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Introduction
In RAN1#111 meeting, the following agreement has been made on power domain enhancements [1]:
Agreement
· At least the following enhancements to information exchange between UE and gNB to facilitate higher power transmissions in CA and DC can be considered for study. Enhanced signaling, if necessary and subject to RAN4’s input, to allow: 
· Determination at gNB of power class change at the UE
· Increased awareness at gNB of energy/power availability at the UE, e.g., a budget.
· More informative PHR to be sent from UE to gNB, which may include, e.g., P-MPR related information, power headroom for carrier configured for DL but not UL, power class change indication.
· More effective scheduling decisions in the context of UL CA, e.g., best band combination, preferred carrier for servicing uplink, adaptive load sharing across sharing, 
· Other options are not precluded.

Agreement
For RAN1 link-level performance evaluation of MPR/PAR reduction solutions involving the use of Tx spectrum shaping filter, companies are encouraged to use at least the following spectrum shaping filter configuration for calibration purpose:
· 2-tap, e.g., (1 0.28), 3-tap, e.g., (0.335 1 0.335), and (0.28 1 0.28) 
· Truncated RRC (0.5, 0.1667)  
There is no restriction to use other spectrum shaping filter coefficients in simulations, e.g., [1 0.28]. 
Note: the above does not have spec impact.
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.
Agreement
At least the symmetric spectrum extension option for frequency domain spectrum shaping with spectrum extension (FDSS-SE), are considered for studying MPR/PAR reduction enhancements in Rel-18.
Conclusion
It is RAN1 understanding that:
· Performance comparison based on net gain results combining transmitter and receiver performance is performed by RAN4.
· No final decision would be taken by RAN1 on which MPR/PAR reduction solution, will be specified in Rel-18, if any, since this is RAN4’s responsibility.
· It does not preclude RAN1 specification impact
Agreement
For the study of the PAPR/CM of DMRS when considering tone reservation as candidate enhancement for MPR/PAR reduction in Rel-18, RAN1 to consider at least the case that PRTs are added to the DMRS symbols (in the sideband). The case of PRTs not added to DMRS symbols can be used as a benchmark.
Agreement
The LS out RAN1 aims at drafting before the end of RAN1 #111 should include at least the following three parts:
1. List of candidate non-transparent and an initial list of transparent (if any) schemes considered for study by RAN1
2. Schemes-specific parameterization used by RAN1 for evaluation, e.g., spectrum extension factor and cyclic shift (if applicable), sideband size, filter assumptions (if any), channel model and so on.
3. Further parameterizations used in RAN1 evaluations, e.g., carrier frequency, channel model and so on.
Agreement
The following baseline parameterization is used for link-level performance evaluation of MPR-PAR reduction solutions in RAN1 for Rel-18. 
	Channel 
	PUSCH, 14 symbols 

	Carrier frequency and scenario
	4GHz (Urban), 
28GHz (Urban)
700MHz (Rural),

	Channel BW
	100MHz for Urban
20MHz for Rural,

	SCS
	30 kHz (4GHz), 
120 kHz (28GHz)
15 kHz (700 MHz), 

	Channel model
	TDL-C 300ns for FR1 Urban (4GHz), 
TDL-A 30ns for FR2 Urban (28GHz), 
TDL-D 30ns for Rural

	UE speed
	3km/h

	Waveform
	According to agreements

	Modulation
	According to agreements

	Number of Tx antennas
	1, Optional: 2 

	Number of Rx antennas
	4 for FR1 Urban, 
2 for FR2,
2 or 4 for FR1 Rural, 

	Number of DMRS symbols
	2

	Number of PUSCH data symbols
	12

	HARQ configuration
	No retransmissions

	Frequency hopping
	Disabled

	Number of PRBs
	Reported by companies

	MCS
	Chosen as a function of the number of PRBs to guarantee same spectral efficiency between MPR/PAR reduction solutions and baseline/benchmarks as per agreements

	Extension factor [FDSS-SE] / sideband size [TR] (α)
	[1/8, 1/4, 3/8] is encouraged. 

