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1. [bookmark: _Ref521334010]Introduction
One of the objectives in Rel-18 further NR coverage enhancements WID [1] is power domain enhancements 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)


In this contribution, we provide our views on enhancements to reduce MPR/PAR.
2. Discussion
According to the following agreement, it was agreed that at least pi/2-BPSK and QPSK modulation are considered for power-domain enhancements targeting MPR/PAR reduction and FFS higher modulation orders.
	Agreement
For power-domain enhancements targeting MPR/PAR reduction, study the following configurations for DFT-S-OFDM:
· At least pi/2-BPSK and QPSK modulation are considered
· FFS: other modulations, e.g., 16-QAM
· Any number of RB can be considered
· The starting RB of the allocation can be any RB in the BWP 
· FFS:
· Whether restrictions on the number of allocated RB or on the starting RB of the allocation are considered.



It is more reasonable for coverage limited UEs to use a relatively low modulation order to achieve better transmission performance. Hence, modulation orders higher than QPSK, e.g. 16 QAM, should not be considered for MPR/PAR reduction. In addition, as mentioned in [2][3], FDSS without spectrum extension with pi/2-BPSK has been extensively studied and provides more significant PAR reduction compared with FDSS with spectrum extension. Hence, we do not think any further enhancements are needed for pi/2-BPSK. 
Proposal 1: For power-domain enhancements targeting MPR/PAR reduction, only QPSK modulation is considered for DFT-s-OFDM.

The simulations in this contribution focus on the following QPSK cases in Table 1, wherein Case 3 and Case 4 are the ones agreed in RAN1#111 meeting [4]. However, for the configurations with spectrum extension factor 1/8 agreed in RAN1#111 meeting [4], the numbers of PRBs before extension, i.e. 14 and 28 cannot fulfil the requirement of  , where , ,  is a set of non-negative integers. Hence, we replace the spectrum extension factor 1/8 with spectrum extension factor 1/9 for Case 1 and Case 2 in Table 1.


[bookmark: _Ref127300544]Table 1: Simulation cases of FDSS
	Case
	TBS value
	Tput estimation for DDDSU @4GHz
	No spectrum extension
	With spectrum extension

	
	
	
	#PRBs
	MCS
	#PRBs before extension
	#PRBs after extension
	MCS
	Spectrum extension factor

	Case 1
	2664
	1065.6 kbps
	18
	7
	16
	18
	8
	1/9

	Case 2
	6016
	2406.4kbps
	36
	8
	32
	36
	9
	1/9 

	Case 3
	1032
	412.8 kbps
	8
	6
	6
	8
	8
	1/4

	Case 4
	1736
	694.6 kbps
	32
	2
	20
	32
	4
	3/8



Observation 1: The agreed number of PRBs before extension of 14 and 28 cannot fulfil the requirement of .

We first evaluate the PAPR and CM performance for DMRS and data considering different DMRS sequence generation options agreed in RAN1#111 meeting [4].
	Agreement
Study the PAPR/CM[/OBO] of DMRS with FDSS-SE, e.g., the following solutions:
· Option 1 - Based on low PAPR Type 1 DMRS sequence:
· 1-a:  A DMRS sequence is generated considering the number of PRBs in the inband + extension. The sequence length depends on the number of PRBs in the inband + extension.
· 1-b A DMRS sequence is generated considering the number of PRBs in the inband (no extension). The sequence length depends on the number of PRBs in the inband. The sequence is then cyclically extended to span the PRBs in the extension.
· 1-c A DMRS sequence is generated considering the number of PRBs in the inband (no extension). The sequence length depends on the number of PRBs in the inband. DMRS extension is applied similar to data to span the PRBs in the extension.
· Option 2 - Based on low PAPR type 2 DMRS sequence
· Variances like those of Option 1 can be referred
· Option 3 – For in-band DMRS lengths 6/12/18/24 symbols, DMRS sequence is obtained by DFT transformation of low PAPR sequence type 1. Then the sequence is extended to span the PRBs in the extension in the same way as data extension.
Note: Other solutions can be studied. Comparison with the three solutions above is encouraged. Sequence with different density between in-band and extension can be studied



The PAPR and CM of data and DMRS without FDSS, with FDSS without SE and with FDSS-SE for Case 3 in Table 1 are shown in Figure 1. 3-tap filter with factors (0.335, 1, 0.335) is assumed and other simulation assumptions can be found in Appendix. 
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[bookmark: _Ref127302230]Figure 1: PAPR and CM for no FDSS and FDSS with and without SE (QPSK, 6+2 PRBs, SE factor = 1/4).

