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Introduction
In last RAN4 meeting, following agreements have been achieved in WF [1] and RAN4 will collect simulation results based on the simulation assumptions in [2]. 
	Modulation order
Agreement: 
	QPSK is the targeted modulation for further coverage enhancements
		At least for simulation study
Applicability to FR1 and/or FR2
Agreement:
	 RAN4 shall evaluate both FR1 and FR2 scenarios.
Miscellaneous
Agreement:
	RAN4 shall prioritizes DFT-S-OFDM as a solution for coverage enhancements
		FFS on CP-OFDM if companies can show gains
	RAN4 shall not consider other channels and signals (than PUSCH and the associated DMRS)
	RAN4 shall not consider intra band UL CA scenario in Rel-18 WI


In this contribution, we would like to update 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 [3, 4, 5] into consideration. 
Discussion
Further analysis on MPR&PAR reduction schemes 
Considerations on MRC receiver
According to our previous analysis on MPR&PAR reduction schemes in [6], it is proven that FDSS with spectrum extension, as a non-transparent method, can provide considerable gain for both inner and outer RB allocations under suitable combination(s) of FDSS filter and spectrum extension ratio. One issue for the evaluation on FDSS with spectrum extension is that it might be reasonable to consider MRC receiver in order to have an overall observation on the gain, but whether to consider it from UE RF MPR requirement perspective should be further discussed.
Table 1: SNR degradation of basic receiver compared to MRC receiver under 4 RB allocations
	
	TRRC (0.5,0.1667)
	3tap (-0.28,1, -0.28)

	Code Rate
	SE ratio = 1/8
	SE ratio = 1/4
	SE ratio = 1/8
	SE ratio = 1/4

	1/8
	-0.11
	-0.35
	-0.17
	-0.33

	1/4
	-0.25
	-0.40
	-0.51
	-0.43

	1/2
	-0.25
	-0.43
	-0.33
	-0.53


Table 2: SNR degradation of basic receiver compared to MRC receiver under 8 RB allocations
	
	TRRC (0.5,0.1667)
	3tap (-0.28,1, -0.28)

	Code Rate
	SE ratio = 1/8
	SE ratio = 1/4
	SE ratio = 1/8
	SE ratio = 1/4

	1/8
	-0.13
	-0.41
	-0.08
	-0.25

	1/4
	-0.20
	-0.50
	-0.22
	-0.36

	1/2
	-0.30
	-0.53
	-0.35
	-0.70


Table 3: SNR degradation of basic receiver compared to MRC receiver under 32 RB allocations
	
	TRRC (0.5,0.1667)
	3tap (-0.28,1, -0.28)

	Code Rate
	SE ratio = 1/8
	SE ratio = 1/4
	SE ratio = 1/8
	SE ratio = 1/4

	1/8
	-0.47
	-0.59
	-0.45
	-0.55

	1/4
	-0.48
	-0.65
	-0.5
	-0.59

	1/2
	-0.59
	-0.75
	-0.68
	-0.8


The above three tables show the demodulation threshold degradation when MRC receiver is disabled. What can be comprehended is that when MRC receiver is not utilized, the extended part will be dropped directly, so up to 1dB loss can be observed especially with relatively high SE ratio and coding rate.     
Observation 1: Enabling MRC receiver could introduce ~0.5dB gain among certain combinations of filter coefficients, RB allocation number, spectrum extension ratio and coding rate. 
Obviously such loss is not negligible. Due to the fact that whether to consider MRC receiver is up to gNB implementation, we think the net gain evaluation should presume no MRC, since it will be reflected in the spec as new MPR requirements for FDSS with spectrum extension.     
Proposal 1: The MRC receiver should not be considered for the evaluation of the net gain towards spectrum extension scheme.   
Total gain (power boost gain minus BLER loss)
As agreed in [7], the power boost gain shall be reported comparing to the known baseline, i.e., “QPSK DFT-s-OFDM without any filter”. Besides, the net gain is defined as the power boost gain minus BLER loss. The simulation results are provided towards the following cases.
Table 4: Simulation cases as per the agreement in RAN1#112
	No spectrum extension
	With spectrum extension

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

	1
	8
	0
[only QPSK]
	6
	8
	1
[only QPSK]
	1/4

	2
	8
	6
	6
	8
	8
	1/4

	3
	40
	2
	30
	40
	3
	1/4

	4
	40
	6
	30
	40
	8
	1/4

	5
	[6
	3
	4
	6
	5
	1/3]

	6
	[36
	7
	32
	36
	8
	1/9]
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Figure 1. MPR performance for different cases that listed in table 4
Judging from the above figure, the power boost gain from FDSS is relatively small while spectrum extension can introduce considerable gain on top of it.
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Figure 2. Total gain for different cases that listed in table 4
As depicted in Figure 2, the total gain of FDSS with spectrum extension under QPSK could be varied for different MCS. For example, such gain for inner region can be 0.8dB~2dB. Note that the BLER loss that used in Figure 2 was derived based on MRC receiver, so we think ~1dB total gain can be considered for inner region.
Observation 2: Based on the simulation results towards the cases listed in Table 4, the total gain i.e., power boost gain minus BLER loss, can be around 1dB for inner region for QPSK under FDSS with spectrum extension, while the total gain from FDSS without spectrum extension is negligible.
Spectrum extension ratio
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 (a) MCS=0                    (b) MCS=4                    (c) MCS=7
Figure 3. An example on the total gain comparison between spectrum extension ratio 1/9 and 1/4
In Figure 3, we present the comparison of total gain between different spectrum extension ratios. If we observe the gain for edge/outer region, the extension ratio with better total gain is 1/4, while for inner region, the better extension ratio for lower MCS order is 1/9. 
Observation 3: The best extension ratio for different combination of MCS and RB allocation is different:
· for edge RB allocation, the best extension ratio maximizing the total gain is 1/4
· for inner RB allocation, when MCS index exceeds 4, extension ratio 1/9 shows better performance comparing to extension ratio 1/4.
Moreover, extension ratio 1/9 satisfies the DFT size restriction. Thus, extension ratios 1/4 and 1/9 should be supported to achieve the best performance for different MCS index and RB allocations.  
Proposal 2: To achieve better total gain, both 1/4 and 1/9 spectrum extension ratio should be considered.
Other spectrum extension scheme
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: 
	