	BLER
	10%


For any parameter that is not listed in the table, companies are encouraged to consider corresponding value from TR 38.830 (or TR 38.868, if the parameter is absent in TR 38.830) and report the parameter with the results.
Notes: 
· Other configurations and scenarios can be studied, and corresponding results can be reported.
· RAN1 to inform RAN4 about the content of the table.
· This table can be updated in future meetings, especially if alignment with assumptions and parameterization in RAN4 is needed

Agreement
Study the PAPR/CM[/OBO] of DMRS with FDSS-SE, e.g., the following solutions:
· Option 1 - Based on low PAPR Type 1 DMRS sequence:
· 1-a:  A 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.
· 1-b 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. The sequence is then cyclically extended to span the PRBs in the extension.
· 1-c 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. DMRS extension is applied similar to data to span the PRBs in the extension.
· Option 2 - Based on low PAPR type 2 DMRS sequence
· Variances like those of Option 1 can be referred
· Option 3 – For in-band DMRS lengths 6/12/18/24 symbols, DMRS sequence is obtained by DFT transformation of low PAPR sequence type 1. Then the sequence is extended to span the PRBs in the extension in the same way as data extension.
Note: Other solutions can be studied. Comparison with the three solutions above is encouraged. Sequence with different density between in-band and extension can be studied.
Working Assumption
· The following set of configurations is for companies’ consideration for the calibration of the link performance of MPR/PAR reduction techniques.
	 
	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

	2408
	963.2 kbps
	16
	7
	14
	16
	8
	1/8 

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

	272
	108.8 kbps
	8
	0
	6
	8
	1
	¼

	1032
	412.8 kbps
	8
	6
	6
	8
	8
	¼

	2152
	~0.9 Mbps
	40
	2
	30
	40
	3
	¼

	4992
	~2.0 Mbps
	40
	6
	30
	40
	8
	¼

	552
	220.8 kbps
	16
	0
	10
	16
	2
	3/8

	1736
	694.6 kbps
	32
	2
	20
	32
	4
	3/8

	[432
	172.8 kbps
	8
	2
	6
	8
	3
	¼]

	[808
	323.2 kbps
	24
	0
	18
	24
	1
	¼]


· The values above serve as a common basis, but any other configuration and result reported by companies will be considered for any input related to LLS that RAN1 may provide to RAN4. 
· Results of the simulations of MPR/PAR reduction solutions which companies may report in contributions to RAN1 #112 should be reported using the template in R1-2212918.
· Note: At least 10% BLER SNR is reported

In this contribution, we further discuss the power domain enhancements for NR coverage enhancements. 
Power domain enhancements by tone reservation
The principle of Tone Reservation is to reserve a small number of subcarriers at the transmitter as Peak Reduction Tones (PRTs) to reduce the PAPR of the waveform. At the receiver, these Peak Reduction Tones (PRTs) can be easily removed. In the TR-based OFDM scheme, peak reduction tones (PRT) are reserved to generate PAPR reduction signals. These reserved tones do not carry any data information, and they are only used for reducing PAPR. To preserve the EVM, there is no overlap between the PRTs and the subcarriers used for transmitting the data. The locations of PRT are illustrated in Figure 1.


Figure 1: Tone reservation with sideband PRTs
Simulation assumptions
The performance of CM/PAPR reduction as well as LLS performance are evaluated. The simulation assumptions for evaluations are listed in Table-1.
Table 1: Simulation assumptions for Tone reservation w/ spectrum extension
	Scenario
	Rural
	Urban

	Carrier frequency
	700MHz Rural)
	4GHz (Urban)
	28GHz (Urban)

	[bookmark: OLE_LINK8]Channel
	PUSCH, 14 symbols

	Channel BW
	20MHz
	100MHz
	100MHz

	SCS
	15 kHz
	30 kHz
	120 kHz

	Channel model
	TDL-D 30ns
	TDL-C 300ns
	TDL-A 30ns

	UE speed
	3km/h
	3km/h
	3km/h

	Waveform
	DFT-s-OFDM
	DFT-s-OFDM
	DFT-s-OFDM

	MCS
	2 for α = 3/8                8 for α = 1/4

	Number of Tx antennas
	1
	1
	1

	Number of Rx antennas
	2
	4
	2

	Number of DMRS symbols
	2
	2
	2

	Number of PUSCH data symbols
	12
	12
	12

	Number of PRBs (Data)
	8/16
	8/16
	8/16

	MCS
	0
	0
	0

	Extension factor (α)
	1/4: PRB before extension is 6, PRB after extension is 8, 
MCS=8;
3/8: PRB before extension is 10, PRB after extension is 16, 
MCS=2;

