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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 discuss the further simulation assumptions for studying the UE RF performance for MPR/PAR objective. The parameters shown in Table 1 and Table 2 were agreed in RAN4 #105 [7].

Table 1 Simulation parameters for FR1
	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

	Allocation type
	Sweep over the channel

	Extension factors
	0-0.375 

	Channel 
	PUSCH, 14 OFDM symbols 

	Spectral shaping filter
	· 3-tap, FD implementation
· (0.335 1 0.335) 
· (0.28 1 0.28)
· 2-tap: (1, 0.28) for FDSS QPSK w/o SE
· Truncated RRC
· No filter (reference case) NOTE1

	Power class
	PC 3

	NOTE 1: A reference waveform) which meet the existing requirements for gain evaluation



Table 3 Simulation parameters for FR2
	Carrier frequency
	28GHz

	Channel BW
	400MHz

	SCS
	120kHz

	DMRS config
	ZC, 2 symbols

	Modulation 
	QPSK

	Waveform
	DFT-S-OFDM

	Allocation type
	Sweep over the channel

	Extension factors
	0- 0.375

	Channel 
	PUSCH, 14 OFDM symbols 

	Spectral shaping filter
	· 3-tap, FD implementation
· (0.335 1 0.335) 
· (0.28 1 0.28)
· 2-tap: (1, 0.28) for FDSS QPSK w/o SE
· Truncated RRC
· No filter (reference case) NOTE1

	Power class
	PC 3

	NOTE 1: A reference waveform which meet the existing requirements for gain evaluation



In addition to parameters shown in Table 1 and Table, the following agreements were made in RAN4 #104-e [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.

In addition to RAN4 agreements, the simulation parameters have been discussed in RAN1. Some of them impact also in RAN1 side [8]. 
2	Discussion
In the following, we discuss the remaining open issues related to simulation parameters for RF simulations. 

In order to evaluate net coverage gain, the assumptions behind LLS (RAN1) and RF simulations (RAN4) should be sufficiently well aligned. 

Extension factors:

There is still difference between RAN1 agreement and RAN4 agreement:
· RAN4 #105 [7]: 0-0.375
· RAN1 #111 [8]: [1/8, 1/4, 3/8] is encouraged.
 
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 =1/8), and another representing a larger extension factor (a = 0.375 = 3/8). 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 1: Consider the following extension factors in evaluations
· a = 0 (reference)
· a = 0.25 (baseline)
· a = 0.125
· a = 0.375

RB allocations:

Based on RAN1 agreements [8]:
· Number of RBs is “reported by companies”
· MCS is “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.

The agreement related to MCS seems to be inline with the following agreement made 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. In order to have fair comparison, it is important that total number of RBs (= inband RBs + excess band RBs) does not vary according to the extension factor. 

Observation 1: Fair comparison requires that total number of RBs (= inband RBs + excess band RBs) does not vary according to extension factor.

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

It is 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”. 
When selecting the RB numbers, it should be noted that depending on the inband size and extension factor (a), the total allocation size may or may not be multiple of 12 REs. Obviously, by selecting the RB sizes to be multiple of 8RBs results in full RB for inband and excess band with extension factors 1/8, 2/8 and 3/8, respectively.
  
Based on the discussion above, we make the following proposals:
Proposal 2: Simulation cases include [16, 32, 64, …, NRB] RBs
Proposal 3: Sweep the allocated RBs over the whole carrier

[bookmark: OLE_LINK53][bookmark: OLE_LINK54]4.	Conclusion
In this paper we discuss the remaining open issues related to simulation parameters for RF simulations. Based on the discussion we make the following observation and proposals:

Observation 1: Fair comparison requires that total number of RBs (= inband RBs + excess band RBs) does not vary according to extension factor.

Proposal 1: Consider the following extension factors in evaluations
· a = 0 (reference)
· a = 0.25 (baseline)
· a = 0.125
· a = 0.375

Proposal 2: Simulation cases include [16, 32, 64, …, NRB] RBs

Proposal 3: Sweep the allocated RBs over the whole carrier
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