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Introduction
In the RAN#90 e-meeting it was agreed that a regulatory framework was available from [2] to start the work on specifying NRU operation in the European lower 6GHz band and the WI was updated accordingly [1]. In this contribution, we analyze the available regulations and propose to reuse the n96 band definition restricted to the channels in the 5945-6425MHz frequency range using NS mechanism as already used for n46 sub-bands or FCC compliant indoor/outdoor operation in n96. Emission requirements are also analyzed to assess A-MPR needs.
Discussion
Available Regulation
The main regulatory aspects are available from [2], further details as also referenced to [3, 4]. Summary tables from [2] for the two types of permitted devices are reproduced below:
· Table 1 for low power indoor devices which is applicable to both UE and BS indoor operation
· Table 2 for very low power devices which is applicable to UE both indoor and outdoor

Table 1: Low Power Indoor (LPI) WAS/RLAN devices
	Parameter 
	Technical conditions 

	Permissible operation 
	Restricted to indoor use only (including trains where metal coated windows (note 1) are fitted and aircraft) 
Outdoor use (including in road vehicles) is not permitted. 

	Category of device 
	An LPI access point or bridge that is supplied power from a wired connection, has an integrated antenna and is not battery powered. 
An LPI client device is a device that is connected to an LPI access point or another LPI client device and may or may not be battery powered. 

	Frequency band 
	5945-6425 MHz 

	Channel access and occupation rules 
	An adequate spectrum sharing mechanism shall be implemented. 

	Maximum mean e.i.r.p. for in-band emissions (note 2) 
	23 dBm 

	Maximum mean e.i.r.p. density for in-band emissions (note 2) 
	10 dBm/MHz 

	Maximum mean e.i.r.p. density for out-of-band emissions below 5935 MHz (note 2) 
	-22 dBm/MHz 

	Note 1: Or similar structures made of material with comparable attenuation characteristics. 
Note 2: The "mean e.i.r.p." refers to the e.i.r.p. during the transmission burst, which corresponds to the highest power, if power control is implemented. 


Table 2: Very Low Power (VLP) WAS/RLAN devices
	Parameters 
	Technical conditions 

	Permissible operation 
	Indoors and outdoors. Use on drones is prohibited 

	Category of device 
	The VLP device is a portable device 

	Frequency band 
	5945-6425 MHz 

	Channel access and occupation rules 
	An adequate spectrum sharing mechanism shall be implemented. 

	Maximum mean e.i.r.p. for in-band emissions (note 1) 
	14 dBm 

	Maximum mean e.i.r.p. density for in-band emissions (note 1) 
	1 dBm/MHz 

	Narrowband usage maximum mean e.i.r.p. density for in-band emissions (note 1) (note 2) 
	10 dBm/MHz 

	Maximum mean e.i.r.p. density for out-of-band emissions below 5935 MHz (note 1) 
	-45 dBm/MHz (note 3) 

	Note 1: The "mean e.i.r.p." refers to the e.i.r.p. during the transmission burst, which corresponds to the highest power, if power control is implemented. 
Note 2: Narrowband (NB) devices are devices that operate in channels bandwidths below 20 MHz. Narrowband devices also require a frequency hopping mechanism based on at least 15 hop channels to operate at a PSD value above 1 dBm/MHz. 
Note 3: ECC will study the appropriateness of this level of OOBE by 31/12/2024. In absence of the justified evidence, a value of -37 dBm/MHz will be adopted from 1 January 2025. 



Observations on ECC device definitions and use cases:
· The LPI device definition correspond to the same use cases studied for NRU in band n46 and n96 covering both UE and BS
· The VLP device only correspond to the UE side:
· Narrow band use case is targeting “Bluetooth like” devices and cannot be covered by current NRU features
· VLP Wideband use case may be supported by NRU but the use case is less clear than for LPI device

Proposal 1:
· LPI device use case is prioritized
· VLP Narrow band use case is out of scope
· Further clarification of wideband VLP use cases may be needed, at this point we suggest it is considered
Comparison of FCC and CEPT Requirements with NRU
Table 3 provides a quick comparison of the FCC and CEPT requirements as can be derived from n96 specification from 38.101-1, and CEPT/ETSI/BRAN specifications from [2, 3, 4].
Table 3: Comparison of FCC and CEPT requirements in the 6 GHz band
	Parameters
	FCC
	CEPT

	Band/
Sub-bands
ranges 
[MHz]
	UNII5 5925-6425 (indoor/outdoor)
UNII6 6425-6725 (indoor only)
UNII7 6725-6875 (indoor/outdoor)
UNII8 6875-7125 (indoor only)
	5945-6425

	device 
type
	Outdoor
 w AFC (NS54)
	Indoor 
wo AFC (NS53)
	LPI (NS56?)
	VLP (NS55?)