The PAPR and CM@10% CCDF of data and DMRS are summarized in Table 2.
[bookmark: _Ref127449159]Table 2: PAPR and CM performance under case 3
	
	No FDSS
	FDSS w/o SE
	FDSS-SE

	PAPR
(dB)
	Data
	6.36
	4.33
	3.3

	
	DMRS
	Option 1-a
	5.02
	3.67
	3.67

	
	
	Option 1-b
	
	
	2.23

	
	
	Option 1-c
	
	
	4.09

	CM
(dB)
	Data
	1.57
	1.72
	0.69

	
	DMRS
	Option 1-a
	1.78
	1.88
	1.88

	
	
	Option 1-b
	
	
	0.11

	
	
	Option 1-c
	
	
	1.04



For FDSS without SE, it is observed that both CM of data and DMRS are increased.
For FDSS with SE, the DMRS sequences generated according to different options are different. The DMRS sequence in Option 1-a is equivalent as DMRS in FDSS without SE. For Option 1-b, a DMRS sequence is generated based on the number of PRBs in the inband and then cyclically extended to the PRBs in the extension band, i.e. the same logic of cyclically extending Zadoff-Chu sequence to generate DMRS in the inband is reused for the extension band. The characteristic of low PAPR can be reserved. For Option 1-c, a DMRS sequence is generated based on the number of PRBs in the inband and then extended to the PRBs in the extension band similar to data, e.g. symmetric extension. In this case, considering the cyclic extension has already been performed based on Zadoff-Chu sequence to generate a DMRS sequence in the inband, directly copying the PRBs on both edges in the inband to the extended PRBs will destroy the continuity of the Zadoff-Chu sequence and increase the PAPR. 
It is observed that both Option 1-a and Option 1-c lead to worse PAPR/CM of DMRS compared with PAPR/CM of data. Similar observations can be obtained under all cases provided in Table 1 based on the PAPR and CM performance results in Table 3 and appendix.
Observation 2: FDSS without SE increases CM of data and DMRS.
Observation 3: For FDSS with SE, DMRS generation Option 1-a and Option 1-c lead to worse PAPR/CM of DMRS compared with PAPR/CM of data.

The BLER performances of no FDSS and different FDSS schemes for Case 3 in Table 1 are shown in Figure 2. The excess bands are dropped at the receiver side.
 [image: ]
[bookmark: _Ref127375510]Figure 2: BLER for no FDSS and FDSS with and without SE (SE factor = 1/4).
[bookmark: _GoBack]Obvious performance degradation can be observed for FDSS with or without SE. To be specific, 2.42dB and 2.12dB degradation @10% BLER are observed for FDSS without SE and FDSS-SE respectively.
The PAPR, CM and BLER performance for cases in Table 1 are summarized in Table 3, where DMRS Option 1-b is assumed, i.e. PAPR/CM of DMRS is always lower than that of data so that PAPR and CM in the table are that of data. Each value indicates the gap between different FDSS schemes compared with no FDSS.
[bookmark: _Ref127371995]Table 3: PAPR, CM and BLER performance gap under different configurations and FDSS schemes
	
