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1. [bookmark: _Ref490222521]Introduction
In the RAN#96 meeting, the revised WID [1] on further NR coverage enhancements was discussed. The objectives related to power domain enhancements are captured 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)


According to the WID, 2 aspects need to be studied, including the necessity of high power UE (HPUE) and the necessity of frequency domain spectrum shaping (FDSS) enhancement. In this contribution, our views on these aspects are provided based on the agreements made in RAN1 #112bis-e meeting [2] and earlier meetings.
2. Discussions
2.1 Enhancements to realize increasing UE power high limit
	[bookmark: _Hlk131094631]Agreement
Further discussions in RAN1 concerning means to facilitate higher power transmissions in CA and DC, if applicable, can target increasing gNB awareness of UE’s Tx power, e.g., PHR reporting enhancement such as current power class, power class change, or application of P-MPR by UE (subject to RAN4’s input). 
· FFS: details.


In RAN1#112 meeting, it was agreed that RAN 1 could further discuss the means to facilitate higher power transmissions in CA and DC. However, the information that can improve gNB awareness of UE Tx power depends on further input from RAN4. 
	RAN4’ Reply LS
RAN4 would like to note that the delivery of high-power UL across all bands is dependent on SAR/MPE considerations at the UE during CA/DC operation. Regarding information exchange needed between the UE and gNB to improve scheduling and network performance when using higher power CA/DC, RAN4 has discussed UL power associated with possible solutions (Issue 4 and 5 in Topic#2 in [1]).
RAN4 has discussed several proposed schemes, however, there is no consensus on them yet.


In RAN4 #116 meeting, above LS response from RAN4 has been sent to RAN1 [3]. Several potential solutions (Issue 5 in Topic#2 in [4]) for information exchange needed between the UE and gNB to improve scheduling and network performance have been discussed, however, there is no consensus yet. 
	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 RAN1#112bis-e meeting, RAN1 discussed the advantages and disadvantages of the solutions identified by RAN4 to realize increasing UE power high limit for CA and DC. During the discussions, all the solutions have both pros and cons from RAN1 point of view, and whether any enhancements would be needed depends on RAN4 further discussions.
[bookmark: _Ref134604082]Observation 1: All HPUE solutions have both pros and cons from RAN1 point of view, and whether any enhancements would be needed depends on RAN4 further discussions.
2.2 Enhancements to reduce MPR/PAR
2.2.1 Potential solutions to be evaluated for MPR/PAR reduction
	Agreement
The following non-transparent solutions for MPR/PAR reduction are currently under discussion in RAN1.
· Frequency domain spectrum shaping w/ spectrum extension
· Tone reservation w/ spectrum extension
In addition, transparent schemes, for instance but not limited to frequency domain spectrum shaping w/o spectrum extension or schemes based on clipping and filtering, are also being evaluated to serve as a benchmark to assess the benefits of non-transparent solutions. Companies are allowed to use any transparent transmission scheme of their choice.


As agreed in RAN1#111 meeting, at least frequency domain spectrum shaping (FDSS) and Tone reservation (TR) are candidate solutions that can be studied for MPR/PAR reduction. 
For FDSS, shaping filter is introduced to reduce PAPR or MPR value, and transparent FDSS has already been supported in current spec. To improve the demodulation performance, FDSS with spectrum extension is proposed. Two typical methods of spectrum extension, reserve FDSS and repetition FDSS depending on whether the data are repeated in the extension PRBs or not, are illustrated in Figure 1. The ‘normal FDSS’ type in the figure refers to the legacy FDSS without spectrum extension. The ‘reserve FDSS’ type in the figure means several allocated PRBs on the edge are reserved, and the ‘repetition FDSS’ type means several edge PRBs are not only reserved but also used for repetition of part of the signals. The total occupied PRBs are equally configured for the 3 methods in the evaluation so that same spectrum efficiency can be assumed for fairness when they are compared. Compared with others, the repetition FDSS is expected to have extra demodulation performance gain since the repeated signal and origin signal can be combined on the receiver side.