	max EIRP [dBm ]
	36
	30
	23
	14

	in band PSD [dBm/MHz]
	17
	-1
	10
	1

	Max power for 20MHz full allocation [dBm]
	29.8
	11.8
	22.8
	13.8

	Max power for 20MHz interlace [dBm]
	27.4
	9.4
	20.4
	11.4

	Max power for 80MHz full allocation [dBm]
	35.9
	17.9
	23.0
	14.0

	Max power for 80MHz interlace [dBm]
	33.4
	15.4
	23.0
	14.0

	OOB below band [dBm/MHz]
	-27
	-22
	-45 (-37 after 2024)

	OOB range (<) below band [MHz]
	5925
	5935

	First WiFi/NRU channel starts at [MHz]
	5945
	5945

	Single CC spectrum mask
	same for NRU and ETSI BRAN

	Punctured CC spectrum mask
	same for NRU and ETSI BRAN



Observations:
· Except for the emissions requirements that are in any event changed for different types, FCC UNII5 and CEPT have the same constrains in terms of channelization and spectrum mask
· Differences to in-band and out-of-band emission requirements can be handled by NS for the different regions and  UE types as has already been done in n46 and n96 bands
· For 20MHz channels in-band PSD is compatible with PC5, setting the cell range with the interlace waveform. Similarly, PC3 using two PC5 PAs is an option for wider bandwidths

Figure 1 illustrates the IEEE 802.11ax, 802.11be and NRU n96 channelization in the 5925-6425MHz range together with the related in-band max EIRP and PSD and out-of-band PSD requirements per regions and device types.
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Figure 1: WiFi and NRU channelization in the 5925-6425MHz range
Observations: 
· n96 channel definitions (according to WiFi channelization) within 5925-6425MHz are adequate for the European unlicensed spectrum:
· Channel allocation starts at 5945MHz to account for a 10MHz guard band to the highest European rail ITS channel finishing at 5935MHz
· No channel overlaps the 6425MHz edge of the spectrum 
6GHz EU Band Definition
It is usual to seek for worldwide band definitions in 3GPP to enable larger economy of scale and ecosystem even though the full spectrum may not be available in each regions or have different emission requirements. Good examples are LTE and NR bands (n)28, (n)41, n78, n77, n79 and especially unlicensed band (n)46. 

Also it is possible to support overlapping TDD bands with different superseding band implementations above 2.5GHz in the UE. For example:
· n41 implementation can cover n38
· n77 implementation can be used to cover B42/43/48/52/n78

In a particular region, the spectrum may be restricted by the BS only implementing the range of interest and/or using NS.

With all the above examples and considerations together with the similarity of requirements for FCC UNII5 discussed in the previous chapter, it is obvious that the UE can reuse the n96 band definition, as long as the network limits the operation to the 5945-6425MHz frequency range.

It should be noted that the WiFi implementation on the client side also uses the same definition and hardware for the U.S. and Europe for both 5GHz and 6GHz bands. Furthermore, this will ensure not only maximum hardware reuse between NRU operation for the US and Europe but also allow any possible reuse of WiFi hardware in the UE.

Finally, it is recognized that the European 6GHz licensed band overlaps with the band n96 range, but there are no specific emission requirements above 6425MHz that would require the implementation of a dedicated filter for the unlicensed operation.
Separately, European licensed band operation will require a specific band number, definition and filter requirements for this band and can be discussed in the corresponding work item.

Proposal 2 on band definition:
· Band n96 is reused for UE operation in European unlicensed band 
· Operation is restricted to the 5945-6425MHz range and corresponding 20, 40, 60 and 80 MHz channels
· FSS whether a specific sub-band is introduced for the BS
· Band n96 receiver requirements are used as is
· Band n96 MPR, ACLR and spectrum mask definitions are used as is
Implementation in the UE Specification
The implementation in the UE specification is rather simple with the introduction of two new NS for band n96 that would cover LPI and VLP devices for the European unlicensed spectrum; some examples of this are highlighted in yellow the tables below.
Table 5.2-1: NR operating bands in FR1
	NR operating band
	Uplink (UL) operating band
BS receive / UE transmit
FUL_low   –  FUL_high
	Downlink (DL) operating band
BS transmit / UE receive
FDL_low   –  FDL_high
	Duplex Mode

	n1
	1920 MHz – 1980 MHz
	2110 MHz – 2170 MHz
	FDD

	voided

	n9614
	5925 MHz – 7125 MHz
	5925 MHz – 7125 MHz
	TDD13

	n9715
	2300 MHz – 2400 MHz
	N/A
	SUL

	n9816
	1880 MHz – 1920 MHz
	N/A
	SUL

	NOTE 13:	This band is restricted to operation with shared spectrum channel access as defined in [37.213].
NOTE 14:	This band is applicable in the USA only subject to FCC Report and Order [FCC 20-51 and in Europe subject to CEPT ECC Decision (20)01 for the 5945 to 6425 MHz frequency range. ]



