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1	Introduction 
3GPP Rel-16 NR-U WI [1] specified how the NR technology can be used on the unlicensed spectrum thus offering more resources in frequency bands, such as 5GHz and 6GHz.  While 5GHz is a well-known band for the unlicensed operation, 6GHz is a relative new band usage of which has been approved recently in different regulatory regions. Since not all the countries and regions were addressed during the corresponding Rel-16 and Rel-17 WI, RAN#96 meeting approved a new WI [2] with the main motivation of enabling LPI and VLP in countries not covered by previous efforts. 
Based on the analyses presented in [X], different countries and regions do not have the same requirements for the VLP mode on the 6GHz band. Nevertheless, it is still possible to group them so that the same NS value (and associated A-MPR values) can be shared between several countries. In this paper we present the corresponding A-MPR values for the VLP mode for those countries/regions that have different regulatory requirements.

2	A-MPR values for the VLP mode
2.1	Simulation setup
All simulations are performed for the VLP mode with the following common operational parameters. In addition to that, country and regional specific parameters are also applied, such as maximum PSD restriction, OOBE restrictions, etc.
-	Power Class: PC5
-	Calibration: QPSK DFT-s-OFDM 100RB3 with 1dB backoff
-	ACLR: 27dB
-	SEM: NR-U
-	EVM: Not used for A-MPR simulations
-	Image rejection: -28dBc
-	Carrier leakage rejection: -28dBc
In all cases the PA was simulated with the listed impairments and the results evaluated with the given spectral requirements. The 0dB reference was obtained by finding the maximum in-band power with 1MHz aggregation bandwidth. The mask was applied accordingly. Before identifying the reference level, the carrier leakage was removed to avoid an offset in the NR-U SEM mask. Simulations are conducted for the full carrier and interlace operation with the signal setup summarized in the Table 2-1 below.

Table 2-1: Signal setup.

	ID
	Modulation
	Waveform
	Allocation

	1
	QPSK
	DFT-s-OFDM
	Full

	2
	QPSK
	CP-OFDM
	Full

	3
	QPSK
	DFT-s-OFDM
	Interlaced

	4
	QPSK
	CP-OFDM
	Interlaced

	5
	QPSK
	DFT-s-OFDM
	Wideband

	6
	QPSK
	CP-OFDM
	Wideband

	7
	QPSK
	DFT-s-OFDM
	Wideband Interlaced

	8
	QPSK
	CP-OFDM
	Wideband Interlaced

	9
	16QAM
	DFT-s-OFDM
	Full

	10
	16QAM
	CP-OFDM
	Full

	11
	16QAM
	DFT-s-OFDM
	Interlaced

	12
	16QAM
	CP-OFDM
	Interlaced

	13
	16QAM
	DFT-s-OFDM
	Wideband

	14
	16QAM
	CP-OFDM
	Wideband

	15
	16QAM
	DFT-s-OFDM
	Wideband Interlaced

	16
	16QAM
	CP-OFDM
	Wideband Interlaced

	17
	64QAM
	DFT-s-OFDM
	Full

	18
	64QAM
	CP-OFDM
	Full

	19
	64QAM
	DFT-s-OFDM
	Interlaced

	20
	64QAM
	CP-OFDM
	Interlaced

	21
	64QAM
	DFT-s-OFDM
	Wideband

	22
	64QAM
	CP-OFDM
	Wideband

	23
	64QAM
	DFT-s-OFDM
	Wideband Interlaced

	24
	64QAM
	CP-OFDM
	Wideband Interlaced

	25
	256QAM
	DFT-s-OFDM
	Full

	26
	256QAM
	CP-OFDM
	Full

	27
	256QAM
	DFT-s-OFDM
	Interlaced

	28
	256QAM
	CP-OFDM
	Interlaced

	29
	256QAM
	DFT-s-OFDM
	Wideband

	30
	256QAM
	CP-OFDM
	Wideband

	31
	256QAM
	DFT-s-OFDM
	Wideband Interlaced

	32
	256QAM
	CP-OFDM
	Wideband Interlaced






2.2	EU/CEPT and Hong Kong
A-MPR simulation results for the VLP mode in EU/CEPT were conducted with the general simulation parameters and additional parameters as listed below:
-	Pmax: 14dBm
-	Max PSD: 1dBm/MHz
-	Out-of-band emissions: -45dBm/1MHz at the lower side of the band
-	Simulated channel: edge channel with the lower edge at 5945MHz

The results are presented in Figure 2.2-1 below, where X-axis denotes a particular simulation case index (refer to Table 2-1) and Y-axis indicates the required power back-off.

