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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 following agreement was achieved in RAN1#112bis-e meeting [4].
	Agreement
· If FDSS-SE is supported in Rel-18, DMRS are mapped on PRBs of both inband and extension and gNB can assume that they are filtered using the same Tx shaping filter as data.
· FFS: whether and which optimizations to Rel-15 and/or Rel-16 DMRS, including sequence extension and/or mapping, to be used with FDSS-SE, are needed.
· Note: whether this will have RAN1 specification impact (if any) is a separate discussion and subject to RAN4’s conclusion to support FDSS-SE as one MPR/PAR reduction solution for Rel-18 (if any).



The discussions and simulations in this contribution focus on the optimization to DMRS sequence.
1. 
2. 
2.1 DMRS sequence length before extension larger than or equal to 30
It was agreed to further study the following approaches for DMRS length before extension larger than or equal to 30 in RAN1#112 meeting [5].
	Agreement
If FDSS-SE is supported in Rel-18, RAN1 to further study the following approaches for DMRS, when the DMRS sequence length before extension of the sequence, if any, is larger than or equal to 30: 
· Approach A – the DMRS sequence is extended: 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. Two sequence types can be considered:
· A.1: The sequence is a Type 1 DMRS sequence.
· A.2: The sequence is a Type 2 DMRS sequence. 
FFS: how the sequence is extended.
· Approach B – the DMRS sequence is not extended: A DMRS sequence based on type 1 or type 2 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.
Note: if type 2 is used then both the number of PRBs in the inband and the number of PRBs in the inband+extension must be valid DFT sizes as per NR specification
Performance metrics considered for the study are PAPR, CM[, and OBO] for DMRS and 10% BLER SNR for data (to measure channel estimation accuracy).



For Approach A, DMRS sequence length depends on the number of PRBs in the inband and then extends to the PRBs in the extension band. The sequence can be a Type 1 or Type 2 DMRS sequence. Considering that Type 1 DMRS sequence is Zadoff-Chu sequence, there are two alternative extension methods to achieve the sequence extension. One is to reuse the same logic of cyclically extending Zadoff-Chu sequence to generate DMRS in the inband, i.e. per RE extension, which can preserve the characteristic of low PAPR. Another is to reuse the same extension method as data, e.g. symmetric extension. In this case, DMRS sequence is per RB extended. 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 as we provided in [6]. Type 2 DMRS sequence is pseudo-random sequence, which can directly reuse the same extension method as data. 
For Approach B, DMRS sequence length depends on the number of PRBs in the inband and extension band without extension. Also, the sequence can be a Type 1 or Type 2 DMRS sequence.
We first evaluate the PAPR and CM performance for DMRS and data considering different DMRS sequence generation approaches according to the following configurations in Table 1. 3-tap filter with factors (0.28, 1, 0.28) is assumed and other simulation assumptions can be found in Appendix.
[bookmark: _Ref127300544]Table 1: Simulation cases of FDSS for long DMRS sequence
	Case
	No spectrum extension
	With spectrum extension

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

	Case 1
	8
	6
	6
	8
	8
	1/4

	Case 2
	40
	2
	30
	40
	3
	1/4



The PAPR and CM of data and DMRS without FDSS with FDSS-SE for Case 1 and Case 2 in Table 1 are shown in Figure 1 and Figure 2, respectively. 

[image: ] [image: ]
[bookmark: _Ref127302230]Figure 1: PAPR and CM for no FDSS and FDSS with SE (QPSK, 6+2 PRBs, SE factor = 1/4).
[image: ] [image: ]
[bookmark: _Ref134193958]Figure 2: PAPR and CM for no FDSS and FDSS with SE (QPSK, 30+10 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 1 and case 2
	
	Case 1
	Case 2

	
	No FDSS
	FDSS-SE
	No FDSS
	FDSS-SE

	PAPR
(dB)
	Data
	6.36
	3.3
	6.87
	3.38

	
	DMRS
	Approach A.1_per RE
	5.02
	2.3
	6.11
	3.05

	
	
	Approach A.1_per RB
	
	4.91
	
	6.17

	
	
	Approach A.2
	
	2.04
	
	2.18

	
	
	Approach B.1
	
	3.62
	
	3.84

	
	
	Approach B.2
	
	1.8
	
	2.03

	CM
(dB)
	Data
	1.57
	0.47
	1.39
	0.35

	
	DMRS
	Approach A.1_per RE
	1.78
	0.08
	2.29
	0.3

	
	
	Approach A.1_per RB
	
	1.27
	
	1.78

	
	
	Approach A.2
	
	-0.67
	
	-0.72

	
	
	Approach B.1
	
	1.49
	
	1.55

	
	
