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1	Introduction
In RAN4#104-e, a concern was raised [1] regarding the MPR of FR1 FWA PC1 at narrow RB allocations close to channel edge. This contribution presents PC1 MPR simulation results with WOLA processing to address that concern.
2	Discussion
2.1	Simulation assumptions
· PA model calibrated with 37dB ACLR for DFT-s-OFDM QPSK 20MHZ 100RB0 waveform with
1dB MPR
· TRX impairments: 28dB carrier and image* leakage, 60dB CIM3 and 70dB CIM5*
* For image and CIM5 suppression, see the Simulation results section for frequencies below 1 GHz.
· Both OFDM and DFT-S-OFDM waveforms
· All modulations: pi/2-BPSK, QPSK, 16-QAM, 64-QAM, 256-QAM
· WOLA processing (window slope is 33 % of the short CP duration)
· General SEM from TS 38.101-1:
Table 6.5.2.2-1: General NR spectrum emission mask
	ΔfOOB 
(MHz)
	Channel bandwidth (MHz) / Spectrum emission limit (dBm)
	Measurement bandwidth

	
	5
	10, 15, 20, 25, 30, 35, 40, 45
	50, 60, 70, 80, 90, 100
	

	± 0-1
	-13
	-13
	
	1 % of channel BW

	± 0-1
	
	
	-24
	30 kHz

	± 1-5
	-10
	-10
	
1 MHz

	± 5-6
	-13
	
	

	± 6-10
	-25
	
	

	± 5-BWChannel
	
	-13
	

	± BWChannel-(BWChannel+5)
	
	-25
	



· Other general requirements as specified in TS 38.101-1
3	Simulation results
We simulated all valid combinations of channel bandwidth and SCS, all waveforms and modulations, and all contiguous RB allocations.
For most RB allocations, PC3 MPR is sufficient. However, when windowed overlap-add (WOLA) is used (without baseband filtering), linear spectral regrowth due to windowing hits the SEM when a narrow RB allocation is located at or very near channel edge. Since this is a linear phenomenon at the baseband, the back-off affects the emission only at a 1:1 rate. In PC2 MPR (TS 38.101-1, Table 6.2.2-2), the set of Edge allocations was introduced to tackle this phenomenon. Below 1 GHz, the stricter general spurious limit of -36 dBm / 100 kHz has to be taken into account due to IM5 (of allocation and image) and CIM5, but this can be solved through improving the suppression of image and CIM5.
Table 1 presents the maximum SEM-limited back-off across all SCSs and RB allocations. The results are separated with respect to channel bandwidth, waveform, and modulation. Only back-offs that exceed the PC3 MPR are included in this summary, thus there are some empty cells.
Table 1: Maximum simulated SEM-limited back-off for all 
channel bandwidths, waveforms, and modulations
	
	Waveform / modulation / maximum SEM-based power back-off [dB]

	CBW
[MHz]
	OFDM
	DFT-S-OFDM

	
	QPSK
	16QAM
	64QAM
	256QAM
	pi/2-BPSK
	QPSK
	16QAM
	64QAM
	256QAM

	5
	6.4
	6.2
	6.1
	 
	6.3
	6.3
	6.1
	6.2
	6.4

	10
	6.0
	6.0
	6.0
	 
	6.0
	6.3
	6.6
	6.2
	6.3

	15
	5.6
	5.8
	6.0
	 
	6.0
	5.6
	5.7
	5.9
	5.9

	20
	3.7
	3.8
	 
	 
	3.5
	3.6
	3.9
	3.5
	 

	25
	4.8
	4.9
	4.7
	 
	4.8
	5.0
	4.5
	4.7
	5.1

	30
	4.6
	4.5
	4.4
	 
	4.7
	4.8
	4.8
	4.6
	4.6

	35
	 
	 
	 
	 
	1.8
	1.8
	 
	 
	 

	40
	 
	 
	 
	 
	2.3
	2.6
	2.6
	 
	 