[bookmark: _Ref118573657]Figure 1. Typical FDSS types 
[bookmark: _Hlk118190227]For tone reservation, Peak Reduction Tones (PRTs) are utilized to construct a compensating waveform on top of the waveform of the origin signal, and low PAPR waveform will be formed after OFDM modulation. No overlapping between PRTs and tones of origin signals will exist to preserve the EVM metric. Though no side information or additional operation is needed, computation complexity of constructing compensation waveform is too high, and peak reduction algorithms need to be considered case-by-case. In addition, although the PAPR/CM performance is improved with the larger number of preserved tones, the demodulation performance and spectral efficiency would be affected. Moreover, as shown in [5], CM performance of FDSS with spectrum extension is better than that of TR. Therefore, TR should be deprioritized compared with FDSS.
[bookmark: _Ref118712938]Observation 2: TR has worse performance and more spec. impact than FDSS.
According to the observation above, we have following proposal.
[bookmark: _Ref118712950][bookmark: _Ref127287739]Proposal 1: Prioritize FDSS evaluations for MPR/PAR reduction study.
2.2.2 DMRS extension for FDSS with SE
2.2.2.1 DMRS extension solution
	RAN1 #112
Agreement
[bookmark: OLE_LINK1][bookmark: OLE_LINK4]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).
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).
Working Assumption
· The following set of configurations is for companies’ consideration for the comparison of the performance of DMRS with FDSS-SE.
	No spectrum extension
	With spectrum extension

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

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

	8
	6
	6
	8
	8
	¼

	40
	2
	30
	40
	3
	¼

	40
	6
	30
	40
	8
	¼

	[6
	3
	4
	6
	5
	1/3]

	[36
	7
	32
	36
	8
	1/9]


· FR1 4GHz Urban scenario is prioritized.
· The following filters are for companies’ consideration for the calibration of the performance of DMRS with FDSS-SE
·  3-tap (0.28 1 0.28) 
· [Truncated RRC (0.5, 0.1667) or 2-tap (1 0.28)]  
· Note1: Considered metrics are PAPR/CM, 10% BLER SNR of data for the considered DMRS configuration (for measuring impact of channel estimation accuracy) [, and OBO]
· Note2: companies are encouraged to consider a receiver which at least makes use of the extension for the decoding (e.g., MRC)
· Note3: The values above serve as a common basis, but any other configuration can be studied by companies. 

RAN1 #112bis-e
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).


For DMRS sequence of DFT-s-OFDM PUSCH, current NR specification supports two sequence types, Low-PAPR sequence generation type 1 and Low-PAPR sequence generation type 2. For Low-PAPR sequence generation type 1, a cyclically extended Zadoff Chu sequence is used to generate DMRS sequence when sequence length is larger than or equal to 36, and QPSK modulated CGS sequence is used when sequence length is less than 36. For Low-PAPR sequence generation type 2, it is only enabled when pi/2-BPSK modulation is used for PUSCH [6]. The DMRS sequence is generated by a pi/2-BPSK modulated gold sequence when sequence length is larger than or equal to 30, and pi/2-BPSK modulated CGS is used when sequence length is 12/18/24 and 8PSK modulated CGS is used when DMRS length is 6. 
The DMRS extension solution is another aspect that needs clarification. Following three DMRS extension solutions were proposed when FDSS-SE is supported. For example, for Low-PAPR sequence generation type 1, i.e. ZC sequence, the generation of DMRS sequence is shown in Figure 2. 
· All-PRB solution: A DMRS sequence is generated considering the number of PRBs in the inband + extension. 
· Per-RE solution: A DMRS sequence is generated considering the number of PRBs in the inband. And the sequence is cyclically extended to span the PRBs in the extension.
· Per-RB solution: A DMRS sequence is generated considering the number of PRBs in the inband. And the sequence is symmetrically extended to span the PRBs in the extension.
It should be noted that, for Low-PAPR sequence generation type 1 with sequence length less than 36 and Low-PAPR sequence generation type 2, Per-RB solution and Per-RE solution are the same since the sequence length is not required to be a prime number. That is, Per-RE solution is only necessary to be discussed for the case of Low-PAPR sequence generation type 1 with sequence length larger than or equal to 36.
[bookmark: _Ref131692648]Observation 3: Per-RE solution is only necessary to be discussed for the case of Low-PAPR sequence generation type 1 with sequence length larger than or equal to 36.
	