	Approach B.2
	
	-0.72
	
	-0.77



It can be observed that all approaches reduce the PAPR and CM of DMRS compared with PAPR and CM of DMRS without FDSS. 
For Type 1 DMRS sequence, it is observed that Approach A.1 with per RB extension and Approach B.1 lead to higher PAPR and CM of DMRS compared with that of data for FDSS-SE. Therefore, for Type 1 DMRS sequence, if supported, Approach A with RE extension should be adopted.
Proposal 2: For DMRS sequence length larger than or equal to 30, Approach A with RE extension should be adopted for Type 1 DMRS sequence, if supported.
For Type 2 DMRS sequence, both Approach A and Approach B achieve lower PAPR and CM of DMRS compared with that of data for FDSS-SE.
Observation 1: For DMRS sequence length larger than or equal to 30, Type 2 DMRS sequence with both Approach A and Approach B for FDSS-SE achieve lower PAPR/CM of DMRS compared with PAPR/CM of data.
The BLER performances of data using Type 1 DMRS sequence and Type 2 DMRS sequence for cases in Table 1 are shown in Figure 3 and Figure 4. The excess bands are dropped at the receiver side.
[image: ]
[bookmark: _Ref127375510][bookmark: _Ref131432722]Figure 3: BLER for Type 1 DMRS sequence and Type 2 DMRS sequence (Case 1).
[image: ]
[bookmark: _Ref131432730]Figure 4: BLER for Type 1 DMRS sequence and Type 2 DMRS sequence (Case 2).

1.07dB and 0.13dB degradation @10% BLER are observed for data using Type 2 DMRS sequence with both Approach A and Approach B compared with that of data using Type 1 DMRS sequence with RE extension in case 1 and case 2, respectively. In addition, if Type 2 DMRS sequence is used, there is additional limitation that the number of PRBs in the inband and extension band must be valid DFT sizes. 
Considering the BLER performance degradation and the additional scheduling restriction of Type 2 DMRS sequence, Type 1 DMRS sequence is preferred.
Observation 2: For DMRS sequence length before extension larger than or equal to 30, Type 2 DMRS sequence leads to BLER performance degradation compared with Type 1 DMRS sequence.
Proposal 3: For DMRS sequence length before extension larger than or equal to 30, DMRS sequence is generated according to Approach A.1 with RE extension if supported.

2.2 DMRS sequence length before extension smaller than 30
For DMRS length before extension smaller than 30, it was agreed to further study the following approaches in RAN1#112 meeting [5].
	Agreement
If FDSS-SE is supported in Rel-18, and RB allocations resulting in DMRS sequence length smaller than 30 before extension of the sequence, if any, are supported, RAN1 to study at least the following approaches: 
· Approach A – the DMRS sequence is extended: 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. Two sequence types can be considered:
· A.1: The sequence is obtained by DFT transformation of an existing DMRS sequence, e.g., Type 1 DMRS sequence. 
· A.2: The sequence is a Type 1 or Type 2 DMRS sequence.
   FFS: how the sequence is extended. 
· Approach B – the DMRS sequence is not extended: A DMRS sequence based on type 1 or type 2 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.
Note: if type 2 is used then both the number of PRBs in the inband and the number of PRBs in the inband+extension must be valid DFT sizes as per NR specification
Note:    Other sequences are not precluded for Approach A and Approach B.
Performance metrics considered for the study are PAPR, CM [, and OBO] for DMRS and 10% BLER SNR for data (to measure channel estimation accuracy).



For Approach A, DMRS sequence length depends on the number of PRBs in the inband and then extends to the PRBs in the extension band. The sequence can be a Type 1 or Type 2 DMRS sequence. Considering both Type 1 and Type 2 DMRS sequence are directly generated based on a sequence, respectively, corresponding to a given group number u, DMRS extension can reuse the same method as data, e.g. symmetric extension.
For Approach B, DMRS sequence length depends on the number of PRBs in the inband and extension band without extension. Also, the sequence can be a Type 1 or Type 2 DMRS sequence.
We evaluate the PAPR and CM performance for DMRS and data considering different DMRS sequence generation approaches according to the following configurations in Table 3 using the same simulation assumptions as DMRS sequence length larger than or equal to 30. 
[bookmark: _Ref134194220]Table 3: Simulation case of FDSS for short DMRS sequence
	Case
	No spectrum extension
	With spectrum extension

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

	Case 3
	6
	3
	4
	6
	5
	1/3



The PAPR and CM of data and DMRS without FDSS with FDSS-SE for Case 3 in Table 3 is shown in Figure 5. 
[image: ] [image: ]
[bookmark: _Ref134194640][bookmark: _GoBack]Figure 5: PAPR and CM for no FDSS and FDSS with SE (QPSK, 4+2 PRBs, SE factor = 1/3).

