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Introduction
Within a WID for Rel. 18 CovEnh [1], power domain enhancements are described 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)
This document provides our view on the enhancements to reduce MPR/PAR.

Enhancements to reduce MPR/PAR
In RAN1#110-bis-e, the following agreement has been reached.
	Agreement
At least the following candidate solutions for MPR/PAR reduction will be studied in RAN1.
· Frequency domain spectrum shaping w/ spectrum extension
· Frequency domain spectrum shaping w/o spectrum extension
· Tone reservation (which can only be w/ spectrum extension)



In Rel. 15, NR supports frequency domain spectrum shaping (FDSS) without spectrum extension for pi/2 BPSK. In Rel. 16, the FDSS work has continued to design lowered-PAPR DMRS for the case of PUSCH with pi/2 BPSK in order to reduce the PAPR to the same level as that of data symbols. With such understanding, we think that there is no need to further study FDSS without SE in Rel. 18 from RAN1 perspective, but it is rather reference to other schemes. Therefore, we focus on discussing the design aspect of FDSS with SE and the design aspect of tone reservation in the following sections. 

Design aspect of FDSS-SE
It has been observed that in the power-domain, with a reduction of MPR/PAR, larger output power can be obtained from a given power amplifier (PA) system under given emission constraints and transmit signal passband quality requirements. This directly improves coverage area. In Rel. 15/16, NR FDSS without SE does not specify an exact shaping function, however, certain requirements are defined which yield boundary conditions for shaping filter implementations, i.e., gNB does not have knowledge of the exact FDSS filter or shaping function used in a UE. This approach allows UE vendors to pursue their own implementation and performance optimizations, while the system performance is guaranteed through the minimum RF requirements specified, such as transmit signal spectral flatness, in-band / output back-off (OBO) emissions, and EVM [2]. We think this approach can be reused for Rel. 18 CovEnh. 

Moreover, during SI phase, it has been shown that by applying FDSS with SE for QPSK, the achievable reduction of PAR can reach the lowered-PAR level of pi/2 BPSK FDSS at the PRB allocations of interest for coverage, as shown in the following observation [3].
At the PRB allocations of interest for coverage, the OBO difference between pi/2 BPSK FDSS and QPSK FDSS with SE is reported as 0-0.3 dB.
[bookmark: _Hlk115018990]
Extension factor

Regarding general design aspect, the FDSS with SE includes SE part and non-SE part (aka inband part). In RAN1#111, it has been agreed that at least the symmetric SE option for FDSS with SE is considered for studying MPR/PAR reduction enhancements in Rel-18.
The SE part and non-SE part can be determined by using an extension factor α. For instance, Fig. 1 shows an example of diagram of NR UL transmitter supporting FDSS and SE, wherein the whole bandwidth of the SE part and non-SE part is expressed as , where  denotes the bandwidth of non-SE part, named as possibility A. Another possibility B is that when the SE part and non-SE part are allocated within , then the SE part and non-SE part can be determined as  and , respectively, wherein  is given by spectrum extension size / total allocation size such that a size of SE part is expressed in integer units of RBs. Both possibilities can work. For simplicity, we can select the possibility B such that the current values () of bandwidth configuration of the FDSS in the existing specifications can be reused to the FDSS with SE by just using the calculations of  and   when a feature of the FDSS with SE is configured/triggered. We think that one or more extension factors can be considered to determine SE part. Therefore, we propose the following.

Proposal 1: If FDSS with SE is supported, one or more extension factors can be considered to determine spectrum extension part.

[image: ]
Fig. 1. An example of diagram of NR UL transmitter supporting FDSS with SE

The non-SE part can be used for both data and DMRS, while SE part can be used for DMRS. Hence, DMRSs in both SE part and non-SE part are used to estimate channel for achieving diversity gain. Inter-user interference due to overlapping of SEs among different UEs can be handled by gNB’s receiver depending on spatial orthogonality (or close to orthogonality).

Regarding the extension factor α, we observe that for a given modulation order, a greater value of  is used, more PRBs or sub-carriers can be used for SE part, so a lower MPR/PAR can be achieved, larger output power can be obtained while still meeting the minimum RF requirements. However, when the greater value of  is used, the achievable spectral efficiency is reduced. Therefore, the extension factor α can be considered as a tradeoff between the achievable reduction of MPR/PAR and the achievable spectral efficiency. It implies that an optimal value of  could be determined by analyzing the tradeoff. For an example, it has been shown in [4] that  provides lowest PAPR for QPSK modulation. 

