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[bookmark: _Ref506539118]Introduction
At the RAN1#112b-e meeting, the following agreements and observations were made regarding power domain enhancement [1]:
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).
Observation
RAN1 discussed advantages and disadvantages of solutions included in R1-2302270 (R4-2303701) on enhancements to realize increasing UE power high limit for CA and DC. Pros and cons of the inclusion in the PHR report of at least one of the following quantities have been analyzed for different reporting mechanisms, triggers, and reporting periodicities:
· ∆PPowerClass 
· Power class
· P-MPR 
· Start and length of evaluation period for power class fallback
· Estimated duration of power class fallback
· Estimated duration over which UE can sustain Pcmax before additional P-MPR is required
· Sustainable duty cycle to prevent a fallback
· Energy/power availability
Note: Discussion is still ongoing, and its full current content can be found in Section 2.1.2 of R1-2303924.
In the contribution, we present our views on power domain enhancement, with primary focus on frequency domain spectrum shaping for DFT-s-OFDM waveform for PAPR reduction. Our views on PRACH coverage enhancement and dynamic switching between DFT-S-OFDM and CP-OFDM waveforms are described in our companion contributions [2] and [3], respectively. 
Discussions on frequency domain spectrum shaping
During the Rel-17 NR coverage enhancement study item phase, PUSCH was identified as one of the bottleneck channels that needs coverage enhancement. Further, during the NR coverage enhancement work item phase, several techniques including PUSCH transmission with counting based on available slots and increased number of repetitions, TB processing over multiple slots (TBoMS), DMRS bundling, and enhanced inter-slot frequency hopping mechanisms were introduced to enhance the coverage for PUSCH transmission. 
In Rel-18, to further improve the coverage for uplink transmission, power domain enhancement can be considered, with the motivation to reduce the maximum power reduction (MPR) and achieve higher transmission power. In Rel-15, NR supports Frequency Domain Spectral Shaping (FDSS) without spectrum extension for /2 BPSK to reduce the PAPR. With a smooth transition at the occupied bandwidth, PAPR for the PUSCH transmission can be reduced accordingly. 
At the RAN1#111 meeting, it was agreed that at least the symmetric spectrum extension option for frequency domain spectrum shaping with spectrum extension (FDSS-SE), is considered for studying MPR/PAR reduction enhancements in Rel-18 [4]. Figure 1 illustrates the FDSS-SE scheme with symmetric extension. In particular, the excess bandwidth (), specified by the extension factor () is added to the allocated bandwidth (). Subsequently, tones are symmetrically added to the start and end of  to obtain the total allocated bandwidth for FDSS-SE ().
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[bookmark: _Ref126701786]Figure 1. FDSS-SE with symmetric extension
In this section, we present link level simulation results and PAPR/CM analysis for FDSS scheme, including FDSS with and without spectrum extension. 
Link level simulation results for FDSS schemes
In this section, we present link level simulation results for PUSCH with FDSS with and without spectrum extension. The simulation assumptions for various cases are summarized in Table 5 [4]. In the simulations, 2-tap and 3-tap pulse shaping filter (PSF) were assumed as spectrum shaping filters for DFT-s-OFDM waveform. For 3-tap PSF, coefficients of [0.335, 1, 0.335] and [0.28, 1, 0.28], while for 2-tap PSF, coefficients of [1 0.28] were considered. Figure 2 illustrates the frequency response of 2-tap and 3-tap PSF for FDSS schemes.
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[bookmark: _Ref118407055]Figure 2. Spectrum shaping filter for FDSS 
Table 1 illustrates the required SNR to achieve 10% BLER for 8 agreed test cases for carrier frequency of 4GHz. In the simulations, conventional DFT-s-OFDM, FDSS with and without spectrum extension were assumed, where for FDSS with SE, symmetric extension was considered. From the tables, it can be observed that
· For relatively high code rate, e.g., MCS 7 or 8 as in Case 1 or Case 2, when 3-tap PSF is utilized, performance gap between conventional DFT-s-OFDM waveform and FDSS with and without SE is very large. For instance, at 4GHz carrier frequency, ~4dB performance degradation can be observed for FDSS without SE when 3-tap PSF with [0.335 1 0. 335] is used, compared to conventional DFT-s-OFDM waveform. 
· For 3-tap PSF, for relatively high code rate, e.g., MCS 6, 7 or 8, FDSS with SE outperforms FDSS without SE. The performance gap is larger when 3-tap PSF with [0.335 1 0. 335] is used. This is primarily due to the fact that the large filter attenuation on the edge of allocated resource would have adverse impact on the decoding performance. However, for relatively low code rate, e.g., MCS 0 or 2, FDSS without SE outperforms FDSS with SE. This is more pronounced when large extension factor, e.g., 3/8 is used for FDSS with SE. 
· Selection of spectrum shaping filter has substantial impact on the link level performance, especially considering high code rate. For instance, performance gap between 3-tap PSF with [0.335 1 0. 335] and 2-tap PSF with [1 0.28] for FDSS without SE can be ~3.4dB for Case 2. Further, when the code rate is relatively low, e.g., MCS 0 for Case 3 or 7, performance gap between different shaping filters is relatively small. 