	FDSS scheme
	1% CCDF
ΔPAPR
	1% CCDF
ΔCM
	ΔSNR@10%BLER

	8 PRB  MCS8
SE 1/4
	FDSS w/o SE
[0.28 1 0.28]
	-1.93
	-0.02
	1.91

	
	FDSS w/o SE
[0.335 1 0.335]
	-2.03
	0.15
	3.02

	
	FDSS w/ SE
[0.28 1 0.28]
	-3.06
	-1.1
	2.12

	
	FDSS w/ SE
[0.335 1 0.335]
	-3.06
	-0.88
	2.42

	32 PRB  MCS4
SE 3/8
	FDSS w/o SE
[0.28 1 0.28]
	-2.34
	-0.03
	0.93

	
	FDSS w/o SE
[0.335 1 0.335]
	-2.51
	0.13
	1.34

	
	FDSS w/ SE
[0.28 1 0.28]
	-4.14
	-1.32
	0.86

	
	FDSS w/ SE
[0.335 1 0.335]
	-4.41
	-1.32
	0.82

	36 PRB  MCS9
SE 1/9
	FDSS w/o SE
[0.28 1 0.28]
	-2.39
	-0.04
	2.78

	
	FDSS w/o SE
[0.335 1 0.335]
	-2.56
	0.13
	4.33

	
	FDSS w/ SE
[0.28 1 0.28]
	-2.99
	-0.42
	2.62

	
	FDSS w/ SE
[0.335 1 0.335]
	-3.03
	-0.23
	3.85

	18 PRB  MCS8
SE 1/9
	FDSS w/o SE
[0.28 1 0.28]
	-2.21
	-0.03
	2.88

	
	FDSS w/o SE
[0.335 1 0.335]
	-2.35
	0.13
	4.36

	
	FDSS w/ SE
[0.28 1 0.28]
	-2.78
	-0.43
	3.8

	
	FDSS w/ SE
[0.335 1 0.335]
	-2.82
	-0.23
	4.41



Observation 4: FDSS without SE and FDSS with SE degrade BLER performance.
Proposal 2: Provide the simulation results to RAN4 for net gain evaluation.

3. Conclusions
In this contribution, we discussed power domain enhancements with the following observations and proposals.
Observation 1: The agreed number of PRBs before extension of 14 and 28 cannot fulfil the requirement of .
Observation 2: FDSS without SE increases CM of data and DMRS.
Observation 3: For FDSS with SE, DMRS generation Option 1-a and Option 1-c lead to worse PAPR/CM of DMRS compared with PAPR/CM of data.
Observation 4: FDSS without SE and FDSS with SE degrade BLER performance.

Proposal 1: For power-domain enhancements targeting MPR/PAR reduction, only QPSK modulation is considered for DFT-s-OFDM.
Proposal 2: Provide the simulation results to RAN4 for net gain evaluation.
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Appendix
Table 4: simulation assumptions
	Channel 
	PUSCH, 14 symbols 

	Carrier frequency and scenario
	4GHz (Urban), 

	Channel BW
	100MHz for Urban

	SCS
	30 kHz (4GHz), 
 

	Channel model
	TDL-C 300ns for FR1 Urban (4GHz), 

	UE speed
	3km/h

	Waveform
	According to agreements

	Modulation
	According to agreements

	Number of Tx antennas
	1, 

	Number of Rx antennas
	4 for FR1 Urban,  

	Number of DMRS symbols
	2

	Number of PUSCH data symbols
	12

	HARQ configuration
	No retransmissions

	Frequency hopping
	Disabled

	Number of PRBs
	Reported by companies

	MCS
	Chosen as a function of the number of PRBs to guarantee same spectral efficiency between MPR/PAR reduction solutions and baseline/benchmarks as per agreements

	Extension factor [FDSS-SE] / sideband size [TR] (α)
	[1/9, 1/4, 3/8] is encouraged. 

	BLER
	10%
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Figure 3: PAPR and CM for no FDSS and FDSS with and without SE (QPSK, 16+2 PRBs, SE factor = 1/9).

[image: ][image: ]
[image: ] [image: ]
Figure 4: PAPR and CM for no FDSS and FDSS with and without SE (QPSK, 32+4 PRBs, SE factor = 1/9).
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Figure 5: PAPR and CM for no FDSS and FDSS with and without SE (QPSK, 6+2 PRBs, SE factor = 1/4).
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Figure 6: PAPR and CM for no FDSS and FDSS with and without SE (QPSK, 20+12 PRBs, SE factor = 3/8).
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Figure 7: BLER for no FDSS and FDSS with and without SE with different SE factors.
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