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Introduction
Increased coverage can improve the quality of service and can reduce the CAPEX and OPEX of an operator. This motivated to enhance NR coverage in both Rel-17 and Rel-18 by specifying multiple techniques. In Rel-17, enhancements of PUSCH repetition Type A, TB over multiple slots and joint channel estimation over multiple PUSCH transmissions were supported. Furthermore, PUCCH enhancements and Type A PUSCH repetition for Msg3 were also specified. In Rel-18, repetitions of PRACH to improve PRACH coverage was introduced; dynamic waveform switching between DFT-s-OFDM and CP-OFDM will be specified and enhancements to realize increasing UE power is being discussed. In this contribution, we discuss our view on NR coverage enhancements for Rel-19.
Uplink coverage enhancements in Rel-19
2.1. Motivation 
Enhanced coverage has the potential to reduce the CAPEX and OPEX of operators. In NR, uplink coverage remains the bottleneck in most of the scenarios. To increase the coverage of uplink transmission, one straightforward solution is to increase the transmit power. The issue with increasing the transmission power is that it will increase the interference on adjacent channels. The interference on adjacent channels is due to the imperfections of the waveform such as adjacent channel leakage, in-band emission, and out-of-band emission. To allow the UE to transmit with higher power, techniques to reduce the leakage/imperfections of the waveform can be considered. Such leakage can be caused by operating close to the non-linear region of the Power amplifier (PA). Reducing PAPR allows the UE to transmit with higher power while operating in the linear region of the PA, Two PAPR reduction techniques were studied and evaluated during coverage enhancements WI in Rel-18: FDSS with and without spectrum extension as well as Tone Reservation. 
Frequency Domain Spectrum shaping (FDSS) is a technique that is applied to DFT-s-OFDM signal to reduce the PAPR of the transmission. A shaping filter is applied to the signal. In case of FDSS without spectrum extension, no additional frequency resources are used. For the case of FDSS with spectrum extension, the filter uses additional frequency resources on top of frequency resources used for data. The additional frequency resources are symmetric extension added on each edge of the frequency resources reserved for data transmission. 
Tone reservation is a technique that can reduce the Peak to Average Power Ratio (PAPR) of a transmission. This can be achieved by using additional resources in frequency domain. The original signal carrying data intended for transmission has some peaks that causes high PAPR. To reduce the peak of the original signal, a cancelation signal is added to the original signal using additional resources in frequency domain. The peak of the sum of the signals is thus reduced providing lower PAPR of the sum of the signals. By reducing the PAPR, higher transmission power can be achieved and consequently higher coverage for the transmission. 
BLER and PAPR evaluation of FDSS and TR were presented in [1] and copied in the Table below:


Table 1 BLER and PAPR of tone reservation and FDSS-SE (compared to Rel-17 baseline)
	
	Tone reservation
	FDSS-SE

	Config. #
	SINR loss
	PAPR gain
	SINR loss
	PAPR gain

	1
	0.93
	2.29
	1.92
	2.92

	2
	0.9
	2.32
	2.14
	2.92

	3
	1.22
	3.11
	0.68
	3.35

	4
	1.95
	3.1
	1.91
	3.3

	5
	1.12
	3.13
	0.67
	3.36

	6
	1.6
	3.14
	1.58
	3.33

	7
	1.9
	3.27
	0.71
	4.02

	8
	1.3
	3.11
	0.85
	3.36

	9
	0.94
	3.14
	0.31
	3.37

	10
	1.51
	2.04
	0.84
	3.09

	11
	1.55
	2.07
	0.9
	3.11


As it can be seen from the results, both FDSS-SE and tone reservation provides PAPR gain that will allow the UE to increase its transmit power while not increasing the interference on adjacent channels. The PAPR gain can compensate the SINR loss and provide coverage gain for the uplink transmission. Depending on the scenario, FDSS-SE or Tone reservation can provide more gain. 
In R18, FDSS without spectrum extension is supported. FDSS without spectrum extension brings gains over Rel-17 baseline without RAN1 specification impact. FDSS-SE and tone reservation provide even larger gains (at least in some scenarios/allocations) but there was no time available for the additional specification effort in R18 when evaluations were completed.
Observation 1: 	Tone reservation and FDSS with spectrum extension shown to bring important PAR reduction compared to Rel-17 baseline.
2.2. Proposed Objective 
In our view, both FDSS-SE and tone reservation should be supported in Rel-19 to further enhance the coverage for uplink transmission. Depending on the operating scenario, one of the techniques can be enabled. The specification effort can focus on identifying when each technique can be enabled. Furthermore, work on specifying the spectrum extension size needed for both techniques for different RB allocation, DMRS sequence to be used as well as TB size are needed. The proposed objective on uplink coverage enhancement is as follow: 
Proposal 1:	A Rel-19 WI on Coverage enhancements includes objective to specify FDSS-SE and Tone Reservation for DFT-s-OFDM to reduce MPR/PAR [RAN1, RAN4].
Conclusion
In this contribution, R19 scope for coverage enhancements was discussed. The following observations and proposals are provided:

Observation 1: 	Tone reservation and FDSS with spectrum extension shown to bring important PAR reduction compared to Rel-17 baseline.
Proposal 1:	A Rel-19 WI on Coverage enhancements includes objective to specify FDSS-SE and Tone Reservation for DFT-s-OFDM to reduce MPR/PAR [RAN1, RAN4].
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Table 2 Simulation assumptions
	Channel Bandwidth
	100MHz 

	SCS
	30 kHz (4GHz)

	Channel model
	TDL-C 300ns for FR1 Urban

	UE speed
	3km/h

	Number of Tx antennas
	1

	Number of Rx antennas
	4

	PUSCH length 
	14 symbols (12 for data and 2 for DMRS)

	Frequency hopping 
	disabled

	FDSS filter
	[-0.28 1 -0.28]

	FDSS extension method
	Symmetric cyclical (RB based)



Table 3 Configuration parameters
	TBS value
	Number of PRBs before extension
	Number of PRBs after extension
	MCS (baseline)
	MCS (with extension)

	2408
	14
	16
	7
	8

	5376
	28
	32
	8
	9

	272
	6
	8
	0
	1

	1032
	6
	8
	6
	8

	2152
	30
	40
	2
	3

	4992
	30
	40
	6
	8

	1736
	20
	32
	2
	4

	432
	6
	8
	2
	3

	808
	18
	24
	0
	1

	272 (BPSK)
	6
	8
	0
	1

	808 (BPSK)
	18
	24
	0
	1
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