Configured transmitted power for Inter-band CA
…….
The total configured maximum output power PCMAX shall be set within the following bounds:
	PCMAX_L ≤ PCMAX ≤ PCMAX_H
For uplink inter-band carrier aggregation with one serving cell c per operating band when same slot symbol pattern is used in all aggregated serving cells,
	PCMAX_L = MIN {10log10∑ MIN [ pEMAX,c/ (tC,c),  pPowerClass.c/(MAX(mprc·∆mprc, a-mprc)·tC,c ·tIB,c·tRxSRS,c) , pPowerClass,c/pmprc], PEMAX,CA, PPowerClass,CA-ΔPPowerClass, CA}
	PCMAX_H = MIN{10 log10 ∑ pEMAX,c , PEMAX,CA, PPowerClass,CA-ΔPPowerClass, CA}
where
-	pEMAX,c is the linear value of PEMAX, c which is given by IE P-Max for serving cell c in [7];
-	PPowerClass,CA is the maximum UE power specified in Table 6.2A.1.3-1 without taking into account the tolerance specified in the Table 6.2A.1.3-1; If the UE indicates [HigherPowerLimitCADC] for an eligible CA configuration as specified in Table 6.2A.1.3-1 and ΔPPowerClass, CA = 0, PPowerClass,CA is replaced by 10 log10 ∑ pPowerClass,c.


For the type1 PHR calculation, according to current specification 38.213, it is based on Pcmax, where the Pcmax determination is referring to the 38.101. Any update on 38.101 would imply to apply to RAN1 power control and PHR report.
	[bookmark: _Toc12021458][bookmark: _Toc20311570][bookmark: _Toc26719395][bookmark: _Toc29894826][bookmark: _Toc29899125][bookmark: _Toc29899543][bookmark: _Toc29917280][bookmark: _Toc36498154][bookmark: _Toc45699180][bookmark: _Toc106629420]7.7.1	Type 1 PH report
If a UE determines that a Type 1 power headroom report for an activated serving cell is based on an actual PUSCH transmission then, for PUSCH transmission occasion  on active UL BWP  of carrier  of serving cell , the UE computes the Type 1 power headroom report as 
[image: ] [dB]
where , , , , ,  and  are defined in clause 7.1.1. 
……
If the UE determines that a Type 1 power headroom report for an activated serving cell is based on a reference PUSCH transmission then, for PUSCH transmission occasion  on active UL BWP  of carrier  of serving cell , the UE computes the Type 1 power headroom report as
	[image: ] [dB]
where  is computed assuming MPR=0 dB, A-MPR=0 dB, P-MPR=0 dB. TC = 0 dB. MPR, A-MPR, P-MPR and TC are defined in [8-1, TS 38.101-1], [8-2, TS 38.101-2] and [8-3, TS 38.101-3]. The remaining parameters are defined in clause 7.1.1 and, if ul-powerControl is not provided,  and  are obtained using  and p0-PUSCH-AlphaSetId = 0,  is obtained using pusch-PathlossReferenceRS-Id = 0, and .



Observation: From RAN1 perspective, the current power control and PHR mechanism already support the RAN4 defined increasing maximum power limit.
For further enhancement to support increasing maximum power limit in CA/DC, the PHR reporting enhancement for duty cycle and P-MPR reporting related enhancement could be useful, but all these aspects are falling into RAN4 expertise. RAN1 need more RAN4 inputs to progress on enhancement on increasing maximum power limit.
Proposal 1: More RAN4 inputs are required to progress in RAN1 on enhancement on increasing maximum power limit.
Discussion on PAPR reduction
Another aspect enhancement on power domain is to reduce the PAPR. The PAPR reduction could enhance the UE PA efficiency, therefore the UL coverage could be improved. Spectrum shaping could lead to lower PAPR for UL channel, it was extensively discussion in Rel-15 with Pi/2 BSPK. Specification transparent spectrum shaping was agreed in [4]. Basic principle of frequency domain spectrum shaping (FDSS) is spectrum shaping filtering is inserted in the frequency domain between the DFT and IFFT in the DFT-S-OFDM transmitter to reduce the PAPR. In addition, different FDSS schemes were discussed in Rel-15, i.e., spectrum shaping with BW extension, spectrum shaping without BW extension. 
For spectrum shaping with BW extension scheme, the allocated PUSCH resources are extended according to the filter roll-factor. From standard perspective, FDSS could be categorized as specification transparent spectrum shaping and specification non-transparent spectrum shaping. The main difference is how to process the DMRS signal. If DMRS signal doesn’t go through the spectrum shaping filter, the gNB receiver need know the spectrum shaping filter to perform the equalization for the composite channel. The spectrum shaping filter need to be specified in the specification. For the specification transparent spectrum shaping, both data channel and DRMS signal pass through the spectrum shaping filter, in this case the filter can be treated as part of the channel. The gNB receiver doesn’t need to know the type of spectrum shaping filter.
To further reducing the PAPR, the higher modulation order, i.e., QPSK, with spectrum shaping can be considered. 
The PAPR performance of QPSK with spectrum shaping need to be evaluated. As FDSS was already supported in Rel-15, the specification and implementation impacts should be considered as well.
Proposal 2: RAN1 to evaluate the QPSK spectrum shaping performance with and without bandwidth extension. 
Summary
In this contribution, we discuss the power domain coverage enhancement, and have the following observation and proposals:
Observation: From RAN1 perspective, the current power control and PHR mechanism already support the RAN4 defined increasing maximum power limit.
Proposal 1: More RAN4 inputs are required to progress in RAN1 on enhancement on increasing maximum power limit.
Proposal 2: RAN1 to evaluate the QPSK FDSS performance with and without bandwidth extension. 
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