Table 5.4.2.3-3: Allowed NREF (NR-ARFCN) for operation in Band n96
	Channel Bandwidth
	NS Value
	Allowed NREF

	20 MHz
	NS_53, NS_54, NS_XX and NS_YY
	797000, 798332, 799668, 801000, 802332, 803668, 805000, 806332, 807668, 809000, 810332, 811668, 813000, 814332, 815668, 817000, 818332, 819668, 821000, 822332, 823668, 825000, 826332, 827668

	
	NS_53 and NS_54
	829000, 830332, 831668, 833000, 834332, 835668, 837000, 838332, 839668, 841000, 842332, 843668, 845000, 846332, 847668, 849000, 850332, 851668, 853000, 854332, 855668, 857000, 858332, 859668, 861000, 862332, 863668, 865000, 866332, 867668, 869000, 870332, 871668, 873000, 874332

	40 MHz
	NS_53, NS_54, NS_XX and NS_YY
	797668, 800332, 803000, 805668, 808332, 811000, 813668, 816332, 819000, 821668, 824332, 827000

	
	NS_53 and NS_54
	829668, 832332, 835000, 837668, 840332, 843000, 845668, 848332, 851000, 853668, 856332, 859000, 861668, 864332, 867000, 869668 
872332

	60 MHz
	NS_53, NS_54, NS_XX and NS_YY
	798332, 799668, 803668, 805000, 809000, 810332, 814332, 815668, 819668, 821000, 825000, 826332

	
	NS_53 and NS_54
	830332, 831668, 835668, 837000, 841000, 842332, 846332, 847668, 851668, 853000, 857000, 858332, 862332, 863668, 867668, 869000, 873000

	80 MHz
	NS_53, NS_54, NS_XX and NS_YY
	799000, 804332, 809668, 815000, 820332, 825668

	
	NS_53 and NS_54
	831000, 836332, 841668, 847000, 852332, 857668, 863000, 868332


Table 5.4.3.3-1: Applicable SS raster entries per operating band
	NR operating band
	SS Block SCS
	SS Block pattern1
	Range of GSCN
(First – <Step size> – Last)

	n1
	15 kHz
	Case A
	5279 – <1> – 5419

	…
	…
	…
	…

	n964
	30 kHz
	Case C
	9531 – <1> – 10363

	NOTE 4:	The following GSCN are allowed for operation in band n96 when NS_53, NS_54, NS_XX or NS_YY is signalled: 	GSCN = 9548, 9562, 9576, 9590, 9603, 9617,9631, 9645, 9659, 9673, 9687, 9701, 9714, 9728, 9742, 9756, 9770, 9784, 9798, 9812, 9826, 9840, 9853, 9867, and GSCN = 9881, 9895, 9909, 9923, 9937, 9951, 9964, 9978, 9992, 10006, 10020, 10034, 10048, 10062, 10076, 10090, 10103, 10117, 10131, 10145, 10159, 10173, 10187, 10201, 10214, 10228, 10242, 10256, 10270, 10284, 10298, 10312, 10325, 10339, 10353 when NS_53 or NS_54 is signalled.


A-MPR Aspects
As shown in Table 3, OOB requirements below the band are different in CEPT regulation compared to FCC regulation. 
For the LPI device the requirement is -22dBm/MHz @ < 5935MHz instead of -27dBm @ <5925MHz for NS_54. This is very similar since the emissions are 5dB relaxed but 10MHz closer. Further evaluation will be needed but back-off values may be anticipated to apply only to the lowest channels. Behavior of full allocation and interlaces will need assessment for both single CC and wideband operations.
For the VLP device the requirement is -45 dBm/MHz @ < 5935MHz (updated to -37 dBm/MHz in 2025) instead of -27 dBm @ <5925MHz for NS_54. This is a significantly lower emission level but since the 14 dBm maximum power correspond to 6 dB MPR for a PC5 device the 20 MHz mask already provides 28dBr at 10 MHz offset and thus approximately -27 dBm/MHz for the full allocation, A-MPR will need to be evaluated for the lowest 20, 40, 60 and 80MHz channels. For the second channel, the 6 dB back-off to meet the maximum power of 14dBm might be sufficient.
For the channels other than the lowest ones, the A-MPR will be dictated by the in-band PSD. In Table 4, the required back-off for PC5 is calculated for LPI and VLP devices for the corner cases of full allocation and lowest allocation interlace waveforms.
Table 4: Calculated PC5 back-off to meet VLP and LPI device in-band PSD
	
