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Introduction
In last RAN4 meeting, the following FFS points have been achieved as in WF [1].
	Extension factor for extension/reservation factor
· Extension/reservation factors in evaluations are 0 – 0.375 for spectrum extension, which can be further limited to a certain range according to some other factors, e.g., modulations etc., if needed.
· Extension/reservation factor (α) as Excess band size / Total allocation, where 
· Inband size: Occupied REs after DFT-block
· Excess/reserved band size: The amount of spectrum extension.
· Total allocation size (Inband size + Excess/reserved band size): Occupied REs after spectrum extension 
ACLR
· Define ACLR requirement according to power class also with power boost, e.g., if power class 3 is boosted and to be equivalent to power class 2, the ACLR of power class 3 should apply
Net gain
· Further discuss net gain evaluation metric
· Companies are encouraged to describe a metric used for net gain evaluation
FDSS QPSK w/o SE
· For QPSK, the necessity of FDSS without spectrum extension should be further evaluated with a following observation
· According to R4-2218240/R4-2218239/ R4-2218878/ R4-2219795, it’s encouraged to further evaluate if FDSS QPSK w/o SE with [1 0.28] and FDSS RRC has net gain in outer region


In this contribution, we would like to share our simulation results of solutions for Rel-18 further enhancements to reduce MPR&PAR and take the information that conveyed by communications between RAN1 and RAN4 [2, 3] into consideration. 
Discussion
Analysis on MPR&PAR reduction schemes 
According to the latest agreements on the work split, it is RAN4 responsibility to make the final decision on the applicable solution(s) for further coverage enhancement. Thus at this stage, we would like to provide specific analysis based on extensive simulation results to fully evaluate following candidate solutions from different angles:
· FDSS (transparent)
· FDSS + spectrum extension (non-transparent)

Modulation order
It should be noted that the spectrum shaping for pi/2-BPSK has already been studied since early release. So for pi/2-BPSK, the necessity for further enhancement should be justified first. Consequently, we conduct evaluation for pi/2-BPSK with DFT-s-OFDM waveform, simulation assumptions can be found as in Appendix. The gap of cubic metric (CM) performance is used to measure the gain of FDSS with SE comparing to FDSS w/o SE.
Table 1: CM@1e-2 of π/2-BPSK with DFT-s-OFDM with FDSS + SE, comparing to FDSS w/o SE, 4 RB allocations
	
	SE ratio

	
	12.5%
	25%
	37.5%

	TRRC1(0.5, -0.65)
	0.11
	0.02
	-0.67

	TRRC2(0.5,0.1667)
	0.24
	-0.15
	-0.9

	3 tap1(-0.28, 1, -0.28)
	0.07
	-0.02
	-0.64

	3 tap2(-0.335,1, -0.335)
	0.12
	0.1
	-0.33


Table 2: CM@1e-2 of π/2-BPSK with DFT-s-OFDM with FDSS + SE, comparing to FDSS w/o SE, 8 RB allocations
	
	SE ratio

	
	12.5%
	25%
	37.5%

	TRRC1(0.5, -0.65)
	0.05
	-0.05
	-0.71

	TRRC2(0.5,0.1667)
	0.17
	-0.26
	-0.98

	3 tap1(-0.28, 1, -0.28)
	0.06
	-0.04
	-0.6

	3 tap2(-0.335,1, -0.335)
	0.13
	0.1
	-0.29


One thing should be aware of is that spectrum extension will decrease the available RB resources for mapping coded symbols and equivalently increase the channel coding rate. As a result, CM performance gain must come at the cost of BLER performance loss. But we can observe from the above two tables that FDSS with SE can only provide very limited or even negative gain comparing to FDSS w/o SE. Furthermore, the following MPR simulation result can approve the same thing. In Figure 1, the “MPR[dB]” represents the transmission power offset on top of 23dBm (PC3) that the UE can apply for meeting all existing RF requirements e.g., SEM, ACLR and EVM for a specific combination of RB allocation number and start position within the channel bandwidth. For SE ratio, 1/4 is used.
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Figure 1. Evaluation results on MPR gain for pi/2-BPSK
Hence, it is not necessary to further enhance pi/2-BPSK with FDSS with SE.
Observation 1: For pi/2-BPSK with DFT-s-OFDM waveform, FDSS with SE only provides very limited or even negative performance gain comparing to FDSS w/o SE. 
Proposal 1: In Rel-18, do not consider further coverage enhancements for pi/2-BPSK, while RAN4 could focus on QPSK.
MPR performance
For the rest of our contribution we only consider QPSK with DFT-s-OFDM for simulation. In addition, we also consider combinations of different variables including FDSS filter, spectrum extension ratio, SCS, channel bandwidth and RB allocation number. Some representative cases are selected out of infinite combinations of those configurations.
Table 3: Representative cases for MPR gain evaluation
	