	(a) All-PRB solution

	


	(b) Per-RE solution

	


	(c) Per-RB solution


[bookmark: _Ref131410253]Figure 2. Illustration of different DMRS extension solutions in case of 8 PRBs (Type1 pattern) with α=0.25

2.2.2.2 Performance evaluation of DMRS extension solutions
In order to analyze the performance difference of different DMRS extension methods when FDSS-SE is supported as discussed in previous section, following cases with different DMRS sequence lengths are defined and evaluated in link-level simulation. 
· [bookmark: _Hlk130545373]Case 1: DMRS sequence length before extension is larger than or equal to 30
· Case 1-1: Type 1 DMRS sequence with All-PRB solution
· Case 1-2: Type 1 DMRS sequence with Per-RB solution 
· Case 1-3: Type 1 DMRS sequence with Per-RE solution 
· Case 1-4: Type 2 DMRS sequence with All-PRB solution 
· Case 1-5: Type 2 DMRS sequence with Per-RB solution 
· Case 2: DMRS sequence length before extension is less than 30
· Case 2-1: Type 1 DMRS sequence with All-PRB solution 
· Case 2-2: Type 1 DMRS sequence with Per-RB solution 
· [bookmark: _Hlk131430733]Case 2-3: DFT transformation of Type 1 DMRS sequence with Per-RB solution 
· Case 2-4: Type 2 DMRS sequence with All-PRB solution 
· Case 2-5: Type 2 DMRS sequence with Per-RB solution 
In the simulation, FR1 4GHz Urban scenario with 3-tap filter with (0.28 1 0.28) is assumed, and all the combinations of PRB allocation and spectrum extension factor (α) as summarized in the RAN1 working assumption are considered. In data OFDM symbols, symmetric PRB extension is performed. In addition, although Low-PAPR sequence generation type 2 is not supported for QPSK modulated PUSCH in current spec., both pi/2-BPSK and QPSK modulation are evaluated with low-PAPR sequence generation type 2. The detailed evaluation assumptions can be found in Appendix A.
The results of BLER and CM performance of different DMRS extension solutions are provided in following paragraphs. As is known, for Low-PAPR sequence generation type 1, there are only 60 ZC sequences (with different u, v) with sequence length larger than or equal to 36 and 30 CGS sequences (with different u) with sequence length less than 36, resulting in a total of 60 and 30 CM values respectively for a fixed DMRS symbol. And it is the same situation for the case of Low-PAPR sequence generation type 2 with a sequence length of less than 30. Thus, the CM results of CCDF @1% can not be seen for these DMRS sequences in the figures, but the difference between different DMRS extension solutions can still be estimated to some extent.
· QPSK modulated PUSCH, DMRS length>=30
	[image: ]
	[image: ]


[bookmark: _Ref131410678]Figure 3. CM and BLER performance of QPSK modulated PUSCH with 6+2 RB and MCS0
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Figure 4. CM and BLER performance of QPSK modulated PUSCH with 6+2 RB and MCS6
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Figure 5. CM and BLER performance of QPSK modulated PUSCH with 30+10 RB and MCS2
	[image: ]
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Figure 6. CM and BLER performance of QPSK modulated PUSCH with 30+10 RB and MCS6
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[bookmark: _Ref131410684]Figure 7. CM and BLER performance of QPSK modulated PUSCH with 32+4 RB and MCS7
The results of CM and BLER performance of QPSK modulated PUSCH with different RB configurations when DMRS sequence length before extension is larger than or equal to 30 are provided in figures from Figure 3 to Figure 7. 
[bookmark: OLE_LINK6][bookmark: _Hlk131425690]For Type 1 DMRS sequence, the Per-RE DMRS extension has the best DMRS CM performance in all extension solutions, better than data CM performance in 6+2 PRB configuration and has a similar data CM performance in 30+10 or 32+4 PRB configuration. However, better DMRS CM performance does not lead to better BLER performance or demodulation performance. It could be observed that these different DMRS extension solutions of Type 1 DMRS sequence have a similar even identical BLER performance. 
[bookmark: _Hlk131429761][bookmark: _Hlk131431283]For Type 2 DMRS sequence, some performance gains of CM are seen, when sequence length is larger than or equal to 30, since Type 2 DMRS sequence is generated by a pi/2-BPSK modulated gold sequence, and the Pi-2/BPSK modulation naturally has better PAPR/CM performance than QPSK modulation. Therefore, the DMRS CM performances of Type 2 DMRS sequence are obviously better than that of data in all cases. Similar to Type 1 DMRS sequence, there is little difference in BLER performance among these different DMRS extension solutions, which is due to the fact that the bottleneck of performance is data transmission in this case. Besides above mentioned aspects, the BLER performance of Type 1 DMRS sequence is better than that of Type 2 DMRS sequence for both noFDSS and repetitionFDSS.
[bookmark: _Ref131692649][bookmark: _Ref131692969]Observation 4: For QPSK modulated PUSCH, when DMRS sequence length before extension is larger than or equal to 30, 
· For Type 1 DMRS sequence, the Per-RE solution has the best DMRS CM performance and is better than or similar to data CM performance, then the Per-RB solution, All-PRB solution. 
· For Type 2 DMRS sequence, all DMRS extension solutions have better CM performance than data CM performance, as Type 2 DMRS sequence is generated by a pi/2-BPSK modulated gold sequence.
· The DMRS CM performance of Type 1 DMRS sequence is worse than Type 2 DMRS sequence.
[bookmark: _Ref131692652][bookmark: _Ref131692971]Observation 5: For QPSK modulated PUSCH, when DMRS sequence length before extension is larger than or equal to 30, 
· For Type 1 DMRS sequence, all DMRS extension solutions have identical BLER performance. 
· For Type 2 DMRS sequence, the difference in BLER performance between all DMRS extension solutions is very small.
· The BLER performance of Type 1 DMRS sequence is better than Type 2 DMRS sequence.