The PAPR and CM@10% CCDF of data and DMRS are summarized in Table 4. 
[bookmark: _Ref134195404]Table 4: PAPR and CM performance under case 3
	
	Case 3

	
	No FDSS
	FDSS-SE

	PAPR
(dB)
	Data
	6.24
	2.57

	
	DMRS
	Approach A.1
	4.41
	2.55

	
	
	Approach A.2_Type1
	
	4.28

	
	
	Approach A.2_Type2
	
	1.94

	
	
	Approach B_Type1
	
	3.37

	
	
	Approach B_Type2
	
	1.8

	CM
(dB)
	Data
	1.65
	0.18

	
	DMRS
	Approach A.1
	1.25
	0.19

	
	
	Approach A.2_Type1
	
	1.55

	
	
	Approach A.2_Type2
	
	-0.48

	
	
	Approach B_Type1
	
	0.86

	
	
	Approach B_Type2
	
	-0.72



It can be observed that all approaches reduce the PAPR and CM of DMRS with PAPR and CM of DMRS without FDSS except Type 1 DMRS sequence using Approach A.2. Besides, it can be observed that Type 1 DMRS sequence using Approach B leads to higher PAPR and CM of DMRS compared with that of data for FDSS-SE. Therefore, for Type 1 DMRS sequence, if supported, Approach A.1 with additional DFT transformation should be adopted.
Proposal 4: For DMRS sequence length smaller than 30, Approach A.1 with DFT transformation should be adopted for Type 1 DMRS sequence, if supported.
For Type 2 DMRS sequence, both Approach A and Approach B achieve lower PAPR and CM of DMRS compared with that of data for FDSS-SE.
Observation 3: For DMRS sequence length smaller than 30, Type 2 DMRS sequence with both Approach A and Approach B for FDSS-SE achieve lower PAPR/CM of DMRS compared with PAPR/CM of data.
The BLER performance of data using Type 1 DMRS sequence and Type 2 DMRS sequence for the case in Table 3 is shown in Figure 6. The excess bands are dropped at the receiver side.
[image: ]
[bookmark: _Ref134260929]Figure 6: BLER for Type 1 DMRS sequence and Type 2 DMRS sequence (Case 3).
Only 0.08dB degradation @10% BLER can be observed for data using Type 2 DMRS sequence with both Approach A and Approach B compared with that of data using Type 1 DMRS sequence with DFT transformation in case 3. Considering the negligible BLER performance degradation and better PAPR/CM performance, Type 2 DMRS sequence is preferred.
Observation 4: For DMRS sequence length before extension smaller than 30, BLER performance gap between Type 1 and Type 2 DMRS sequence is negligible.
Proposal 5: For DMRS sequence length before extension smaller than 30, DMRS sequence is generated according to Type 2 DMRS sequence with Approach A or Approach B if supported.

3. Conclusions
In this contribution, we discussed power domain enhancements with the following observations and proposals.
Observation 1: For DMRS sequence length larger than or equal to 30, Type 2 DMRS sequence with both Approach A and Approach B for FDSS-SE achieve lower PAPR/CM of DMRS compared with PAPR/CM of data.
Observation 2: For DMRS sequence length before extension larger than or equal to 30, Type 2 DMRS sequence leads to BLER performance degradation compared with Type 1 DMRS sequence.
Observation 3: For DMRS sequence length smaller than 30, Type 2 DMRS sequence with both Approach A and Approach B for FDSS-SE achieve lower PAPR/CM of DMRS compared with PAPR/CM of data.
Observation 4: For DMRS sequence length before extension smaller than 30, BLER performance gap between Type 1 and Type 2 DMRS sequence is negligible.

Proposal 1: For power-domain enhancements targeting MPR/PAR reduction, only QPSK modulation is considered for DFT-s-OFDM.
Proposal 2: For DMRS sequence length larger than or equal to 30, Approach A with RE extension should be adopted for Type 1 DMRS sequence, if supported.
Proposal 3: For DMRS sequence length before extension larger than or equal to 30, DMRS sequence is generated according to Approach A.1 with RE extension if supported.
Proposal 4: For DMRS sequence length smaller than 30, Approach A.1 with DFT transformation should be adopted for Type 1 DMRS sequence, if supported.
Proposal 5: For DMRS sequence length before extension smaller than 30, DMRS sequence is generated according to Type 2 DMRS sequence with Approach A or Approach B if supported.
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Appendix
Table 5: 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
	DFT-S-OFDM

	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
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