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1	Introduction
[bookmark: _Hlk104372907]This contribution relates to a work item agreed in RAN#94-e, namely “Further NR coverage enhancements” [1]. We consider power domain enhancements and the following objectives captured in the WID:

· Study and if necessary specify following power domain enhancements
· […]
· Enhancements to reduce MPR/PAR, including frequency domain spectrum shaping with and without spectrum extension for DFT-S-OFDM and tone reservation (RAN4, RAN1)

In this paper we propose simulation assumptions for studying the UE RF performance for MPR/PAR objective. The related agreement made in RAN4 #104bis-e is shown below [5].

[bookmark: _Hlk118202104]Agreement:
· RAN4 follows below RAN1 agreements and focus on prepare for RF simulations 
· Establish evaluation parameters and side-conditions if any for both transparent and non-transparent schemes
· The parameters and side-conditions will be updated if needed according to RAN1 input
· Share the agreements with RAN1 that could affect RAN1 link level simulation
· RAN4 can perform evaluations without RAN1 input for both transparent and non-transparent schemes
· No discussion on simulation results of non-transparent scheme at least in RAN4#105 

Lot’s of agreements impacting the RF simulation assumptions were already made in RAN4 #104bis-e.

Agreement: 
· UE Power Class 3 and scenario with a single transmitter & single component carrier is considered
· SU-MIMO and/or inter band UL CA are not considered.
· Whether intra band UL CA is considered or not is FFS
· The above three bullets are applicable to both FR1 and FR2

Agreement: 
· RAN4 prioritizes FR1
· Note: The outcome of FR1 shall not be automatically inherited to that of FR2
· For FR2, only for evaluation assumptions can be discussed until at least RAN4#106 and RAN4#106 discusses if FR2 simulation campaign can start or not.

Agreement: 
· Consider only PUSCH and the associated DMRS
· If other channels are considered or not is FFS

Agreement: 
· For performance evaluation, consider symmetric extension for FDSS with spectrum extension. If consideration of asymmetric extension is needed or not is discussed depending on RAN1 input.

Agreement: 
· Under the conditions that prioritization between FR1 and FR2 is decided by Issue 1-6-2, if FR1 and/or FR2 are evaluated, at least following frequency bands are used for simulation campaign, i.e., if FR2 drops in Issue 1-6-2, the agreement in Issue 2-1-6 becomes invalid.
· FR1: 4 GHz
· FR2: 28 GHz
· Handling of 700 MHz is FFS

Agreement: 
· For evaluation results comparison purpose, it is encouraged to include following channel bandwidths with SCSs for FR1. 
· 20 MHz with 15/30/60 kHz
· 100 MHz with SCS of 30 kHz
· There is no restriction to provide simulation results based on other combinations of channel bandwidths and SCSs

2	Discussion
In the following we discuss the remaining open aspects related to simulation parameters.

In order to evaluate net coverage gain, the assumptions behind LLS (RAN1) and RF simulations (RAN4) should be sufficiently well aligned. That requires coordination between RAN WG1 and RAN WG4, and the approved WF of [5] exactly captured this aspect as “Share the agreements with RAN1 that could affect RAN1 link level simulation“. Hence, some of the agreements in [5] as well as agreements to be made in RAN4#105 should be shared with RAN1.
Proposal 1: Send an LS to RAN1 to share parameters agreed in RAN4. The draft can be seen in Annex.  

The key parameters for alignment should include at least: Carrier frequencies, Subcarrier spacing(s), Extension factors, Spectral shaping filters, Number of RBs. 
In the following, we discuss the parameters that have not yet been agreed in RAN4. 

Extension factors:

The following was agreed in RAN4 #104bis-e

Agreement: 
· For simulation purpose, tentatively, define extension/reservation factor () as Excess band size / Total allocation, where 
· Inband size: Occupied REs after DFT-block
· Excess/reserved band size: The amount of spectrum extension.
· Total allocation size (Inband size + Excess/reserved band size): Occupied REs after spectrum extension 
· The definition is tentative and needs final confirmation with RAN1 in the future meetings.

Based on the current results [2], it seems that a = 0.25 is the best choice for the extension factor. Hence, it is a good value to be used in simulations. Additionally, we propose to select one small(er) value for extension factor (a = 0.125), and another representing a larger extension factor (a = 0.375). This would allow to see the trend (w.r.t. extension factor).  Finally, the simulations need to be evaluated also without extension (a = 0). This corresponds to the transparent scheme (FDSS w/o SE).