Observation 1: The extension factor α can be considered as a tradeoff between the achievable reduction of MPR/PAR and the achievable spectral efficiency.

Furthermore, when the extension factor α is a constant value, there is no need of signalling of α. Due to the PRB allocations of interest for coverage and a consideration of the achievable spectral efficiency, α is only used less than a certain PRB allocation, where the condition to apply the extension factor α is commonly known between UE and gNB. 

FDRA field indication

In RAN1#112-bis-e, it has been discussed whether FDRA field indicates a non-SE part (i.e., inband part) only or a total band (i.e., SE part + non-SE part, or inband part + extension part). We think that if FDRA field indicates non-SE part only, the advantages might be to reuse FDRA field and the existing TBS calculation as the legacy, so that the impact on implementation matter at UE side for supporting FDSS with SE could be minimized. The disadvantage is that power control (or other functions), which is relied on the total number of RBs including SE part, would need to operate on a different quantity than what is indicated in FDRA field. The different quantity can be derived from the non-SE part (i.e., inband part). Although both schemes can work, to adjust power control would be simpler than TBS calculation. Therefore, we propose the following 

Proposal 2: If FDSS with SE is supported, the FDRA field indicates the number of PRBs in the inband.
· 
FFS: Determination of resource assignment   in the uplink power control calculation.
· Note: Whether this will have any RAN1 specification impact 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).


Design aspect of tone reservation
A common design aspect between FDSS with SE and tone reservation is to require the specific frequency-domain resource allocations for a purpose of reducing MPR/PAR. Particularly, the principle of tone reservation method is to reserve tones (sub-carriers, PRBs, etc.) for a UE to generate a compensating signal that is added to the original signal in order to achieve a lowered-MPR/PAR signal. The size of the reserved tones (aka sideband tone reservation size) can impact on MPR/PAR reduction. There would be no overlapping between the the reserved tones and the subcarriers used for transmitting the data.

Proposal 3: If tone reservation is supported, one or more extension factors can be considered to determine sideband tone reservation size.

If the tone reservation is supported, there could be two available methods that can be configured to a UE, i.e., a method of Rel. 16 FDSS without SE and a method of tone reservation in Rel. 18. If both methods are independently configured to work at the same time, where each component works separately on its own. There may be following potential issues. 
· Potential issue 1: Radio resource in frequency-domain are not utilized which results in low spectral efficiency. 
· For example, in Fig. 2, only a few tones from legacy resource allocations in frequency-domain in Rel. 15/16 FDSS are used for data
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Fig. 2. An example of radio resource allocations in frequency-domain creates issue 1
· Potential issue 2: If the resource allocations in frequency-domain are not properly configured, the achievable reduction of MPR/PAR may be decreased. 
· For example, in Fig. 3, Rel. 15/16 FDSS and tone reservation do not work well because a part of the reserved tones for UE#1 is overlapped with a part of data tones for UE#2 in a not proper configuration of the resource allocations.
[image: ]
Fig. 3. An example of radio resource allocations in frequency-domain creates issue 2

Observation 2: In Alt. 2, when the reserved tones is not properly configured, the operation of tone reservation can conflict with the operation of Rel. 15/16 FDSS without SE.

In order to avoid the potential issues 1 and 2, the resource allocations in frequency-domain are required to be properly configured for the two methods. In this case, it requires the discussion on integration of FDSS with SE and tone reservation 

Performance evaluation of potential designs of DMRS in FDSS-SE
In RAN1#112, the following agreements and working assumption were made on DMRS enhancements in FDSS-SE.
	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).

Agreement:
· If FDSS-SE is supported in Rel.18, and RB allocation 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: 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]
	1/4

	8
	6
	6
	8
	8
	1/4

	40
	2
	30
	40
	3
	1/4

	40
	6
	30
	40
	8
	1/4

	[6
	3
	4
	6
	5
	1/3]

	[36
	7
	32
	36
	8
	1/9]


· FR1 4 GHz 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)]
· Note 1: Considered metrics are PAPR / CM, 10 % BLER SNR of data for the considered DMRS configuration (for measuring impact of channel estimation accuracy) [, and OBO]
· Note 2: Companies are encouraged to consider a receiver which at least makes use of the extension of the decoding (e.g., MRC).
· Note 3: The values above serve as a common basis, but any other configuration can be studied by companies.



Based on the above agreements and working assumption, we evaluate PAPR/CM performance of potential designs of DMRS in FDSS-SE. Table 1 shows the evaluation assumptions.