[bookmark: _Ref121408365]Table 1. LLS performance at 4GHz
	
	DFT-s-OFDM
	FDSS w/o SE
	FDSS w/ SE
	FDSS w/o SE
	FDSS w/ SE
	FDSS w/o SE
	FDSS w/ SE

	
	
	PSF with [0.28 1 0.28]
	PSF with [0.335 1 0.335]
	PSF with [1 0.28]

	Case 1
	-1.9 dB
	0.8 dB
	0.4 dB
	1.9 dB
	0.4 dB
	-1.2 dB
	-0.9 dB

	Case 2
	-1.3 dB
	1.7 dB
	1.4 dB
	2.9 dB
	1.3 dB
	-0.5 dB
	-0.1 dB

	Case 3
	-7.5 dB
	-7.2 dB
	-6.8 dB
	-7.2 dB
	-6.7 dB
	-7.3 dB
	-6.4 dB

	Case 4
	-2.2 dB
	0.2 dB
	0.1 dB
	1.0 dB
	0.1 dB
	-1.6 dB
	-0.2 dB

	Case 5
	-7.3 dB
	-6.0 dB
	-6.2 dB
	-5.7 dB
	-6.1 dB
	-6.8 dB
	-6.4 dB

	Case 6
	-3.2 dB
	-0.9 dB
	-1.3 dB
	-0.1 dB
	-1.3 dB
	-2.5 dB
	-1.8 dB

	Case 7
	-8.2 dB
	-7.8 dB
	-6.8 dB
	-7.7 dB
	-6.8 dB
	-8.1 dB
	-6.1 dB

	Case 8
	-7.1 dB
	-5.9 dB
	-4.5 dB
	-5.5 dB
	-4.5 dB
	-6.6 dB
	-3.2 dB


Observation 1:
· For relatively high code rate, e.g., MCS 7 or 8 as in Case 1 or Case 2, when 3-tap PSF is utilized, performance gap between conventional DFT-s-OFDM waveform and FDSS with and without SE is very large. 
· For 3-tap PSF, for relatively high code rate, e.g., MCS 6, 7 or 8, FDSS with SE outperforms FDSS without SE. The performance gap is larger when 3-tap PSF with [0.335 1 0. 335] is used. However, for relatively low code rate, e.g., MCS 0 or 2, FDSS without SE outperforms FDSS with SE. This is more pronounced when large extension factor, e.g., 3/8 is used for FDSS with SE. 
· Selection of spectrum shaping filter has substantial impact on the link level performance, especially considering high code rate. 

PAPR and CM analysis for FDSS schemes
In this section, we present PAPR and CM analysis for FDSS with and without spectrum extension. Table 2 and Table 3 illustrate PAPR and CM performance for FDSS with and without SE for 8 agreed cases, respectively. In the simulations, symmetric extension was assumed for FDSS with SE. From the figures, it can be observed that 
· For QPSK, largest PAPR improvement is ~4.9 dB and CM improvement is ~1.5 dB for FDSS-SE with symmetric extension compared to conventional DFT-s-OFDM waveform, which is achieved by employing 3-tap PSF with coefficient [0.335 1 0.335] and extension factor of 3/8. In addition, CM performance difference between FDSS without SE and conventional DFT-s-OFDM waveform is relatively small.   
· For π/2 BPSK, largest PAPR improvement is ~5.0 dB and CM improvement is ~1.4 dB for FDSS-SE with symmetric extension compared to conventional DFT-s-OFDM waveform, which is achieved by employing 3-tap PSF with coefficient [0.335 1 0.335] and extension factor of 1/4. In addition, PAPR and CM performance difference between FDSS with and without SE is negligible. 
· Selection of spectrum shaping filter has substantial impact on PAPR and CM performance. For instance, CM performance difference between 3-tap PSF with [0.335 1 0. 335] and 2-tap PSF with [1 0.28] for FDSS with SE can be 1.2 dB for π/2 BPSK as in Case 7. For QPSK, ~0.5dB CM performance difference between these two shaping filters can be observed. 
[bookmark: _Ref121432592]Table 2. PAPR performance at 4GHz
	