 Proposal 2: Consider the following extension factors in evaluations
· a = 0 (reference)
· a = 0.25 (baseline)
· a = 0.125
· a = 0.375


FDSS filters:

The following was agreed in RAN4 #104bis-e

Agreement: 
· For calibration purpose, it is encouraged to use following coefficient.
· 3-tap, Pulse shaping filter (0.335 1 0.335) and (0.28 1 0.28)
· Truncated RRC (0.5, 0.1667) 

The agree filters are shown in Figure 1: [0.335 1 0.335] represents an aggressive filter whereas Truncated RRC represents a less aggressive filter. [0.28 1 0.28] can be seen as “a compromise” filter.  All the considered filters fulfil the spectrum emission mask defined for pi/2 BPSK. 
In addition to agreed filters, it makes sense to define a reference case where FDSS is not applied. This corresponds to FDSS filter with “all ones” (a frequency flat filter).
Proposal 3: In addition to filters agreed for calibration purposes, define a reference case where FDSS is not applied.

[image: ]
Figure 1 Positive side of the frequency-domain allocation with different spectrum shaping filters.


RB allocations:

The following was agreed in RAN4 #104bis-e

Agreement: 
Ensure fair comparison between different methods by keeping the total allocated bandwidth, the spectral efficiency and resource in time domain the same for all compared cases as much as possible. In addition, it can be considered that efficiency not always the best judging criteria, e.g., there is a case that efficiency is of less concern than the link level benefit.
Table 1 illustrates the corresponding inband and excess band sizes for the simulated cases with 32 RBs. 

Table 1. Inband and Excess band sizes used in simulations, total allocation size = 32 RBs.
[image: ]

It is rather evident that FDSS with spectrum extension provides considerable net gain for a wide range of RB allocation sizes [6]. In order to see the full picture, we propose to simulate the performance with a wide range of RB allocations. Furthermore, the transmitted signal (i.e. allocated RBs) should be swept of the whole carrier. These are inline with the agreement made in RAN1 #110bis-e: “Any number of RB can be considered. The starting RB of the allocation can be any RB in the BWP”. Hence, we make the following proposals:

Proposal 4: Simulation cases include [16, 32, 64, …, NRB] RBs
Proposal 5: Sweep the allocated RBs over the whole carrier


Summary of simulation parameters:

Table 2 and Table 3 summarizes the proposed parameters for FR1 and FR2 respectively. The green entries are those agreed already in RAN4 #104bis-e.

Proposal 6: Adopt simulation parameters defined in Table 2 for FR1

Proposal 7: Adopt simulation parameters defined in Table 3 for FR2


Table 2 Simulation parameters for FR1 for FDSS.
	Carrier frequency
	4GHz
700 MHz (optional)

	Channel BW
	Case 1: 20 MHz
Case 2: 100 MHZ

	SCS
	Case 1: 15/30/60 kHz
Case 2: 30 kHz

	DMRS config
	ZC, 2 symbols

	Modulation
	· Pi/2 BPSK
· QPSK

	Waveform
	DFT-S-OFDM

	Number of RBs
	16, 32, 64, …  < NRB

	Allocation type
	Sweep over the channel

	Extension factors
	0, 0.125,0.25,0.375

	Channel 
	PUSCH, 14 OFDM symbols 

	Spectral shaping filter
	· 3-tap, FD implementation
· (0.335 1 0.335) 
· (0.28 1 0.28)
· Truncated RRC
· No filter (reference case)

	Power class
	PC 3




Table 3 Simulation parameters for FR2 for FDSS (green: agreed already)
	Carrier frequency
	28GHz

	Channel BW
	400MHz
(50 MHz)

	SCS
	120kHz
(60 kHz)

	DMRS config
	ZC, 2 symbols

	Modulation 
	QPSK

	Waveform
	DFT-S-OFDM

	Number of RBs
	16, 32, 64, …  < NRB

	Allocation type
	Sweep over the channel

	Extension factors
	0, 0.125, 0.25, 0.375

	Channel 
	PUSCH, 14 OFDM symbols 

	Spectral shaping filter
	· 3-tap, FD implementation
· (0.335 1 0.335) 
· (0.28 1 0.28)
· Truncated RRC
· No filter (reference case)

	Power class
	PC 3




[bookmark: OLE_LINK53][bookmark: OLE_LINK54]4.	Conclusion
In this paper we discuss the simulation parameters for RF simulations. Based on the discussion we make the following proposals:

Proposal 1: Send an LS to RAN1 to share parameters agreed in RAN4. The draft can be seen in Annex.  

Proposal 2: Consider the following extension factors in evaluations
· a = 0 (reference)
· a = 0.25 (baseline)
· a = 0.125
· a = 0.375

Proposal 3: In addition to filters agreed for calibration purposes, define a reference case where FDSS is not applied.