· QPSK modulated PUSCH, DMRS length<30
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[bookmark: _Ref131430641]Figure 8. CM and BLER performance of QPSK modulated PUSCH with 4+2 RB and MCS3
The results of CM and BLER performance of QPSK modulated PUSCH when DMRS sequence length before extension is less than 30 are provided in Figure 8. There is a new DMRS processing scheme, Per-RB DMRS extension of Type 1 DMRS sequence followed by DFT transformation, that is, Case 2-3.
For Type 1 DMRS sequence, the Per-RB solution using DFT transformation has better DMRS CM performance than normal Per-RB solution (w/o DFT transformation) and is similar to the data CM performance, but the BLER performance is worse than normal Per-RB solution and is similar to the BLER performance of All-PRB solution. For Type 2 DMRS sequence, the All-PRB solution has the best DMRS CM performance and is better than data CM performance. However, the BLER performance of the Per-RB solution is best, with 0.5dB gain compared to All-RB solution, and has a similar BLER performance to the Per-RB solution of Type 1 DMRS sequence.
[bookmark: _Ref131692653][bookmark: _Ref131692973]Observation 6: For QPSK modulated PUSCH, when DMRS sequence length before extension is less than 30, 
· For Type 1 DMRS sequence, the Per-RB solution using DFT transformation has the best DMRS CM performance and is similar to the data CM performance, then All-PRB solution and Per-RE solution.
· For Type 2 DMRS sequence, the DMRS CM performance of All-PRB solution is better than Per-RB solution, and there are all better than data CM performance.
· The DMRS CM performance of Type 1 DMRS sequence is worse than Type 2 DMRS sequence.
[bookmark: _Ref131692654][bookmark: _Ref131692974]Observation 7: For QPSK modulated PUSCH, when DMRS sequence length before extension is less than 30, 
· For Type 1 DMRS sequence, the Per-RB solution and All-PRB solution have better BLER performance than the Per-RB solution using DFT transformation.
· For Type 2 DMRS sequence, the Per-RB solution has better BLER performance than the All-PRB solution.
· The Per-RB solution of Type 2 DMRS sequence has a similar BLER performance to Per-RB solution of Type 1 DMRS sequence.
Furthermore, as we mentioned in previous discussions, the current NR protocol does not support the application of Low-PAPR sequence generation type 2 to generate DMRS sequences when PUSCH is modulated by QPSK. The reason that such combination was not supported in earlier release is that the tx power of PUSCH transmission would be restricted by the CM of data symbols other than that of DMRS symbols. Therefore we have following observation and proposal.
[bookmark: _Ref131692656]Observation 8: It is not supported to generate DMRS sequences through Low-PAPR sequence generation type 2 when PUSCH is modulated by QPSK in the current NR protocol as the tx power of PUSCH transmission would be restricted by the CM of data symbols other than the CM of DMRS symbols.
[bookmark: _Ref131693164]Proposal 2: If FDSS-SE is supported for QPSK modulated PUSCH, only Type 1 DMRS sequence generation is supported.
For low-PAPR sequence generation type 1, although Per-RE solution shows some CM gain, its demodulation performance is similar to other solutions in link level evaluations. In addition to the link-level simulation, RF evaluation is more important since it would check the actual power boost gain that can be achieved via FDSS enhancement. Table 1 shows the power gain of Type 1 DMRS sequence with sequence length before extension is larger than or equal to 30 when different DMRS extension solutions are applied. In RF evaluation, the basic parameters are consistent with those in LLS evaluation, and the PRBs are allocated in the centre of bandwidth. As is observed in following results, for QPSK modulated PUSCH, the power gain is improved for repetition FDSS compared with no FDSS. However, by comparing different DMRS extension solutions, the difference in power gain between them is small, mostly less than 0.1 dB, and with a maximum of only 0.23 dB.
[bookmark: _Ref131692725]Table 1. Power gain for QPSK modulated PUSCH and Type 1 DMRS sequence
	RB and MCS cfg
	NoFDSS
	RepetitionFDSS
All-PRB solution
	RepetitionFDSS
Per-RB solution
	RepetitionFDSS
Per-RE solution