	45
	4.2
	4.3
	4.5
	 
	4.5
	4.4
	4.4
	4.3
	 

	50
	5.9
	5.9
	5.8
	 
	5.9
	6.5
	5.5
	5.9
	6.0

	60
	6.7
	6.8
	6.6
	7.2
	6.9
	6.6
	6.9
	7.2
	7.3

	70
	7.0
	7.0
	7.2
	7.2
	7.2
	7.0
	7.2
	7.1
	7.0

	80
	7.3
	7.0
	7.0
	7.2
	7.5
	7.2
	7.3
	7.1
	6.9

	90
	7.8
	7.6
	7.8
	7.7
	8.1
	7.5
	7.7
	7.6
	7.7

	100
	8.3
	8.0
	8.2
	8.6
	7.9
	8.4
	8.1
	8.2
	8.4



Dependence of the SEM-limited back-off from the used modulation is small and can be ignored, as was already in PC2. This is explained by the fact that the emission is caused by a linear phenomenon, thus, e.g., the peak-to-average power ratio (PAPR) has no role here.
For the SEM-limited allocations, the back-off is determined primarily by two factors:
(i) The emission limit in the first SEM segment at channel edge:
The SEM limit is -13 dBm below 50 MHz CBW and -24 dBm from 50 MHz upwards. This can be seen as a sudden rise of back-off at 50 MHz CBW.

(ii) The guard-to-SCS ratio, i.e, the ratio of minimum guard band width (from TS 38.101-1, Table 5.3.3-1) to the SCS:
The linear spectral regrowth due to windowing scales with the SCS on the frequency axis. Table 2 shows the guard-to-SCS ratio for all channel bandwidths and SCSs. The smaller this ratio, the greater is the emission due to windowing at the closest SEM measurement position.
Figure 1 presents the simulated SEM-limited back-off as function of the guard-to-SCS ratio. The relationship is quite clear. 
As another viewpoint, Figure 2 shows the simulated SEM-limited back-off as function of channel bandwidth. The back-off exhibits a clear dependence on channel bandwidth. This plot also clearly illustrates how the change of SEM definition between 45 and 50 MHz channel bandwidths affects the required back-off.
Table 2: The ratio of minimum guard band width to the SCS
	
	SCS / guard-to-SCS ratio

	CBW
[MHz]
	15 kHz
	30 kHz
	60 kHz

	5
	16.2
	16.8
	 

	10
	20.8
	22.2
	16.8

	15
	25.5
	21.5
	16.5

	20
	30.2
	26.8
	22.2

	25
	34.8
	26.2
	21.8

	30
	39.5
	31.5
	21.5

	35
	38.2
	30.8
	27.2

	40
	36.8
	30.2
	26.8

	45
	47.5
	35.5
	26.5

	50
	46.2
	34.8
	26.2

	60
	 
	27.5
	25.5

	70
	 
	32.2
	24.8

	80
	 
	30.8
	24.2

	90
	 
	29.5
	23.5

	100
	 
	28.2
	22.8



[image: ]
Figure 1: SEM-limited back-off values from Table 1 as function of guard-to-SCS ratio.

[image: ]
Figure 2: SEM-limited back-off values from Table 1 as function of channel bandwidth

The Edge region can be defined through the maximum allocation size and maximum distance from closest channel edge. These are studied in Tables 3-5. Tables 3 and 4 present results in RBs, whereas Table 5 gives the maximum allocation sizes as equivalent 15 kHz RBs, i.e., LCRB15 = LCRB ∙ SCS / 15 kHz. Tables 4 and 5 are depicted in Figures 3 and 4, giving two different views into the same data. 

Table 3: Maximum RBstart of SEM-limited allocations close to 
lower channel edge needing higher MPR than specified for PC3
	
	Waveform / modulation / RBstart,max [RB]

	CBW
[MHz]
	OFDM
	DFT-S-OFDM

	
	QPSK
	16QAM
	64QAM
	256QAM
	pi/2-BPSK
	QPSK
	16QAM
	64QAM
	256QAM

	5
	0
	0
	0
	 
	0
	0
	0
	0
	0

	10
	0
	0
	0
	 
	0
	0
	0
	0
	0

	15
	0
	0
	0
	 
	0
	0
	0
	0
	0

	20
	0
	0
	 
	 
	0
	0
	0
	0
	 

	25
	0
	0
	0
	 
	0
	0
	0
	0
	0

	30
	0
	0
	0
	 
	0
	0
	0
	0
	0

	35
	 
	 
	 
	 
	0
	0
	 
	 
	 

	40
	 
	 
	 
	 
	0
	0
	0
	 
	 

	45
	0
	0
	0
	 
	0
	0
	0
	0
	 

	50
	0
	0
	0
	 
	0
	0
	0
	0
	0

	60
	0
	0
	0
	0
	0
	0
	0
	0
	0

	70
	0
	0
	0
	0
	1
	0
	0
	0
	0

	80
	0
	0
	0
	0
	0
	0
	0
	0
	0

	90
	0
	0
	0
	0
	1
	1
	0
	0
	0

	100
	0
	0
	0
	0
	1
	1
	1
	0
	0



Table 4: Maximum LCRB of SEM-limited allocations needing higher MPR than specified for PC3
	