[image: Chart, scatter chart

Description automatically generated]

Figure 2.2-1: A-MPR VLP simulation results for EU/CEPT.

Based on the presented simulation results, Table 2.2-1 below summarises required A-MPR values for EU/CEPT:
Table 2.2-1:  A-MPR values for VLP in EU/CEPT
	Pre-coding
	Modulation
	RB Allocation

	
	
	Full2 (dB)
	Partial3 (dB)

	DFT-s-ODFM
	QPSK
	≤ 11.5
	≤ 13.0

	
	16 QAM
	≤ 11.5
	≤ 13.0

	
	64 QAM
	≤ 12.0
	≤ 13.0

	
	256 QAM
	≤ 12.0
	≤ 13.0

	CP-OFDM
	QPSK
	≤ 13.0
	≤ 14.0

	
	16 QAM
	≤ 13.0
	≤ 14.0

	
	64 QAM
	≤ 13.0
	≤ 14.0

	
	256 QAM
	≤ 13.0
	≤ 14.0




It is worth noting that TR 38.849 already contains A-MPR values for the PC5 VLP mode, which were provided during the Rel-17 technical discussions; however, they were never adopted into TS 38.101-1. Comparing the presented A-MPR values for the edge channel and the corresponding A-MPR values from TR 38.849, one can see that they are well aligned and the maximum difference between them is around 0.5-1dB. Based on that A-MPR values from TR 38.849 can be considered for further specification work.
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2.3	Canada
A-MPR simulation results for the VLP mode in Canada were conducted with the general simulation parameters and additional parameters as listed below:
-	Pmax: 14dBm
-	Max PSD: -8dBm/MHz
-	Out-of-band emissions: none
-	Simulated channel: edge channel with the lower edge at 5945MHz (20MHz gap to the lower edge of n96)
The results are presented in Figure 2.3-1 below, where X-axis denotes a particular simulation case index (refer to Table 2-1) and Y-axis indicates the required power back-off.
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Figure 2.3-1: A-MPR VLP simulation results for Canada.

Based on the presented simulation results, Table 2.3-1 below summarises required A-MPR values for Canada. It is worth noting that in all cases the main limiting factor is PSD. In other words, even though we simulated the edge channel, the same A-MPR values should be applicable also to the center channels, especially accounting for the fact that there are no out-of-band emission requirements.
Table 2.3-1:  A-MPR values for Canada
	Pre-coding
	Modulation
	Channel bandwidth (Sub-band allocation) / RB Allocation

	
	
	20 MHz
	40 MHz
	60 MHz
	80 MHz

	
	
	Full (dB)
	Partial (dB)
	Full (dB)
	Partial (dB)
	Full (dB)
	Partial (dB)
	Full (dB)
	Partial (dB)