	DFT-s-OFDM
	FDSS w/o SE
	FDSS w/ SE
	FDSS w/o SE
	FDSS w/ SE
	FDSS w/o SE
	FDSS w/ SE

	
	
	PSF with [0.28 1 0.28]
	PSF with [0.335 1 0.335]
	PSF with [1 0.28]

	Case 1
	7.3 dB
	4.8 dB
	4.1 dB
	4.6 dB
	4.1 dB
	6.1 dB
	4.8 dB

	Case 2
	7.4 dB
	4.8 dB
	4.0 dB
	4.5 dB
	4.0 dB
	6.2 dB
	4.8 dB

	Case 3
	5.6 dB
	2.1 dB
	2.2 dB
	1.8 dB
	1.6 dB
	4.0 dB
	3.8 dB

	Case 4
	7.1 dB
	4.9 dB
	3.6 dB
	4.8 dB
	3.6 dB
	6.0 dB
	4.2 dB

	Case 5
	7.4 dB
	4.8 dB
	3.6 dB
	4.5 dB
	3.5 dB
	6.2 dB
	4.4 dB

	Case 6
	7.4 dB
	4.8 dB
	3.6 dB
	4.5 dB
	3.5 dB
	6.2 dB
	4.4 dB

	Case 7
	5.8 dB
	2.2 dB
	2.7 dB
	1.8 dB
	2.1 dB
	4.2 dB
	4.1 dB

	Case 8
	7.4 dB
	4.8 dB
	2.8 dB
	4.5 dB
	2.5 dB
	6.2 dB
	5.0 dB



[bookmark: _Ref121432594]Table 3. CM performance at 4GHz
	
	DFT-s-OFDM
	FDSS w/o SE
	FDSS w/ SE
	FDSS w/o SE
	FDSS w/ SE
	FDSS w/o SE
	FDSS w/ SE

	
	
	PSF with [0.28 1 0.28]
	PSF with [0.335 1 0.335]
	PSF with [1 0.28]

	Case 1
	1.7 dB
	1.7 dB
	1.2 dB
	1.9 dB
	1.4 dB
	1.5 dB
	0.9 dB

	Case 2
	1.6 dB
	1.5 dB
	1.1 dB
	1.7 dB
	1.3 dB
	1.3 dB
	0.8 dB

	Case 3
	0.6 dB
	-0.7 dB
	-0.7 dB
	-0.7 dB
	-0.8 dB
	-0.3 dB
	0.0 dB

	Case 4
	1.9 dB
	1.9 dB
	2.1 dB
	0.7 dB
	0.9 dB
	1.7 dB
	0.6 dB

	Case 5
	1.5 dB
	1.5 dB
	0.4 dB
	1.7 dB
	0.7 dB
	1.3 dB
	0.4 dB

	Case 6
	1.5 dB
	1.5 dB
	0.4 dB
	1.7 dB
	0.7 dB
	1.3 dB
	0.4 dB

	Case 7
	0.5 dB
	-0.7 dB
	-0.2 dB
	-0.7 dB
	-0.5 dB
	-0.3 dB
	0.7 dB

	Case 8
	1.6 dB
	1.5 dB
	0.1 dB
	1.7 dB
	0.1 dB
	1.3 dB
	0.8 dB



Observation 2:
· For QPSK, largest PAPR improvement is ~4.9 dB and CM improvement is ~1.5 dB for FDSS-SE with symmetric extension compared to conventional DFT-s-OFDM waveform, which is achieved by employing 3-tap PSF with coefficient [0.335 1 0.335] and extension factor of 3/8. In addition, CM performance difference between FDSS without SE and conventional DFT-s-OFDM waveform is relatively small.   
· For π/2 BPSK, largest PAPR improvement is ~5.0 dB and CM improvement is ~1.4 dB for FDSS-SE with symmetric extension compared to conventional DFT-s-OFDM waveform, which is achieved by employing 3-tap PSF with coefficient [0.335 1 0.335] and extension factor of 1/4. In addition, PAPR and CM performance difference between FDSS with and without SE is negligible. 
· Selection of spectrum shaping filter has substantial impact on PAPR and CM performance. 

