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Introduction
In RAN1#112 [1], the following agreements were made for power domain enhancements:
	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.
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 low PAPR Type 1 DMRS sequence.
· A.2: The sequence is a low PAPR Type 2 DMRS sequence. 
FFS: how the sequence is extended.
· Approach B – the DMRS sequence is not extended: A DMRS sequence based on low PAPR 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 low PAPR 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., low PAPR 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 low PAPR 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).
Agreement
Include in the LS to RAN4 for reporting LLS results
Note: The excel file is used to collect the results.
Working Assumption
· The following set of configurations is for companies’ consideration for the comparsion 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. 



In RAN1#112bis-e [2], the following agreements were made for power domain enhancements:
	Agreement
1. 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.
1. 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.
1. 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:
0. ∆PPowerClass 
0. Power class
0. P-MPR 
0. Start and length of evaluation period for power class fallback
0. Estimated duration of power class fallback
0. Estimated duration over which UE can sustain Pcmax before additional P-MPR is required
0. Sustainable duty cycle to prevent a fallback
0. 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 discuss our views on power-domain enhancements for further NR uplink coverage enhancements. 
Discussion
According to the agreed work split principles, it’s our understanding that RAN4 is responsible for deciding whether one of the identified candidate schemes should be specified in Rel-18 coverage enhancements. From RAN1 perspective, RAN1 should study link performance and report its study findings to RAN4 to help them with their decision. 
In the following, we share our views on candidate solutions discussed in previous RAN1 meetings. 

FDSS without spectrum extension
FDSS without extension is supported for /2 BPSK since Rel-15 NR. Higher maximum transmit power can be achieved for coverage limited UEs by reducing MPR requirement. This can be realized by reducing PAPR with smooth transitioning at the occupied bandwidth using in-band filtering. For Rel-18, FDSS without spectrum extension is now studied for QPSK to improve coverage performance. 
Since no spectrum extension is involved, there is no change on the number of allocated effective REs, hence coding rate remains the same. 
Observation 1: No significant link performance loss is expected in FDSS without spectrum extension as coding rate remains the same. 
Proposal 1: Although FDSS without spectrum extension can be promising from RAN1 perspective due to zero link performance loss (i.e., no impact on coding rate), its details should be discussed in RAN4. 

FDSS with spectrum extension
FDSS with spectrum extension includes an additional extension block before the FDSS filtering. Extension block can help reduce PAR of the waveform depending on the number of additional RBs for the extension, i.e., the extension factor. To accommodate spectrum extension, either coding rate needs to be increased or TBS should be reduced. In either case, a link performance loss is expected. The net coverage gain depends on the trade-off between PAR reduction vs. link performance loss. 
Different spectrum extension types and factors were considered by companies. Their impact on performance loss should be understood in RAN1 irrespectively of potential PAR reduction figures. Their impacts on coding loss and PAR reduction should be compared separately, instead of a direct comparison of net coverage gains approach. 
Observation 2: FDSS with spectrum extension requires either coding rate increase or TBS reduction. Both will incur link performance loss. 
Proposal 2: For FDSS with spectrum extension, coding performance losses and PAR reduction figures are separately analyzed/compared for different spectral filtering and extension factor configurations. 

Tone reservation
Tone reservation uses peak reduction tones (PRTs) to cancel the peaks of a waveform. PRTs are added to the real waveform carrying the data to reduce PAR. Similar to FDSS with spectrum extension, tone reservation also applies additional RB assignment which requires either coding rate increase or TBS reduction. As a result, link performance loss is expected with tone reservation. It will be useful if these gains and losses are analysed separately depending on different configurations.  

Observation 3: Tone reservation requires either coding rate increase or TBS reduction. Both will incur link performance loss. 
Proposal 3: For tone reservation, coding performance losses and PAR reduction figures are separately analyzed/compared for different number of PRT size.

Conclusions
We have the following observations:
Observation 1: No significant link performance loss is expected in FDSS without spectrum extension as coding rate remains the same.
Observation 2: FDSS with spectrum extension requires either coding rate increase or TBS reduction. Both will incur link performance loss.
Observation 3: Tone reservation requires either coding rate increase or TBS reduction. Both will incur link performance loss. 
We have the following proposal:
Proposal 1: Although FDSS without spectrum extension can be promising from RAN1 perspective due to zero link performance loss (i.e., no impact on coding rate), its details should be discussed in RAN4. 
Proposal 2: For FDSS with spectrum extension, coding performance losses and PAR reduction figures are separately analyzed/compared for different spectral filtering and extension factor configurations. 
Proposal 3: For tone reservation, coding performance losses and PAR reduction figures are separately analyzed/compared for different number of PRT size.
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