	DFT-s-ODFM
	QPSK
	≤ 16.0
	≤ 18.5
	≤ 12.5
	≤ 15.5
	≤ 11.0
	≤ 14.0
	≤ 9.5
	≤ 12.5

	
	16 QAM
	≤ 16.0
	≤ 18.5
	≤ 12.5
	≤ 15.5
	≤ 11.0
	≤ 14.0
	≤ 9.5
	≤ 12.5

	
	64 QAM
	≤ 16.0
	≤ 18.5
	≤ 12.5
	≤ 15.5
	≤ 11.0
	≤ 14.0
	≤ 9.5
	≤ 12.5

	
	256 QAM
	≤ 16.0
	≤ 18.5
	≤ 12.5
	≤ 15.5
	≤ 11.0
	≤ 14.0
	≤ 9.5
	≤ 12.5

	CP-OFDM
	QPSK
	≤ 16.0
	≤ 18.5
	≤ 12.5
	≤ 15.5
	≤ 11.0
	≤ 14.0
	≤ 9.5
	≤ 12.5

	
	16 QAM
	≤ 16.0
	≤ 18.5
	≤ 12.5
	≤ 15.5
	≤ 11.0
	≤ 14.0
	≤ 9.5
	≤ 12.5

	
	64 QAM
	≤ 16.0
	≤ 18.5
	≤ 12.5
	≤ 15.5
	≤ 11.0
	≤ 14.0
	≤ 9.5
	≤ 12.5

	
	256 QAM
	≤ 16.0
	≤ 18.5
	≤ 12.5
	≤ 15.5
	≤ 11.0
	≤ 14.0
	≤ 9.5
	≤ 12.5

	NOTE 1:	Full allocation A-MPR applies when all RB’s in a 20 MHz channel or all RB’s in all sub-bands for wideband operation are fully allocated and all sub-bands are transmitted.  Partial allocation A-MPR applies when one or more RB’s in one or more sub-bands are not allocated but when all sub-bands within the channel are transmitted.  When not all sub-bands within the channel are transmitted, the A-MPR associated with the channel bandwidth according to the bandwidth of the contiguously transmitted sub-bands and according to the allocation type applies.
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2.4	Brazil 
A-MPR simulation results for the VLP mode in Brazil were conducted with the general simulation parameters and additional parameters as listed below:
-	Pmax: 17dBm
-	Max PSD: -5dBm/MHz
-	Out-of-band emissions: -27dBm/MHz
-	Simulated channel: edge channel with the lower edge at 5945MHz (20MHz gap to the lower edge of n96)
The results are presented in Figure 2.4-1 below, where X-axis denotes a particular simulation case index (refer to Table 2-1) and Y-axis indicates the required power back-off.
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Figure 2.4-1: A-MPR VLP simulation results for Brazil.
Based on the presented simulation results, Table 2.4-1 below summarises required A-MPR values for Brazil. It is worth noting that in all cases the main limiting factor is PSD, i.e. the out-of-band emission requirement of -27dBm/MHz was never a limiting factor. In other words, even though we simulated the edge channel, the same A-MPR values should be applicable also to the center channels.
Table 2.4-1:  A-MPR values for Brazil
	Pre-coding
	Modulation
	Channel bandwidth (Sub-band allocation) / RB Allocation

	
	
	20 MHz
	40 MHz
	60 MHz
	80 MHz

	
	
	Full (dB)
	Partial (dB)
	Full (dB)
	Partial (dB)
	Full (dB)
	Partial (dB)
	Full (dB)
	Partial (dB)