At the RAN1#110b-e meeting, it was agreed that at least pi/2-BPSK and QPSK modulation are considered for power-domain enhancements targeting MPR/PAR reduction [5]. For π/2 BPSK modulation, according to the link level simulation results, FDSS without SE outperforms FDSS with SE for various types of spectrum shaping filters and extension factors. Further, FDSS without SE has similar CM and PAPR performance compared to FDSS with SE. Based on these observations and given that FDSS without SE was already supported in Rel-15 for π/2 BPSK modulation, it is more appropriate not to further support FDSS with SE scheme in Rel-18 for π/2 BPSK modulation.
For QPSK modulation, from the link level simulation results, substantial performance degradation can be observed for FDSS with and without SE compared to conventional DFT-s-OFDM waveform. Although it is evident that PAPR and CM for FDSS can be improved accordingly, the CM gain cannot compensate the link level performance loss introduced by either transparent or non-transparent schemes such as FDSS with SE. For instance, the largest CM gain of 1.5 dB for FDSS with SE can be achieved in Case 8 where extension factor of 3/8, and 3-tap PSF are applied. However, for Case 8, the performance gap can be as large as ~2.6 dB between FDSS with SE and conventional DFT-s-OFDM waveform when 3-tap PSF is used at 4GHz carrier frequency. Note that the link level performance degradation can be even more pronounced when relatively high code rate and small extension factor are considered. Hence, in our view, considering the trade-off between PAPR/CM reduction and BLER performance degradation, FDSS with SE scheme is not supported for PUSCH with QPSK modulation. 
Observation 3:
· For π/2 BPSK, FDSS without SE outperforms FDSS with SE for various types of spectrum shaping filters and extension factors. In addition, FDSS without SE has similar CM and PAPR performance compared to FDSS with SE.   
· For QPSK, CM gain cannot compensate the link level performance loss introduced by either transparent or non-transparent scheme such as FDSS with SE. 
Proposal 1:
· FDSS with SE is not supported for PUSCH with π/2 BPSK and QPSK modulation. 

Potential specification impact for FDSS-SE scheme 
For FDSS-SE scheme, potential specification impact may include the signalling mechanism on how to indicate the frequency domain resource for PUSCH transmission. One straightforward solution is to reuse the existing approach by configuring or indicating FDRA as allocated resource for PUSCH transmission, where extended resource may be determined based on the configured extension factor and allocated resource size. For this option, determination of TBS and PT-RS pattern may be reused without specification impact. However, the power control mechanism may need to be updated to consider the total allocated resource included extended resource to determine Tx power for PUSCH transmission. 
As an alternative option, the gNB may signal the total allocated resource for the corresponding PUSCH transmission, including any extended resource. Based on the extension factor and the total allocated resource size, amount of extended resource for spectrum extension can be determined. In this case, the determination of TBS and PT-PRS may need to be updated by considering the in-band resource for the corresponding PUSCH transmission. One potential benefit of this approach is that if DMRS design for FDSS-SE scheme is directly generated based on the total allocated resource, no specification impact on DMRS sequence generation and mapping is expected.
Based on the discussions above, considering the potential specification impact between these two options, it is more desirable to indicate FDRA based on the number of PRBs in the in-band if FDSS-SE scheme is supported. 
Further, as mentioned above, when extended resource is applied for FDSS-SE scheme, transmit power control mechanism for the PUSCH transmission may need to be updated. As defined in TS38.213, PUSCH transmit power is determined based on the bandwidth of the PUSCH resource assignment. In this case, if FDRA indicates the number of PRBs in the in-band resource, total number of PRBs including extended resource may be used to determine the transmit power for PUSCH transmission with FDSS-SE scheme. 
	-	 is the bandwidth of the PUSCH resource assignment expressed in number of resource blocks for PUSCH transmission occasion  on active UL BWP  of carrier  of serving cell  and  is a SCS configuration defined in [4, TS 38.211]


Proposal 2
· If FDSS-SE scheme is supported, 
· FDRA field indicates the number of PRBs in the in-band. 
· Total number of PRBs including both in-band and extended resource is used for the calculation of transmit power for PUSCH transmission. 