	Number of PRB before extension
	Number of PRB after extension
	Extension ratio
	FDSS

	Case #1
	16
	0%
	None (baseline)

	
	16
	0%
	TRRC1(0.5, -0.65)

	
	16
	0%
	TRRC2(0.5, 0.1667)

	
	16
	0%
	TRRC3(0.63, -0.24)

	
	14
	16
	1/8
	TRRC3(0.63, -0.24)

	
	12
	16
	1/4
	TRRC1(0.5, -0.65)

	
	12
	16
	1/4
	TRRC2(0.5, 0.1667)

	Case #2
	8
	0%
	None (baseline)

	
	8
	0%
	TRRC1(0.5, -0.65)

	
	8
	0%
	TRRC2(0.5, 0.1667)

	
	8
	0%
	TRRC3(0.63, -0.24)

	
	7
	8
	1/8
	TRRC3(0.63, -0.24)

	
	6
	8
	1/4
	TRRC1(0.5, -0.65)

	
	6
	8
	1/4
	TRRC2(0.5, 0.1667)

	Case #3/#4
	24
	0%
	None (baseline)

	
	24
	0%
	TRRC1(0.5, -0.65)

	
	24
	0%
	TRRC2(0.5, 0.1667)

	
	24
	0%
	TRRC4(0.62, -0.76)

	
	24
	0%
	TRRC5(0.78, -0.3)

	
	20
	24
	1/6
	TRRC5(0.78, -0.3)

	
	18
	24
	1/4
	TRRC1(0.5, -0.65)

	
	18
	24
	1/4
	TRRC2(0.5, 0.1667)

	
	16
	24
	1/3
	TRRC4(0.62, -0.76)

	Case #5
	36
	0%
	None (baseline)

	
	36
	0%
	TRRC1(0.5, -0.65)

	
	36
	0%
	TRRC2(0.5, 0.1667)

	
	36
	0%
	TRRC6(0.56, -0.05)

	
	32
	36
	1/9
	TRRC6(0.56, -0.05)

	
	27
	36
	1/4
	TRRC1(0.5, -0.65)

	
	27
	36
	1/4
	TRRC2(0.5, 0.1667)
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    Case #3                     Case #4                     Case #5
[bookmark: _Ref117964679]Figure 2. Evaluation results on MPR gain, 20MHz CBW  
In Figure 2, 1/3, 1/4, 1/8 and 1/9 are used for SE ratio. We can observe that the gain from FDSS operation is very limited or even negative, while spectrum extension operation can provide power boosting gain at least for inner RB allocations. As for outer RB allocations, gain could be expected if the suitable combination of FDSS filter and spectrum extension ratio could be selected based on RB allocation, which can be left for implementation consideration, apparently.   
Observation 2: The MPR gain from FDSS w/o spectrum extension operation is very limited or even negative comparing to the MPR performance with QPSK DFT-s-OFDM waveform.
Observation 3: With multiple combinations of FDSS filter and spectrum extension ratio, for instance 1/3, 1/4, 1/8 and 1/9, the FDSS with spectrum extension operation can provide MPR gain for inner RB allocations and also for outer RB allocations if suitable combination of FDSS filter and spectrum extension ratio could be selected based on RB allocations.   
Coverage gain (“Net gain”)
As we have mentioned above, the MPR gain from those candidate solutions might be at the expense of higher demodulation SNR threshold. Consequently, we apply the following metric to measure the gain for candidate solution:
,
where ∆MPR is the transmission power gap derived by MPR performance and ∆SNR is the SNR gap for the satisfaction of the given BLER requirement. Unless otherwise stated, we take the BLER = 10-1 as the requirement. 
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 (a) TBS=1032                    (b) TBS=1204                    (c) TBS=2408
[bookmark: _Ref126155149]Figure 3. Coverage gain for different combinations of FDSS filter, SE ratio and TBSize
As depicted in Figure 3, FDSS with spectrum extension can provide 0.5~1dB coverage gain at least for inner RB allocations. So we have the following observation and proposal.
Observation 4: From coverage gain perspective, FDSS with spectrum extension can provide gain for both inner and outer RB allocations when suitable combination(s) of FDSS filter and spectrum extension ratio can be selected.  
Other spectrum extension schemes
According to RAN1 discussion, three extension methods have been agreed for studying:
•	Option 1: Symmetric extension 
•	Option 2: Cyclic extension
•	Option 3: Cyclic shift plus symmetric extension
Option 3 can be denoted as the following general formulation: 
	