	BW
[MHz]
	Full allocation BW [MHz]
	PC5 back off vs IB PSD
	Nb of interlace for 1RB/10
	PC5 back off vs IB PSD

	
	
	
	1dBm/MHz
	10dBm/MHz
	
	1dBm/MHz
	10dBm/MHz

	CP-OFDM
	20
	19.08
	6.2
	-2.8
	11
	8.6
	-0.4

	
	40
	38.88
	3.1
	-5.9
	22
	5.6
	-3.4

	
	60
	58.32
	1.3
	-7.7
	33
	3.8
	-5.2

	
	80
	78.12
	0.1
	-8.9
	44
	2.6
	-6.4

	DFT-s-OFDM
	20
	18
	6.4
	-2.6
	10
	9.0
	0.0

	
	40
	38.88
	3.1
	-5.9
	22
	5.6
	-3.4

	
	60
	58.32
	1.3
	-7.7
	33
	3.8
	-5.2

	
	80
	77.76
	0.1
	-8.9
	44
	2.6
	-6.4



The yellow highlights above shows the cases where the power will be limited by the VLP device maximum EIRP of 14dBm, while the blue highlights show the cases that are limited by the 23dBm maximum EIRP.
Observation on A-MPR:
· Specific A-MPR study will be needed for OOB requirement < 5935MHz for both VLP and LPI devices
· In many cases VLP device power will be limited by the 14dBm EIRP limit
· It can be seen that PC5 offers a good compromise for LPI devices with MOP achieved for the 20MHz interlace waveform that drive the cell range, and VLP devices since 20MHz channel will reach the maximum EIRP of 14 dBm for full allocation
· PC3 (possibly using two PC5 PAs) may also fit LPI devices with MOP achieved for 20MHz full allocation and 40MHz interlaces

Proposal 3 for A-MPR:
· Two new Band n96 NS are introduced to cover VLP and LPI UE devices
· Band n96 PC5 definition is used to assess VLP and LPI device A-MPR
· A mechanism is needed to limit MOP to 14dBm for VLP devices
· FFS if PC3 using two PC5 power amplifiers for LPI device is introduced

In order to introduce the specific European emission requirements for LPI and VLP devices, NS_XX and NS_YY are used and the associated A-MPR tables will be added. Examples of the required modifications and additions are highlighted in yellow.
Table 6.2F.1-2: Additional requirements for transmit power density
	NR Band
	NS value
	Channel bandwidth (MHz)
	Frequency range (MHz)
	Maximum mean power density (dBm/MHz)

	n46
	NS_28
	20, 40, 60, 80
	5150 – 5350
	10

	
	
	
	5470 – 5725
	

	
	NS_29
	20
	5170 – 5330
	10

	
	
	
	5490 – 5730
	

	
	
	40
	5170 – 5330
	7

	
	
	
	5490 – 5730
	

	
	
	60, 80
	5170 – 5330
	4

	
	
	
	5490 – 5730
	

	
	NS_30
	20, 40, 60, 80
	5150 – 5350
	11

	
	
	
	5470 – 5725
	

	
	NS_31
	20
	5150 - 5230
	10

	
	
	
	5250 – 5350
	

	
	
	
	5470 – 5725
	

	
	
	
	5725 - 5850
	

	
	
	
	5230 – 5250
	4

	
	
	40
	5150 - 5230
	7

	
	
	
	5250 – 5350
	

	
	
	
	5470 – 5725
	

	
	
	
	5725 - 5850
	

	
	
	
	5230 – 5250
	4

	
	
	60, 80
	5150 - 5230
	4

	
	
	
	5250 – 5350
	

	
	
	
	5470 – 5725
	

	
	
	
	5725 - 5850
	

	
	
	
	5230 – 5250
	

	n96
	NS_53
	20, 40, 60, 80
	5925 – 7125
	-1

	
	NS_54
	20, 40, 60, 80
	5925 – 6425
	17

	
	
	
	6525 – 6875
	

	
	NS_XX
	20, 40, 60, 80
	5945 – 6425
	1

	
	NS_YY
	20, 40, 60, 80
	5945 – 6425
	10



Table 6.2F.3.1-1: Additional maximum power reduction (A-MPR)
	Network signalling label
	Requirements (clause)
	NR Band
	Channel bandwidth (MHz)
	Resources blocks (NRB)
	A-MPR (clause)