	6+2, MCS0 (w/o SE)
	0
	IBE
	0.618
	IBE
	0.642
	IBE
	0.648
	IBE

	6+2, MCS6 (w/o SE)
	0
	IBE
	1.233
	EVM
	1.274
	IBE
	1.273
	IBE

	30+10, MCS2 (w/o SE)
	0
	IBE
	0.846
	EVM
	1.023
	IBE
	1.082
	IBE

	30+10, MCS6 (w/o SE)
	0
	IBE
	0.377
	EVM
	0.555
	IBE
	0.614
	IBE

	32+4, MCS7 (w/o SE)
	0
	IBE
	0.505
	IBE
	0.521
	IBE
	0.54
	IBE

	4+2, MCS3 (w/o SE)
	0
	IBE
	0.621
	EVM
	0.660
	EVM
	-
	-


[bookmark: _Ref131692657]Observation 9: For QPSK modulated PUSCH, when DMRS sequence length before extension is larger than or equal to 30, for Type 1 DMRS sequence, the power boost of Per-RB and Per-RE solutions are similar and slightly higher than the power boost of All-PRB solution.  
Considering Per-RB solution has a similar power boost to Per-RE solution and to reduce UE complexity of FDSS-SE operation, Per-RB extension solution is preferred in order to ensure a unified extension operation for DMRS and data.
Following  proposals were made based on above analysis:
[bookmark: _Ref131693165]Proposal 3: If FDSS-SE is supported for QPSK modulated PUSCH, no matter whether the DMRS sequence length before extension is larger than or equal to 30 or less than 30, apply Per-RB solution to the Type 1 DMRS sequence.
2.2.3 UE capability and FDRA
If FDSS with or without spectrum extension is supported in Rel-18, UE capabilities of FDSS should be further discussed. 
Different UEs may have different FDSS-related UE capabilities, like supporting FDSS on PUSCH with QPSK modulation, supporting FDSS-SE, and so on. To enable scheduling of a UE with an FDSS-related function, the information on UE capability should be reported to the gNB. Thereby we have following observation.
[bookmark: _Ref134604100]Observation 10: Different types of FDSS methods require different UE capabilities.  
If FDSS-SE is supported in Rel-18, whether the PRBs in FDRA include the extended PRBs should also be further discussed. 
For FDRA signaling, the FDRA field in DCI could be reused to indicate the resource allocation in frequency domain. There are two approaches to defining the FDRA field. The first approach is that the FDRA field indicates the RB allocation of inband. The other approach is that the FDRA field indicates the RB allocation of inband+extension. 
If the FDRA field indicates RB allocation of inband, the power control formula would be impacted. In current spec., the UL transmission power (e.g. PUSCH) is calculated based on the indicated RB number in FDRA filed. The extension RBs should also be reflected in power control formula, since it also requires some power for transmission. 
If the FDRA field indicates RB allocation of inband+extension, the TBS determination, DMRS sequence and mapping (if the sequence length only considers inband PRBs) and DFT size requirement would be impacted. In current spec., TBS determination is calculated indirectly based on the total number of PRBs indicated by the FDRA field. In this case, the extension RBs should be precluded from the number of PRBs indicated by FDRA field for TBS determination, otherwise, this would result in a larger TBS than expected. In addition, the extension factor value or the total bandwidth size will be limited in order to ensure that the number of inband resources meets the DFT size requirements of , where ,, is a set of non-negative integers.
According to above, we have following observation.
[bookmark: _Ref135049040]Observation 11: The inband indication of FDRA is more suitable than the inband+extension indication due to less spec impact.  
3. Conclusion
In this contribution, we discuss the necessity of HPUE and FDSS related enhancement, and have following observations and proposals: 
Observation 1: All HPUE solutions have both pros and cons from RAN1 point of view, and whether any enhancements would be needed depends on RAN4 further discussions.
Observation 2: TR has worse performance and more spec. impact than FDSS.