	


where  is a sequence of frequency domain symbols, and  is the extended sequence.
For any value of , the original sequence of Fourier coefficient  as shown in Figure 4 is always included in the non-extended spectrum up to a cyclic-shift by  symbols; and the left-side extended symbols are always the repetition of symbols of the right-side non-extended edge; and similarly for the right-side. However, since corresponding inverse cyclic shift will be performed at receiver, no additional performance loss could be expected for this operation.


Figure 4. Illustration of spectrum-extended data sequence as a function of the shift parameter  with  symbols and =4 
Option 3 is proposed in order to optimize the cyclic shift as a function of the number of REs used for data (), and the number REs used for SE (). We found that , where  is rounding to the closest integer, can provide even better performance than symmetric spectrum extension for QPSK, which is explained below.
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Figure 5. MPR performance comparison, 16 RB allocations
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Figure 6. MPR performance comparison, 24 RB allocations
As shown in the above two figures, cyclic shift on with symmetric extension can provide additional MPR gain compared to no cyclic shift for inner RB allocation. Thus FDSS with spectrum extension and cyclic shift should be considered for further coverage enhancement towards QPSK with DFT-s-OFDM waveform as well.
Observation 5: Cyclic shift on with symmetric extension can provide additional MPR gain compared to no cyclic shift for inner RB allocation.  
Proposal 2: Consider FDSS with cyclic shift plus symmetric extension as the candidate solution for further coverage enhancement towards QPSK with DFT-s-OFDM waveform.  
Conclusion
In this contribution we discussed on the candidate solutions for further coverage enhancement, we have the following observations and proposals: 
Observation 1: For pi/2-BPSK with DFT-s-OFDM waveform, FDSS with SE only provides very limited or even negative performance gain comparing to FDSS w/o SE. 
Observation 2: The MPR gain from FDSS w/o spectrum extension operation is very limited or even negative comparing to the MPR performance with QPSK DFT-s-OFDM waveform.
Observation 3: With multiple combinations of FDSS filter and spectrum extension ratio, for instance 1/3, 1/4, 1/8 and 1/9, the FDSS with spectrum extension operation can provide MPR gain for inner RB allocations and also for outer RB allocations if suitable combination of FDSS filter and spectrum extension ratio could be selected based on RB allocations.
Observation 4: From coverage gain perspective, FDSS with spectrum extension can provide gain for both inner and outer RB allocations when suitable combination(s) of FDSS filter and spectrum extension ratio can be selected  
Observation 5: Cyclic shift on with symmetric extension can provide additional MPR gain compared to no cyclic shift for inner RB allocation.  
Proposal 1: In Rel-18, do not consider further coverage enhancements for pi/2-BPSK, while RAN4 could focus on QPSK.
Proposal 2: Consider FDSS with cyclic shift plus symmetric extension as the candidate solution for further coverage enhancement towards QPSK with DFT-s-OFDM waveform.
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Appendix
Table. Basic Simulation Assumptions for FR1
	Parameter
	Value

	Channel
	PUSCH, 14 symbols

	Channel BW
	20MHz / 100MHz

	SCS
	15kHz / 30 kHz

	Number of Tx
	1

	Number of DMRS symbols
	2

	Number of PUSCH data symbols
	12

	FDSS
	3-tap1 filter[-0.28,1,-0.28]
3-tap2 filter[-0.335,1,-0.335]
TRRC1(
TRRC2(



MPR gain results for 100MHz channel bandwidth with 30kHz SCS
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Case #5
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