	BLER
	10%
	10%
	10%


Simulation results
The evaluation results of PAPR and CM for Rural scenario are summarized as following:
	Rural

	Extension factor (α) = 1/4

	No PRT: 8PRB@MCS = 6
	With PRT: Date PRB = 6, Total PRB = 8, @MCS = 8
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	Extension factor (α) = 3/8

	No PRT: 16PRB@MCS = 0
	With PRT: Date PRB = 10, Total PRB = 16, @MCS = 2
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The evaluation results of PAPR and CM for Urban scenario are summarized as following:
	Urban 4GHz

	Extension factor (α) = 1/4

	No PRT: 8PRB@MCS = 6
	With PRT: Date PRB = 6, Total PRB = 8, @MCS = 8
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	Extension factor (α) = 3/8

	No PRT: 16PRB@MCS = 0
	With PRT: Date PRB = 10, Total PRB = 16, @MCS = 2
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	Urban 28GHz

	Extension factor (α) = 1/4

	No PRT: 8PRB@MCS = 6
	With PRT: Date PRB = 6, Total PRB = 8, @MCS = 8
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	Extension factor (α) = 1/4

	No PRT: 8PRB@MCS = 6
	With PRT: Date PRB = 6, Total PRB = 8, @MCS = 8
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To have a comprehensive comparison among different tone reservation factor, the performance IS summarized in Table 2.
Table 2. Comparison summary of performance comparison
	
	PAPR
	CM

	
	CDF@99%
	gain
	CDF@99%
	CM reduction

	Rural
	(α) = 1/4
	Baseline
	10.07
	0.1350
	5.736
	0.1930  

	
	
	TR
	9.935
	
	5.543
	

	
	(α) = 3/8
	Baseline
	10.07
	0.1520
	5.769
	0.9210

	
	
	TR
	9.918
	
	4.848
	

	Urban
(4GHz)
	(α) = 1/4
	Baseline
	10.18
	0.2420
	5.737
	0.2700

	
	
	TR
	9.938
	
	5.467
	

	
	(α) = 3/8
	Baseline
	10.08
	0.2910
	5.761
	0.9170

	
	
	TR
	9.789
	
	4.844
	

	Urban
(28GHz)
	(α) = 1/4
	Baseline
	10
	0.1660
	5.735
	0.2200

	
	
	TR
	9.834
	
	5.515
	

	
	(α) = 3/8
	Baseline
	10.14
	0.1730
	5.77
	0.9080

	
	
	TR
	9.967
	
	4.862
	



Observation 1:  The extension factor of tone reservation will affect the performance of CM/PAPR and BLER. A larger extension factor could have more performance gain.
Observation 2:  ~0.20 dB CM reduction is obtained at CDF@99% when the extension factor α is 1/4, and ~0.90 dB CM reduction is obtained at CDF@99% when the extension factor α is 3/8.
Observation 3:  0.1~0.3 dB PAPR reduction is obtained at CDF@99% when the extension factor is 1/4 and 3/8.
Observation 4: Performance gain of tone reservation technique is not significant.
Proposal 1: The signal of PRT and extension factor should be determined for tone reservation.

Conclusion
In this contribution, we have discussed power domain enhancements for NR coverage enhancements. We have following observation and proposal.
Observation 1:  The extension factor of tone reservation will affect the performance of CM/PAPR and BLER. A larger extension factor could have more performance gain.
Observation 2:  ~0.20 dB CM reduction is obtained at CDF@99% when the extension factor α is 1/4, and ~0.90 dB CM reduction is obtained at CDF@99% when the extension factor α is 3/8.
Observation 3:  0.1~0.3 dB PAPR reduction is obtained at CDF@99% when the extension factor is 1/4 and 3/8.
Observation 4: Performance gain of tone reservation technique is not significant.
Proposal 1: The signal of PRT and extension factor should be determined for tone reservation.
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