Observation 3: Per-RE solution is only necessary to be discussed for the case of Low-PAPR sequence generation type 1 with sequence length larger than or equal to 36.
Observation 4: For QPSK modulated PUSCH, when DMRS sequence length before extension is larger than or equal to 30, 
· For Type 1 DMRS sequence, the Per-RE solution has the best DMRS CM performance and is better than or similar to data CM performance, then the Per-RB solution, All-PRB solution. 
· For Type 2 DMRS sequence, all DMRS extension solutions have better CM performance than data CM performance, as Type 2 DMRS sequence is generated by a pi/2-BPSK modulated gold sequence.
· The DMRS CM performance of Type 1 DMRS sequence is worse than Type 2 DMRS sequence.
Observation 5: For QPSK modulated PUSCH, when DMRS sequence length before extension is larger than or equal to 30, 
· For Type 1 DMRS sequence, all DMRS extension solutions have identical BLER performance. 
· For Type 2 DMRS sequence, the difference in BLER performance between all DMRS extension solutions is very small.
· The BLER performance of Type 1 DMRS sequence is better than Type 2 DMRS sequence.
Observation 6: For QPSK modulated PUSCH, when DMRS sequence length before extension is less than 30, 
· For Type 1 DMRS sequence, the Per-RB solution using DFT transformation has the best DMRS CM performance and is similar to the data CM performance, then All-PRB solution and Per-RE solution.
· For Type 2 DMRS sequence, the DMRS CM performance of All-PRB solution is better than Per-RB solution, and there are all better than data CM performance.
· The DMRS CM performance of Type 1 DMRS sequence is worse than Type 2 DMRS sequence.
Observation 7: For QPSK modulated PUSCH, when DMRS sequence length before extension is less than 30, 
· For Type 1 DMRS sequence, the Per-RB solution and All-PRB solution have better BLER performance than the Per-RB solution using DFT transformation.
· For Type 2 DMRS sequence, the Per-RB solution has better BLER performance than the All-PRB solution.
· The Per-RB solution of Type 2 DMRS sequence has a similar BLER performance to Per-RB solution of Type 1 DMRS sequence.
Observation 8: It is not supported to generate DMRS sequences through Low-PAPR sequence generation type 2 when PUSCH is modulated by QPSK in the current NR protocol as the tx power of PUSCH transmission would be restricted by the CM of data symbols other than the CM of DMRS symbols.
Observation 9: For QPSK modulated PUSCH, when DMRS sequence length before extension is larger than or equal to 30, for Type 1 DMRS sequence, the power boost of Per-RB and Per-RE solutions are similar and slightly higher than the power boost of All-PRB solution.
Observation 10: Different types of FDSS methods require different UE capabilities.
Observation 11: The inband indication of FDRA is more suitable than the inband+extension indication due to less spec impact.
 
Proposal 1: Prioritize FDSS evaluations for MPR/PAR reduction study.
Proposal 2: If FDSS-SE is supported for QPSK modulated PUSCH, only Type 1 DMRS sequence generation is supported.
Proposal 3: If FDSS-SE is supported for QPSK modulated PUSCH, no matter whether the DMRS sequence length before extension is larger than or equal to 30 or less than 30, apply Per-RB solution to the Type 1 DMRS sequence.
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Appendix A - link level simulation assumptions
[bookmark: _Ref1208685]Table I. LLS simulation assumption
	Parameters
	Values

	Channel 
	PUSCH, 14 symbols 

	Carrier frequency and scenario
	4GHz

	Channel BW
	100MHz

	SCS
	30 kHz

	Channel model
	TDL-C 300ns

	UE speed
	3km/h

	Waveform
	DFT-s-OFDM

	Modulation
	QPSK

	Number of Tx antennas
	1

	Number of Rx antennas
	4

	Number of DMRS symbols
	2

	Number of PUSCH data symbols
	12

	HARQ configuration
	No retransmissions

	Frequency hopping
	Disabled

	Extension factor [FDSS-SE] (α)
	1/9, 1/4, 1/3

	BLER
	10%

	Power class
	PC 3
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