	NS_01
	
	n46, n96
	20, 40, 60, 80
	
	N/A

	NS_28
	
	n46
	20, 40, 60, 80
	
	6.2F.3.2

	NS_29
	
	n46
	20, 40, 60, 80
	
	6.2F.3.3

	NS_30
	
	n46
	20, 40, 60, 80
	
	6.2F.3.4

	NS_31
	
	n46
	20, 40, 60, 80
	
	6.2F.3.5

	NS_53
	
	n96
	20, 40, 60, 80
	
	6.2F.3.6

	NS_54
	
	n96
	20, 40, 60, 80
	
	6.2F.3.7

	NS_XX
	
	n96
	20, 40, 60, 80
	
	6.2F.3.8

	NS_YY
	
	n96
	20, 40, 60, 80
	
	6.2F.3.9

	NOTE 1:	The A-MPR shall apply to all active 20 MHz sub-bands contiguously allocated in the channel.



[The NS_01 label with the field additionalPmax [7] absent is default for all NR bands.]
Table 6.2F.3.1-1A: Mapping of network signaling label
	NR band
	Value of additionalSpectrumEmission

	
	0
	1
	2
	3
	4
	5
	6
	7

	n46
	NS_01
	NS_28
	NS_29
	NS_30
	NS_31
	
	
	

	n96
	NS_01
	NS_53
	NS_54
	NS_XX
	NS_YY
	
	
	

	NOTE:	additionalSpectrumEmission corresponds to an information element of the same name defined in clause 6.3.2 of TS 38.331 [7].


6.5F.3.3.5	Requirements for network signalled value "NS_53" or "NS_54"
When "NS_53" or "NS_54" is indicated in the cell, the power of any UE emission shall not exceed the levels specified in Table 6.5F.3.3.5-1. These requirements also apply for the frequency ranges that are less than FOOB (MHz) in Table 6.6.3.1-1 from the edge of the channel bandwidth.
Table 6.5F.3.3.5-1: Additional requirements
	Frequency band
(MHz)
	Spectrum emission limit
(dBm)
	Measurement bandwidth

	f ≤ 5925
	-27
	1 MHz

	f ≥ 7125
	-27
	


6.5F.3.3.6	Requirements for network signalled value "NS_XX"
When "NS_XX" is indicated in the cell, the power of any UE emission shall not exceed the levels specified in Table 6.5F.3.3.6-1. These requirements also apply for the frequency ranges that are less than FOOB (MHz) in Table 6.6.3.1-1 from the edge of the channel bandwidth.
Table 6.5F.3.3.6-1: Additional requirements
	Frequency band
(MHz)
	Spectrum emission limit
(dBm)
	Measurement bandwidth

	f ≤ 5935
	-45
	1 MHz


6.5F.3.3.7	Requirements for network signalled value "NS_YY"
When "NS_YY" is indicated in the cell, the power of any UE emission shall not exceed the levels specified in Table 6.5F.3.3.7-1. These requirements also apply for the frequency ranges that are less than FOOB (MHz) in Table 6.6.3.1-1 from the edge of the channel bandwidth.
Table 6.5F.3.3.7-1: Additional requirements
	Frequency band
(MHz)
	Spectrum emission limit
(dBm)
	Measurement bandwidth

	f ≤ 5935
	-22
	1 MHz


Conclusions
In this contribution, we provide the analysis of the CEPT ECC regulation for the European 6GHz unlicensed band and compare it to the FCC and n96 NRU band requirements. Based on the analysis we propose the following proposals.

Proposal 1:
· LPI device use case is prioritized
· VLP Narrow band use case is out of scope
· Further clarification of wideband VLP use cases may be needed, at this point we suggest it is considered

Proposal 2 on band definition:
· Band n96 is reused for UE operation in European unlicensed band 
· Operation is restricted to the 5945-6425MHz range and corresponding 20, 40, 60 and 80 MHz channels
· FSS whether a specific sub-band is introduced for the BS
· Band n96 receiver requirements are used as is
· Band n96 MPR, ACLR and spectrum mask definitions are used as is

Proposal 3 for A-MPR:
· Two new Band n96 NS are introduced to cover VLP and LPI UE devices
· Band n96 PC5 definition is used to assess VLP and LPI device A-MPR
· A mechanism is needed to limit MOP to 14dBm for VLP devices
· FFS if PC3 using two PC5 power amplifiers for LPI device is introduced
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