Table 1: Evaluation assumptions
	Carrier frequency
	4 GHz

	Channel bandwidth
	100 MHz

	SCS
	30 kHz

	Number of PRBs
	For no spectrum extension: 8, 40
For spectrum extension:
6, 30 (before extension)
8, 40 (after extension)

	Modulation scheme
	QPSK

	Spectrum extension factor
	1/4

	Spectrum sharing filter
	3-tap (0.28 1 0.28)



We evaluate the following approaches of DMRS sequence generation for the potential designs. The examples of the approaches of DMRS sequence generation are illustrated in Fig. 4.
· For DMRS sequence Type 1 (i.e., ZC-sequence based DMRS is used)
· Approach A: DMRS sequence is extended. A DMRS sequence is generated by considering the number of PRBs in the inband (no extension). The sequence length depends on the number of PRBs in the inband.
· Approach A-1: The sequence is cyclically extended to span the PRBs in the extension.
· Approach A-2: DMRS extension is applied similar to data to span the PRBs in the extension.
· 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.
· For DMRS sequence Type 2 (i.e., pi/2-BPSK based DMRS is used)
· Approach A: DMRS sequence is extended. A DMRS sequence is generated by considering the number of PRBs in the inband (no extension). The sequence length depends on the number of PRBs in the inband.
· Approach A-2: DMRS extension is applied similar to data to span the PRBs in the extension.
· 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.


[image: ]
(a) Approach A-1
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(b) Approach A-2
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(c) Approach B

Fig. 4. DMRS sequence generation approaches (6 PRBs => 8 PRBs)

Tables 2 and 3 show the PAPR and CM of DMRS sequence at CCDF = 10-1. For a comparison, PAPR and CM of data are also shown. Note that CCDF of PAPR and CM are shown in the figures in Appendix.

It can be observed from Table 2 that when DMRS sequence Type 1 is used, Approach A-1 (the sequence is cyclically extended to span the PRBs in the extension) provides the best PAPR/CM performance. Approach B (A DMRS sequence is generated considering the number of PRBs in the inband + extension) provides the almost the same PAPR/CM performance as data symbols, while PAPR/CM performance of Approach A-2 (DMRS extension is applied similar to data to span the PRBs in the extension) is worse than that of data symbols. It can be observed from Table 3 that when DMRS sequence Type 2 is used, Approach B (a DMRS sequence is generated considering the number of PRBs in the inband + extension) provides the slightly better PAPR/CM performance than Approach A-2, while both approaches provide better PAPR/CM performance than data symbols.

Table 2: PAPR/CM of DMRS sequence Type 1 at CCDF = 10-1
	
	PAPR at CCDF = 10-1
	CM at CCDF = 10-1

	Number of PRBs after extension
	8 PRBs
	40 PRBs
	8 PRBs
	40 PRBs

	DMRS w/o FDSS-SE
	4.4 dB
	6.2 dB
	2.00 dB
	3.05 dB

	DMRS w/ FDSS-SE, Approach A-1
	2.3 dB
	3.0 dB
	0.85 dB
	1.05 dB

	DMRS w/ FDSS-SE, Approach A-2
	4.9 dB
	6.2 dB
	2.02 dB
	2.04 dB

	DMRS w/ FDSS-SE, Approach B
	3.4 dB
	4.0 dB
	1.62 dB
	2.40 dB

	Data w/o FDSS-SE
	6.4 dB
	6.9 dB
	2.34 dB
	2.15 dB

	Data w/ FDSS-SE
	3.3 dB
	3.4 dB
	1.22 dB
	1.12 dB



Table 3: PAPR/CM of DMRS sequence Type 2 at CCDF = 10-1
	
	PAPR at CCDF = 10-1
	CM at CCDF = 10-1

	Number of PRBs after extension
	8 PRBs
	40 PRBs
	8 PRBs
	40 PRBs

	DMRS w/o FDSS-SE
	4.8 dB
	5.3 dB
	1.26 dB
	2.12 dB

	DMRS w/ FDSS-SE, Approach A-2
	2.1 dB
	2.1 dB
	0.12 dB
	0.04 dB

	DMRS w/ FDSS-SE, Approach B
	1.9 dB
	2.0 dB
	0.10 dB
	0.01 dB

	Data w/o FDSS-SE
	6.4 dB
	6.9 dB
	2.34 dB
	2.15 dB

	Data w/ FDSS-SE
	3.3 dB
	3.4 dB
	1.22 dB
	1.12 dB



Based on the above PAPR/CM evaluation, Approach A-1 is the best candidate design for DMRS sequence Type 1. Approach B is also acceptable. For DMRS sequence Type 2, Approach B provides slightly better PAPR/CM performance than Approach A-2, but since there is not much performance difference between Approach A-2 and Approach B, either Approach A-2 or Approach B can be the candidate design for DMRS sequence Type 2.

