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Introduction
In RAN#96, the revised WI for Rel-18 further NR coverage enhancements has been approved [1]. The objectives related to RAN4 are highlighted as below.
	The detailed objectives of the work item are as follows:
· Specify following PRACH coverage enhancements (RAN1, RAN2)
· Multiple PRACH transmissions with same beams for 4-step RACH procedure
· Study, and if justified, specify PRACH transmissions with different beams for 4-step RACH procedure
· Note 1: The enhancements of PRACH are targeting for FR2, and can also apply to FR1 when applicable.
· Note 2: The enhancements of PRACH are targeting short PRACH formats, and can also apply to other formats when applicable.
·  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)
·  Specify enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM (RAN1)


In this contribution, we would like to share our views regarding this WI from RAN4 perspective.
Discussion
On the enhancements to UE power high limit
According to the WID, the objective for the first part of power domain enhancements is:
	· 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



As the outcome of the related RAN4 Rel-17 discussion, 23dBm + 26dBm (26dBm + 26dBm has already been supported by PC1.5) has been enabled as another UE high power limit for CA and DC. The details can be found in the agreed CR [2]. For a UE which could indicate [HigherPowerLimitCADC] capability, it is allowed to report a different power class by [powerClassPerBand] for a certain band under an eligible CA/DC band combination. Besides, the PPowerClass,CA for such type of UE is allowed to be replaced from 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 to the 10 log10 ∑ pPowerClass,c, where pPowerClass,c is the linear value of the maximum UE power for serving cell c specified in Table 6.2.1-1 according to [powerClassPerBand] if indicated or ue-PowerClass otherwise without taking into account the tolerance. In short, such UE is enabled to transmit a higher power according to the sum of the maximum power in each CC.
Observation: There seems no other aspect can be enhanced since RAN4 have finished the work on increasing UE power high limit for CA and DC in Rel-17.
Thus we think more clarification of this objective is expected. 
Proposal 1: What could be further enhanced 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 Rel-18 should be clarified. 
On the enhancements to reduce PAR/MPR
According to the WID, the objective for the second part of power domain enhancements is:
	· Enhancements to reduce MPR/PAR, including frequency domain spectrum shaping with and without spectrum extension for DFT-S-OFDM and tone reservation (RAN4, RAN1)



As we can see, two techniques are mentioned for MPR/PAR reduction of DFT-s-OFDM signal:
· FDSS (frequency domain spectrum shaping)
· With spectrum extension
· Without spectrum extension
· TR (tone reservation)
FDSS w/wo spectrum extension
Regarding the FDSS with/without spectrum extension, the following diagram for transmitter can be used for better explanation. 
[image: ]
Figure 1. FDSS w/wo SE’s potential impact to transmitter
From our understanding, spectrum shaping might not be a brand new thing since it has been studied for pi/2-BPSK.  Recall the RAN4 related discussion in Rel-17, some agreements can be found as recorded in the latest status report [3]:
	The main agreements from this SI are as follows:
· For PC2 power boosting above MPR0 it was agreed that for 1Tx PC2 PAs, MRP relative to 29dBm should be less than or equal to 2dB. This MPR is limited to a certain set of RB allocations.
· To guarantee SAR compliance and to reduce strain on the PA it was agreed that for a 1dB power boost above PC2 the UL duty cycle would be limited to a maximum value of 25%.
· Maintain spectral flatness specifications established in Rel-16.
· Both data and DMRS would be filtered, and that the choice of filter is up to UE implementation and transparent to the network as it was in Rel-16.


As we can observe, both data and DMRS would be filtered. In this regard, the actual power boosting gain can be obtained. As for Rel-18, we think this should still be taken into consideration for the future RAN4 evaluation.
Proposal 2: The following agreement in Rel-17 pi/2-BPSK SI should be inherited for the evaluation in this Rel-18 WI:
· Both data and DMRS would be filtered.
Another important thing is that the choice of filter is up to UE implementation and transparent to the network. This should also be considered in Rel-18 since it will minimize the impact to the UE/BS implementation.
Proposal 3: The Rel-18 FDSS mechanism should still be up to UE implementation and transparent to the network, in order to minimize the impact to both UE and BS implementation. 
As for the receiver in Figure 2, situation could be different depends on the algorithm design. For example, if the spectrum extension will be applied at transmitter and the pattern can be known by receiver, then extended part can be used for some sort of combination operation with the corresponding data for better performance. Or the extended part could be directly dropped, which could be the most straight forward implementation.  
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Figure 2. FDSS w/wo SE’s potential impact to receiver
Anyway from RAN4 perspective, we think RAN4 evaluation should not be triggered until RAN1 can converge and provide enough inputs about the FDSS w/wo SE and TR.
Proposal 4: RAN4 evaluation should not be triggered until RAN1 can converge and provide enough inputs about the FDSS w/wo SE and TR for DFT-s-OFDM. 
Conclusion
In this contribution we discussed on the Rel-18 further enhancement for NR UL coverage, we have the following observation and proposals: 
Observation: There seems no other aspect can be enhanced since RAN4 have finished the work on increasing UE power high limit for CA and DC in Rel-17.
Proposal 1: What could be further enhanced 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 Rel-18 should be clarified.
Proposal 2: The following agreement in Rel-17 pi/2-BPSK SI should be inherited for the evaluation in this Rel-18 WI:
· Both data and DMRS would be filtered.
Proposal 3: The Rel-18 FDSS mechanism should still be up to UE implementation and transparent to the network, in order to minimize the impact to both UE and BS implementation. 
Proposal 4: RAN4 evaluation should not be triggered until RAN1 can converge and provide enough inputs about the FDSS w/wo SE and TR for DFT-s-OFDM. 
References
[1] RP-221858, “Revised WID on Further NR coverage enhancements”, China Telecom, 3GPP TSG-RAN Meeting #96, Budapest, Hungary, June 6 – 9, 2022.
[2] R4-2210767, “Increasing the maximum power limit for inter-band UL CA”, Qualcomm Incorporated, Verizon, Vodafone, Deutsche Telekom, US Cellular, T-Mobile USA, AT&T, China Unicom, NTT DOCOMO, INC., China Telecom, Nokia, Nokia Shanghai Bell, Cable Labs, Charter Communications, Inc., Dish Network, Skyworks Solutions, Inc., ZTE, Huawei, HiSilicon3GPP TSG-RAN4 Meeting #103-e, Electronic Meeting, May 9 – 20, 2022.
[3] RP-220136, “Study on optimizations of pi/2 BPSK uplink power in NR”, Qualcomm, 3GPP TSG-RAN Meeting #95e, Electronic Meeting, March 17 – 23, 2022.
3GPP
image1.png
Data/DMRS

DFT
transform

FDSS Filter
wiwo
Spectrum
extension

Mapping to
sub-carrier

IFFT
transform

DFT-s-OFDM
signal





image2.png
Channel

Estimation
IDFT Additional module . De-mapping FFT Receiving
for spectrum <+— Equalization |« 4 j<--1 N
transform from sub-carrier transform signal

extension