DMRS design for FDSS-SE scheme
At the RAN1#112b-e meeting, it was agreed that 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. Further, it is FFS on 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 [1]. 
For frequency domain spectrum shaping, DMRS design for the corresponding PUSCH transmission may need to be adapted to the spectrum extension scheme. In order to provide decent channel estimation and decoding performance, it is more desirable that the MPR/PAR reduction achieved by FDSS-SE scheme is aligned with that for DMRS. At the RAN1#112 meeting, various options for low PAPR Type 1 and Type 2 sequence were agreed for the study of DMRS design with FDSS-SE scheme [6]. In particular, the DMRS sequence may be generated based on the total number of PRBs including extended resources (Approach B) or based on the number of originally allocated PRBs and with additional steps including cyclic extension or symmetric extension (Approach A), which is similar to the data part. 
Figure 3 illustrates Approach A with cyclic extension and symmetric extension for DMRS sequence generation, respectively. In particular, DMRS sequence is generated based on the in-band data, where extended resources (M) defined by the spectrum extension factor (α) are symmetrically cyclically added to the start of the original DMRS sequence for cyclic extension (CE) or added to the start and end of the original DMRS sequence for symmetric extension (SE). 
[image: ]
[bookmark: _Ref127212429]Figure 3. Approach A with cyclic and symmetric extension for DMRS sequence generation

Link level performance for DMRS design
In this section, we present link level simulation results for various DMRS design options. The DMRS sequence may be generated based on the total number of PRBs including extended resources (Approach B) or based on the number of originally allocated PRBs with symmetric extension (Approach A with SE), which is similar to the data part.  The simulation assumptions for various cases are summarized in Table 6. In the simulations, the 3-tap pulse shaping filter (PSF) with coefficients [0.28, 1, 0.28] and extension factor of 1/4 were considered. 
Figure 4 illustrates the link-level simulation results for DMRS design using Low PAPR Type 1 and Type 2 sequences for Approach A with SE and Approach B for various simulation cases, respectively. In addition, Table 4 summarizes the required SNR to achieve 10% BLER for all 4 cases. 
From the figures and table, it can be observed that:
· For Low PAPR Type 1 DMRS sequence, the link level performance for Approach A with SE and Approach B is similar. 
· For Low PAPR Type 2 DMRS sequence, Approach B outperforms Approach A with SE. For instance, for Case 4 with relatively wideband resource allocation and high code rate, ~0.2 dB performance degradation can be observed when Approach A with SE is applied for DMRS. 
· For all simulated cases, Low PAPR Type 1 DMRS sequence can achieve better link level performance compared to Low PAPR Type 2 DMRS sequence. In addition, the large performance gap is observed when relatively large MCS is applied for PUSCH transmission. Note that this is primarily due to the fact that when using Low PAPR Type 1 DMRS sequence, constant amplitude in frequency can deliver better channel estimation performance. 

[image: ]
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[bookmark: _Ref131668292]Figure 4. LLS results for Cases 1-4 for DMRS design

[bookmark: _Ref131624410]Table 4. LLS performance for DMRS design at 4GHz
	
	Approach B with PSF
	Approach A with SE
	Approach B with PSF
	Approach A with SE

	
	Low PAPR Type 1 DMRS
	Low PAPR Type 2 DMRS

	Case 1
	-3.6 dB
	-3.6 dB
	-3.4 dB
	-3.2 dB

	Case 2
	0.1 dB
	0.2 dB
	0.7 dB
	0.9 dB

	Case 3
	-6.1 dB
	-6.1 dB
	-6 dB
	-5.9 dB

	Case 4
	-1.3 dB
	-1.3 dB
	-0.8 dB
	-0.6 dB



Observation 4:
· For Low PAPR Type 1 sequence, the link level performance for Approach A with SE and Approach B is similar. 
· For Low PAPR Type 2 sequence, Approach B outperforms Approach A with SE. For instance, for Case 4 with relatively wideband resource allocation and high code rate, ~0.2 dB performance degradation can be observed when Approach A with SE is applied for DMRS. 
· For all simulated cases, Low PAPR Type 1 DMRS sequence can achieve better link level simulation results compared to Low PAPR Type 2 DMRS sequence. The large performance gap is observed when relatively large MCS is employed for PUSCH transmission.  