	Waveform / modulation / maximum LCRB [RB]

	CBW
[MHz]
	OFDM
	DFT-S-OFDM

	
	QPSK
	16QAM
	64QAM
	256QAM
	pi/2-BPSK
	QPSK
	16QAM
	64QAM
	256QAM

	5
	3
	2
	2
	 
	5
	5
	4
	3
	1

	10
	2
	3
	2
	 
	6
	6
	4
	3
	1

	15
	2
	2
	2
	 
	5
	5
	3
	3
	1

	20
	1
	1
	 
	 
	2
	2
	1
	1
	 

	25
	1
	1
	1
	 
	5
	6
	2
	1
	1

	30
	1
	1
	1
	 
	4
	4
	2
	1
	1

	35
	 
	 
	 
	 
	1
	1
	 
	 
	 

	40
	 
	 
	 
	 
	1
	1
	1
	 
	 

	45
	1
	1
	1
	 
	4
	2
	1
	1
	 

	50
	2
	2
	2
	 
	9
	6
	5
	3
	1

	60
	8
	8
	4
	1
	6
	12
	6
	6
	2

	70
	3
	5
	3
	1
	6
	9
	4
	4
	2

	80
	6
	4
	3
	1
	6
	9
	6
	4
	2

	90
	5
	7
	3
	1
	6
	10
	6
	4
	2

	100
	6
	7
	4
	1
	6
	12
	6
	5
	2




Table 5: Maximum LCRB ∙ SCS/15kHz of SEM-limited allocations needing higher MPR than specified for PC3
	
	Waveform / modulation / maximum LCRB ∙ SCS/15kHz [RB15kHz]

	CBW
[MHz]
	OFDM
	DFT-S-OFDM

	
	QPSK
	16QAM
	64QAM
	256QAM
	pi/2-BPSK
	QPSK
	16QAM
	64QAM
	256QAM

	5
	3
	2
	2
	 
	6
	5
	4
	3
	1

	10
	2
	3
	2
	 
	6
	6
	4
	3
	1

	15
	8
	8
	4
	 
	12
	12
	12
	8
	4

	20
	4
	4
	 
	 
	8
	8
	4
	4
	 

	25
	4
	4
	4
	 
	16
	12
	8
	4
	4

	30
	4
	4
	4
	 
	16
	16
	8
	4
	4

	35
	 
	 
	 
	 
	4
	4
	 
	 
	 

	40
	 
	 
	 
	 
	4
	4
	4
	 
	 

	45
	4
	4
	4
	 
	16
	8
	4
	4
	 

	50
	8
	8
	8
	 
	20
	24
	20
	12
	4

	60
	16
	16
	8
	2
	20
	24
	12
	12
	4

	70
	12
	20
	12
	4
	24
	24
	16
	16
	8

	80
	24
	16
	12
	4
	24
	32
	24
	16
	8

	90
	20
	28
	12
	4
	24
	32
	24
	16
	8

	100
	24
	24
	16
	4
	24
	40
	24
	20
	8



[image: ]
Figure 3: Maximum LCRB as function of channel bandwidth
[image: ]
Figure 4: Maximum LCRB15 (allocation size as equivalent 15 kHz RBs) as function of channel bandwidth



Proposal 1: For FR1 PC1, specify a set of Edge RB allocations to allow higher MPR for RB allocations limited by SEM due to linear spectral regrowth from the windowing effect.
Proposal 2: Make the PC1 MPR of Edge RB allocations  depend on the channel bandwidth, with a maximum MPR of 8.5 dB.
Proposal 3: Define the set of Edge RB allocations in a way that depends of the channel bandwidth.

4	Conclusions
To allow the use of WOLA in PC1, Edge RB allocations with higher MPR should be defined. For other allocations, PC3 MPR is sufficient.
Proposal 1: Specify a set of Edge RB allocations to allow higher MPR for RB allocations limited by SEM due to linear spectral regrowth from the windowing effect.
Proposal 2: Make the PC1 MPR of Edge RB allocations  depend on the channel bandwidth, with a maximum MPR of 8.5 dB.
Proposal 3: Define the set of Edge RB allocations in a way that depends of the channel bandwidth.
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