	


This formulation uses a general shift parameter encompassing the other options which correspond to specific values of :
· Option 1 is obtained by selecting . The SE becomes: 
	
	(1)


· Option 2 is obtained by selecting . The SE is then specifically 
	
	(2)


Observation 4: Option 1 and Option 2 are special cases of Option 3 with specific cyclic shift .
For any value of , the original sequence of Fourier coefficient  as shown in Figure 4 is always included in the in-band spectrum up to a cyclic-shift by  symbols; and the left-side excess-band symbols are always the repetition of symbols of the right-side in-band edge; and similarly for the right-side excess band. 
For all options, which corresponds to different shift values L, the definition of SE needs to be known at the receiver. Beside this, it does not change the requirement of the receiver, except of performing the corresponding inverse cyclic shift.  
Observation 5: The choice of  does not change the set of symbols in the in-band and thus does not change the receiver requirement.  


[bookmark: _Ref117966453]Figure 4: Illustration of spectrum-extended data sequence as a function of the shift parameter  with  symbols and =4. 
In fact, any option can be equivalently be implemented as a cyclic extension or symmetric extension:
· Cyclic extension implementation of (1): cyclically shifted  by  then perform cylic extension.
· Symmetric extension implementation of (1): cyclically shifted  by  symbols and then perform symmetrical extension. 
Observation 6: All options can either be implemented as a cyclic extension or symmetric extension. 
While the definition of SE, i.e. the value of , does not change the receiver requirement, it does change the PAPR of the received signal. This is because it changes the phase differences among the DFT-s-OFDM pulses. Indeed, it can be shown that with DFT-s-OFDM using FDSS-SE, the constellation symbols are multiplexed by the set of pulses  where
	
	(3)


with the pulse-shaping filter  
Using Lemma 1 of [8] the phase difference between two neighbouring pulses can be shown to be 
	
	(4)


This phase difference influence thee coherent combining of pulses and thus the overall fluctuation of the signal’s envelope.
With Option 1 () and Option 2 () , the phase differences become and  , respectively. This means that with these options the phase difference between neighbouring pulses depends of the extension size and is uncontrolled.
With Option 3 and we instead have . In this case the phase difference between neighboring pulses is maintained constant. As a result, consecutive QPSK symbols will always be transmitted with an absolute phase difference of at least , and the signal’s envelope fluctuation would be minimized.
For practical performance comparison between option 2 and option 3, as shown in Figure 5 and 6, cyclic shift plus symmetric extension (Option 3) has about MPR gain of 0.1-0.2dB compared to symmetric extension (Option 2. 
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Figure 5. MPR performance comparison between Option 2 and Option 3 using TRRC (0.5, 0.1667) and 1/4 extension
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Figure 6. MPR comparison between Option 2 and Option 3 using TRRC (0.5, 0.1667) and 1/3 extension
Moreover, the Option 1, 2, and 3 all have to copy a portion of initial DFT coefficients with the same length to obtain extended DFT coefficients, except that the location of copied portion is different. Thus, the implementation complexities of Option 1, 2, and 3 are similar and do not have significant difference.
Observation 7: Cyclic shift on with symmetric extension can provide 0.1~0.2 MPR gain compared to no cyclic shift for inner RB allocation without any additional impact to the receiver.  
Proposal 3: Adopt 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: Enabling MRC receiver could introduce ~0.5dB gain among certain combinations of filter coefficients, RB allocation number, spectrum extension ratio and coding rate. 
Observation 2: Based on the simulation results towards the cases listed in Table 4, the total gain i.e., power boost gain minus BLER loss, can be around 1dB for inner region for QPSK under FDSS with spectrum extension, while the total gain from FDSS without spectrum extension is negligible.
Observation 3: The best extension ratio for different combination of MCS and RB allocation is different:
· for edge RB allocation, the best extension ratio maximizing the total gain is 1/4
· for inner RB allocation, when MCS index exceeds 4, extension ratio 1/9 shows better performance comparing to extension ratio 1/4.
Observation 4: Option 1 and Option 2 are special cases of Option 3 with specific cyclic shift .
Observation 5: The choice of  does not change the set of symbols in the in-band and thus does not change the receiver requirement.  
Observation 6: All options can either be implemented as a cyclic extension or symmetric extension. 
Observation 7: Cyclic shift on with symmetric extension can provide 0.1~0.2 MPR gain compared to no cyclic shift for inner RB allocation without any additional impact to the receiver.  
Proposal 1: The MRC receiver should not be considered for the evaluation of the net gain towards spectrum extension scheme.   
Proposal 2: To achieve better total gain, both 1/4 and 1/9 spectrum extension ratio should be considered.
Proposal 3: Adopt 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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