PAPR and CM analysis for DMRS design
In this section, we present the PAPR and CM simulation results for various DMRS designs. The simulation assumptions are summarized in Table 6 according to the agreement at the RAN1#112 meeting [6]. Further, 3-tap pulse shaping filter (PSF) with coefficients of [0.28 1 0.28] was considered as the spectrum sharing filter. In the simulations, Case 1 and Case 3 were assumed for PAPR/CM analysis of various DMRS designs. 
Figure 5 and Figure 6 illustrate PAPR and CM performance for DMRS design using low PAPR Type 1 and Type 2 sequences for FDSS-SE, respectively. In the figure, Approach B.1 and B.2 without PSF can be considered as baseline for low PAPR type 1 and Type 2 sequences, respectively. Further, Approach A with cyclic extension (CE) and symmetric extension (SE) were also considered in the PAPR/CM analysis. From the figures, it can be observed that
· For both low PAPR Type 1 and Type 2 DMRS sequences, Approach A with SE and Approach B with PSF can achieve better PAPR and CM performance than Approach A with CE based on the agreed assumption of spectrum shaping filters. In addition, the PAPR and CM performance for Approach A with SE and Approach B with PSF is fairly close.
· Low PAPR Type 1 DMRS sequence outperforms low PAPR Type 2 DMRS sequence in terms of PAPR and CM results. For instance, for Case 3 with relatively wide resource allocation, CM performance difference between Approach A with PSF using Type 2 DMRS sequence and using Type 1 DMRS sequence can be ~2.3dB. 
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[bookmark: _Ref131586098]Figure 5. PAPR and CM for various DMRS designs: Case 1
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[bookmark: _Ref131586100]Figure 6. PAPR and CM for various DMRS designs: Case 3

Note that although not shown in the figures, selection of spectrum shaping filter has substantial impact on PAPR and CM performance for various DMRS design options. In general, careful study is needed to choose the appropriate spectrum shaping filters for FDSS-SE scheme for both data and DMRS part. 
Observation 5:
· For both low PAPR Type 1 and Type 2 DMRS sequences, Approach A with SE and Approach B with PSF can achieve better PAPR and CM performance than Approach A with CE based on the agreed assumption of spectrum shaping filters. In addition, the PAPR and CM performance for Approach A with SE and Approach B with PSF is fairly close.
· Low PAPR Type 1 DMRS sequence outperforms low PAPR Type 2 DMRS sequence in terms of PAPR and CM results. 

Based on the observations, it is evident that certain design trade-off exists between various DMRS design options for low PAPR Type 1 and Type 2 sequences, especially considering the PAPR/CM and link level performance. In particular, low PAPR Type 1 DMRS sequence can achieve slightly better link level performance, but much worse PAPR/CM performance compared to low PAPR Type 2 DMRS sequence. Further, Approach B with PSF can generally achieve similar performance or outperform Approach A with SE in terms of PAPR/CM and link level performance for both low PAPR Type 1 and Type 2 DMRS sequences. 
Proposal 3:
· Further study DMRS designs for FDSS-SE scheme with the consideration of both low PAPR Type 1 and Type 2 DMRS sequences.