	DFT-s-ODFM
	QPSK
	≤ 13.0
	≤ 15.5
	≤ 9.5
	≤ 12.5
	≤ 8.0
	≤ 11
	≤ 6.5
	≤ 9.5

	
	16 QAM
	≤ 13.0
	≤ 15.5
	≤ 9.5
	≤ 12.5
	≤ 8.0
	≤ 11
	≤ 6.5
	≤ 9.5

	
	64 QAM
	≤ 13.0
	≤ 15.5
	≤ 9.5
	≤ 12.5
	≤ 8.0
	≤ 11
	≤ 6.5
	≤ 9.5

	
	256 QAM
	≤ 13.0
	≤ 15.5
	≤ 9.5
	≤ 12.5
	≤ 8.0
	≤ 11
	≤ 6.5
	≤ 9.5

	CP-OFDM
	QPSK
	≤ 13.0
	≤ 15.5
	≤ 9.5
	≤ 12.5
	≤ 8.0
	≤ 11
	≤ 6.5
	≤ 9.5

	
	16 QAM
	≤ 13.0
	≤ 15.5
	≤ 9.5
	≤ 12.5
	≤ 8.0
	≤ 11
	≤ 6.5
	≤ 9.5

	
	64 QAM
	≤ 13.0
	≤ 15.5
	≤ 9.5
	≤ 12.5
	≤ 8.0
	≤ 11
	≤ 6.5
	≤ 9.5

	
	256 QAM
	≤ 13.0
	≤ 15.5
	≤ 9.5
	≤ 12.5
	≤ 8.0
	≤ 11
	≤ 6.5
	≤ 9.5

	NOTE 1:	Full allocation A-MPR applies when all RB’s in a 20 MHz channel or all RB’s in all sub-bands for wideband operation are fully allocated and all sub-bands are transmitted.  Partial allocation A-MPR applies when one or more RB’s in one or more sub-bands are not allocated but when all sub-bands within the channel are transmitted.  When not all sub-bands within the channel are transmitted, the A-MPR associated with the channel bandwidth according to the bandwidth of the contiguously transmitted sub-bands and according to the allocation type applies.
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2.5	Australia 
A-MPR simulation results for the VLP mode in Australia were conducted with the general simulation parameters and additional parameters as listed below:
-	Pmax: 14dBm
-	Max PSD: 1dBm/MHz
-	Out-of-band emissions: none
-	Simulated channel: edge channel with the lower edge at 5945MHz (20MHz gap to the lower edge of n96)
The results are presented in Figure 2.5-1 below, where X-axis denotes a particular simulation case index (refer to Table 2-1) and Y-axis indicates the required power back-off.
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Figure 2.5-1: A-MPR VLP simulation results for Australia.
Based on the presented results it is possible to notice that since there are no OOBE requirements, 20MHz and 40MHz channels are limited by only PSD. And other larger channels, such as 60MHz and 80MHz, are limited only by the maximum Tx power of +14dBm.
Table 2.5-1:  A-MPR values for Australia
	Pre-coding
	Modulation
	Channel bandwidth (Sub-band allocation) / RB Allocation

	
	
	20 MHz
	40 MHz
	60 MHz
	80 MHz

	
	
	Full (dB)
	Partial (dB)
	Full (dB)
	Partial (dB)
	Full (dB)
	Partial (dB)
	Full (dB)
	Partial (dB)

	DFT-s-ODFM
	QPSK
	≤ 7.0
	≤ 9.5
	≤ 6.0
	≤ 6.5
	≤ 6.0
	≤ 6.0
	≤ 6.0
	≤ 6.0

	
	16 QAM
	≤ 7.0
	≤ 9.5
	≤ 6.0
	≤ 6.5
	≤ 6.0
	≤ 6.0
	≤ 6.0
	≤ 6.0

	
	64 QAM
	≤ 7.0
	≤ 9.5
	≤ 6.0
	≤ 6.5
	≤ 6.0
	≤ 6.0
	≤ 6.0
	≤ 6.0

	
	256 QAM
	≤ 7.0
	≤ 9.5
	≤ 6.0
	≤ 6.5
	≤ 6.0
	≤ 6.0
	≤ 6.0
	≤ 6.0

	CP-OFDM
	QPSK
	≤ 7.0
	≤ 9.5
	≤ 6.0
	≤ 6.5
	≤ 6.0
	≤ 6.0
	≤ 6.0
	≤ 6.0

	
	16 QAM
	≤ 7.0
	≤ 9.5
	≤ 6.0
	≤ 6.5
	≤ 6.0
	≤ 6.0
	≤ 6.0
	≤ 6.0

	
	64 QAM
	≤ 7.0
	≤ 9.5
	≤ 6.0
	≤ 6.5
	≤ 6.0
	≤ 6.0
	≤ 6.0
	≤ 6.0

	
	256 QAM
	≤ 7.0
	≤ 9.5
	≤ 6.0
	≤ 6.5
	≤ 6.0
	≤ 6.0
	≤ 6.0
	≤ 6.0

	NOTE 1:	Full allocation A-MPR applies when all RB’s in a 20 MHz channel or all RB’s in all sub-bands for wideband operation are fully allocated and all sub-bands are transmitted.  Partial allocation A-MPR applies when one or more RB’s in one or more sub-bands are not allocated but when all sub-bands within the channel are transmitted.  When not all sub-bands within the channel are transmitted, the A-MPR associated with the channel bandwidth according to the bandwidth of the contiguously transmitted sub-bands and according to the allocation type applies.
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3	Conclusions
In this contribution we simulated the A-MPR values for the 6GHz unlicensed band required for the NR-U PC5 VLP operation in countries, such as EU/CEPT, Canada, Brazil and others. 
Proposal 1:	Use A-MPR values from TR 38.849 for the VLP mode in EU/CEPT and Hong Kong.
Proposal 2:	Use A-MPR values from Table 2.3-1 for the VLP mode in Canada.
Proposal 3:	Use A-MPR values from Table 2.4-1 for the VLP mode in Brazil.
Proposal 4:	Use A-MPR values from Table 2.5-1 for the VLP mode in Australia.
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