Observation 3: For DMRS enhancement in FDSS-SE, for DMRS sequence Type 1, Approach A-1 (the sequence is cyclically extended to span the PRBs in the extension) provides the best PAPR/CM performance.

Observation 4: For DMRS enhancement in FDSS-SE, for DMRS sequence Type 2, Approach B (a DMRS sequence is generated by considering the number of PRBs in the inband + extension) provides the slightly better PAPR/CM performance than Approach A-2 (DMRS extension is applied similar to data to span the PRBs in the extension).

Proposal 4: If FDSS with SE is supported, for DMRS sequence Type 1, either of following DMRS designs is supported.
· Approach A: DMRS sequence is extended. A DMRS sequence is generated by considering the number of PRBs in the inband (no extension). The sequence length depends on the number of PRBs in the inband.
· Approach A-1: The sequence is cyclically extended to span the PRBs in the extension.
· 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.

Proposal 5: If FDSS with SE is supported, for DMRS sequence Type 2, either of following DMRS designs is supported.
· Approach A: DMRS sequence is extended. A DMRS sequence is generated by considering the number of PRBs in the inband (no extension). The sequence length depends on the number of PRBs in the inband.
· Approach A-2: DMRS extension is applied similar to data to span the PRBs in the extension.
· 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.

Conclusions
In this contribution, we provide our view on power domain enhancements. We made the following observations and proposals. 

Observations
Observation 1: The extension factor α can be considered as a tradeoff between the achievable reduction of MPR/PAR and the achievable spectral efficiency.

Observation 2: In Alt. 2, when the reserved tones is not properly configured, the operation of tone reservation can conflict with the operation of Rel. 15/16 FDSS without SE.
Observation 3: For DMRS enhancement in FDSS-SE, for DMRS sequence Type 1, Approach A-1 (the sequence is cyclically extended to span the PRBs in the extension) provides the best PAPR/CM performance.

Observation 4: For DMRS enhancement in FDSS-SE, for DMRS sequence Type 2, Approach B (a DMRS sequence is generated by considering the number of PRBs in the inband + extension) provides the slightly better PAPR/CM performance than Approach A-2 (DMRS extension is applied similar to data to span the PRBs in the extension).

Proposals
Proposal 1: If FDSS with SE is supported, one or more extension factors can be considered to determine spectrum extension part.

Proposal 2: If FDSS with SE is supported, the FDRA field indicates the number of PRBs in the inband.
· 
FFS: Determination of resource assignment   in the uplink power control calculation.
· Note: Whether this will have any RAN1 specification impact 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).

Proposal 3: If tone reservation is supported, one or more extension factors can be considered to determine sideband tone reservation size.

Proposal 4: If FDSS with SE is supported, for DMRS sequence Type 1, either of following DMRS designs is supported.
· Approach A: DMRS sequence is extended. A DMRS sequence is generated by considering the number of PRBs in the inband (no extension). The sequence length depends on the number of PRBs in the inband.
· Approach A-1: The sequence is cyclically extended to span the PRBs in the extension.
· 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.

Proposal 5: If FDSS with SE is supported, for DMRS sequence Type 2, either of following DMRS designs is supported.
· Approach A: DMRS sequence is extended. A DMRS sequence is generated by considering the number of PRBs in the inband (no extension). The sequence length depends on the number of PRBs in the inband.
· Approach A-2: DMRS extension is applied similar to data to span the PRBs in the extension.
· 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.
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Appendix: CCDF of PAPR / CM
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(a) PAPR
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(b) CM
Fig. 5. CCDF of PAPR/CM (DMRS sequence Type 1, Number of PRBs after extension = 8)
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(a) PAPR
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(b) CM
Fig. 6. CCDF of PAPR/CM (DMRS sequence Type 1, Number of PRBs after extension = 40)
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(a) PAPR
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(b) CM
Fig. 7. CCDF of PAPR/CM (DMRS sequence Type 2, Number of PRBs after extension = 8)
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(a) PAPR
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(b) CM
Fig. 8. CCDF of PAPR/CM (DMRS sequence Type 2, Number of PRBs after extension =408)
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