[bookmark: _Ref52481833]Conclusions
In this contribution, we presented our views on power domain enhancement. Further, we summarize the observations and proposals as follows:
Observation 1:
· For relatively high code rate, e.g., MCS 7 or 8 as in Case 1 or Case 2, when 3-tap PSF is utilized, performance gap between conventional DFT-s-OFDM waveform and FDSS with and without SE is very large. 
· For 3-tap PSF, for relatively high code rate, e.g., MCS 6, 7 or 8, FDSS with SE outperforms FDSS without SE. The performance gap is larger when 3-tap PSF with [0.335 1 0. 335] is used. However, for relatively low code rate, e.g., MCS 0 or 2, FDSS without SE outperforms FDSS with SE. This is more pronounced when large extension factor, e.g., 3/8 is used for FDSS with SE. 
· Selection of spectrum shaping filter has substantial impact on the link level performance, especially considering high code rate. 
Observation 2:
· For QPSK, largest PAPR improvement is ~4.9 dB and CM improvement is ~1.5 dB for FDSS-SE with symmetric extension compared to conventional DFT-s-OFDM waveform, which is achieved by employing 3-tap PSF with coefficient [0.335 1 0.335] and extension factor of 3/8. In addition, CM performance difference between FDSS without SE and conventional DFT-s-OFDM waveform is relatively small.   
· For π/2 BPSK, largest PAPR improvement is ~5.0 dB and CM improvement is ~1.4 dB for FDSS-SE with symmetric extension compared to conventional DFT-s-OFDM waveform, which is achieved by employing 3-tap PSF with coefficient [0.335 1 0.335] and extension factor of 1/4. In addition, PAPR and CM performance difference between FDSS with and without SE is negligible. 
· Selection of spectrum shaping filter has substantial impact on PAPR and CM performance. 
Observation 3:
· For π/2 BPSK, FDSS without SE outperforms FDSS with SE for various types of spectrum shaping filters and extension factors. In addition, FDSS without SE has similar CM and PAPR performance compared to FDSS with SE.   
· For QPSK, CM gain cannot compensate the link level performance loss introduced by either transparent or non-transparent scheme such as FDSS with SE. 
Observation 4:
· For Low PAPR Type 1 sequence, the link level performance for Approach A with SE and Approach B is similar. 
· For Low PAPR Type 2 sequence, Approach B outperforms Approach A with SE. For instance, for Case 4 with relatively wideband resource allocation and high code rate, ~0.2 dB performance degradation can be observed when Approach A with SE is applied for DMRS. 
· For all simulated cases, Low PAPR Type 1 DMRS sequence can achieve better link level simulation results compared to Low PAPR Type 2 DMRS sequence. The large performance gap is observed when relatively large MCS is employed for PUSCH transmission.  
Observation 5:
· For both low PAPR Type 1 and Type 2 DMRS sequences, Approach A with SE and Approach B with PSF can achieve better PAPR and CM performance than Approach A with CE based on the agreed assumption of spectrum shaping filters. In addition, the PAPR and CM performance for Approach A with SE and Approach B with PSF is fairly close.
· Low PAPR Type 1 DMRS sequence outperforms low PAPR Type 2 DMRS sequence in terms of PAPR and CM results. 
Proposal 1:
· FDSS with SE is not supported for PUSCH with π/2 BPSK and QPSK modulation. 
Proposal 2
· If FDSS-SE scheme is supported, 
· FDRA field indicates the number of PRBs in the in-band. 
· Total number of PRBs including both in-band and extended resource is used for the calculation of transmit power for PUSCH transmission. 
Proposal 3:
· Further study DMRS designs for FDSS-SE scheme with the consideration of both low PAPR Type 1 and Type 2 DMRS sequences.
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Appendix
Simulation assumptions for FDSS schemes
[bookmark: _Ref131673453]Table 5. Simulation assumptions for FDSS schemes
	
	
	No spectrum extension
	With spectrum extension

	
	TBS value
	Tput estimation for DDDSU @4GHz
	#PRBs
	MCS
	#PRBs before extension
	#PRBs after extension
	MCS
	Spectrum extension factor

	Case 1
	2408
	963.2 kbps
	16
	7
	14
	16
	8
	1/8

	Case 2
	5376
	~2.15 Mbps
	32
	8
	28
	32
	9
	1/8

	Case 3
	272
	108.8 kbps
	8
	0
	6
	8
	1
	¼

	Case 4
	1032
	412.8 kbps
	8
	6
	6
	8
	8
	¼

	Case 5
	2152
	~0.9 Mbps
	40
	2
	30
	40
	3
	¼

	Case 6
	4992
	~2.0 Mbps
	40
	6
	30
	40
	8
	¼

	Case 7
	552
	220.8 kbps
	16
	0
	10
	16
	2
	3/8

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



Simulation assumptions for DMRS design
[bookmark: _Ref131624154]Table 6. Simulation assumptions for DMRS design
	
	No spectrum extension
	With spectrum extension

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

	Case 1
	8
	0 
[only QPSK]
	6
	8
	1 
[only QPSK]
	¼

	Case 2
	8
	6
	6
	8
	8
	¼

	Case 3
	40
	2
	30
	40
	3
	¼

	Case 4
	40
	6
	30
	40
	8
	¼

	
	
	
	
	
	
	

	
	[6
	3
	4
	6
	5
	1/3]

	
	[36
	7
	32
	36
	8
	1/9]
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