Proposal 4: Simulation cases include [16, 32, 64, …, NRB] RBs

Proposal 5: Sweep the allocated RBs over the whole carrier

Proposal 6: Adopt simulation parameters defined in Table 2 for FR1

Proposal 7: Adopt simulation parameters defined in Table 3 for FR2


Table 2 Simulation parameters for FR1 for FDSS (green: agreed already)
	Carrier frequency
	4GHz
700 MHz (optional)

	Channel BW
	Case 1: 20 MHz
Case 2: 100 MHZ

	SCS
	Case 1: 15/30/60 kHz
Case 2: 30 kHz

	DMRS config
	ZC, 2 symbols

	Modulation
	· Pi/2 BPSK
· QPSK

	Waveform
	DFT-S-OFDM

	Number of RBs
	16, 32, 64, …  < NRB

	Allocation type
	Sweep over the channel

	Extension factors
	0, 0.125,0.25,0.375

	Channel 
	PUSCH, 14 OFDM symbols 

	Spectral shaping filter
	· 3-tap, FD implementation
· (0.335 1 0.335) 
· (0.28 1 0.28)
· Truncated RRC
· No filter (reference case)

	Power class
	PC 3






Table 3 Simulation parameters for FR2 for FDSS (green: agreed already)
	Carrier frequency
	28GHz

	Channel BW
	400MHz

	SCS
	120kHz

	DMRS config
	ZC, 2 symbols

	Modulation 
	QPSK

	Waveform
	DFT-S-OFDM

	Number of RBs
	16, 32, 64, …  < NRB

	Allocation type
	Sweep over the channel

	Extension factors
	0, 0.125, 0.25, 0.375

	Channel 
	PUSCH, 14 OFDM symbols 

	Spectral shaping filter
	· 3-tap, FD implementation
· (0.335 1 0.335) 
· (0.28 1 0.28)
· Truncated RRC
· No filter (reference case)

	Power class
	PC 3
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1	Overall description
RAN4 discussed work split principles to be adopted in RAN4 for power domain enhancements throughout Rel-18 and made a following agreement in R4-2217745 in RAN4#104-bis-e:
· RAN4 follows below RAN1 agreements and focus on prepare for RF simulations 
· Establish evaluation parameters and side-conditions if any for both transparent and non-transparent schemes
· The parameters and side-conditions will be updated if needed according to RAN1 input
· Share the agreements with RAN1 that could affect RAN1 link level simulation
· RAN4 can perform evaluations without RAN1 input for both transparent and non-transparent schemes
· No discussion on simulation results of non-transparent scheme at least in RAN4#105 
According to the above agreement, RAN4 would like to share following RF parameters and some side-conditions which may impact on RAN1 link level simulation.
Table 1 Simulation parameters for FR1 for FDSS (to be updated if any)
	Carrier frequency
	4GHz
700 MHz (optional)

	Channel BW
	Case 1: 20 MHz
Case 2: 100 MHZ

	SCS
	Case 1: 15/30/60 kHz
Case 2: 30 kHz

	DMRS config
	ZC, 2 symbols

	Modulation
	· Pi/2 BPSK
· QPSK

	Waveform
	DFT-S-OFDM

	Number of RBs
	16, 32, 64, …  < NRB

	Allocation type
	Sweep over the channel

	Extension factors
	0, 0.125,0.25,0.375

	Channel 
	PUSCH, 14 OFDM symbols 

	Spectral shaping filter
	· 3-tap, FD implementation
· (0.335 1 0.335) 
· (0.28 1 0.28)
· Truncated RRC
· No filter (reference case)

	Power class
	PC 3



Table 3 Simulation parameters for FR2 for FDSS (to be updated if any)
	Carrier frequency
	28GHz

	Channel BW
	400MHz

	SCS
	120kHz

	DMRS config
	ZC, 2 symbols

	Modulation 
	QPSK

	Waveform
	DFT-S-OFDM

	Number of RBs
	16, 32, 64, …  < NRB

	Allocation type
	Sweep over the channel

	Extension factors
	0, 0.125, 0.25, 0.375

	Channel 
	PUSCH, 14 OFDM symbols 

	Spectral shaping filter
	· 3-tap, FD implementation
· (0.335 1 0.335) 
· (0.28 1 0.28)
· Truncated RRC
· No filter (reference case)

	Power class
	PC 3



2	Actions
To RAN1:
ACTION: 	RAN4 respectfully requests RAN1 to take the above into account in their future work.
3	Dates of next TSG-RAN WG4 meetings
TSG-RAN WG4 Meeting #106	February 27th –March 03rd 2023		Athens, Greece 
TSG-RAN WG4 Meeting #106-bis-e	April 17th – April 26th 2023		Electronic meeting
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