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Introduction
In RAN1#112bis-e meeting, the following agreement has been made on power domain enhancements [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 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: 
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: Tone reservation can be considered as a candidate MPR/PAR solution to be further studied, including the signal design of PRT. 

Enhancements on increasing UE power high limit for CA and DC
The following agreement was reached to realize increasing UE power high limit in RAN1#112 meeting.
	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.



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 and several proposed schemes [2].
	R4-2303560
<Recommended WF>
· RAN4 discussion will focus on the following solutions that have been proposed in this meeting:
1. Power class fallback ΔPPowerClass with aperiodic PHR. 
· Report power-class fallback ΔPPowerClass in the PHR per serving cell, any power-class change, fallback or return to declared power class, should trigger an aperiodic PHR. This also includes FDD PC2.
· Report power-class fallback ΔPPowerClass,CA in the multi-entry PHR for the BC; any BC power-class change, fallback or return to advertised BC power class, should also trigger an aperiodic PHR.
· For EN-DC report power-class fallback ΔPPowerClass,EN-DC in the multi-entry PHR for the BC.
2. Power class being used by the UE. Because reporting ΔPPowerClass must be a huge burden for both UE and network.
· For single band HPUE operation, PC being used by a UE must be able to be reported per serving cell.
· For UL inter band CA HPUE operation, PC being used by a UE must be able to be reported per serving cell per band within a band combination as well as CA PC being used CA for the band combination itself.
3. The sustainable duty cycle over a certain duration that would prevent triggering a power class fallback at the UE, as well as period of applicability of the ∆PPowerClass report.
4. Introduce a scheme for a UE to report uplink symbol evaluation period and starting timing.
5. Enhance the current power headroom reporting framework to enable P-MPR reporting (via MPE field) for FR1 carriers.


In order to enhance existing mechanisms between UE and gNB to increase UE power high limit for CA and DC, some potential quantities to be reported in the PHR are identified, the pros and cons of the potential solutions was discussed in last meeting. How to trigger the PHR report are also discussed, however, there is no agreement on them yet. 
UE can report power class/ΔPPowerClass or P-MPR to help gNB to be aware of UE’s power capabilities, and provide further information. The parameters reported can trigger based and/or periodic reporting as configured by gNB, new event for aperiodic triggering could be deprioritized.
[bookmark: _GoBack]Proposal 2: For the 8 quantities identified in RAN1#112bis-3, following 3 quantities could be prioritized for study.
· ∆PPowerClass
· Power class
· P-MPR.
Proposal 3: Trigger based and/or periodic reporting could be prioritized.
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: Tone reservation can be considered as a candidate MPR/PAR solution to be further studied, including the signal design of PRT. 
Proposal 2: For the 8 quantities identified in RAN1#112bis-3, following 3 quantities can be prioritized for study.
· ∆PPowerClass
· Power class
· P-MPR.
Proposal 3: Trigger based and/or periodic reporting could be prioritized.
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