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Introduction
In the RAN#94e, a way forward [1] was agreed that provided two options for the band definition for the 6GHz unlicensed European spectrum. In this contribution, we provide further input from [2] to justify the choice of n96 for this band definition.
Discussion
6GHz band updates and agreements
In way forward [1], there are two options to support the 6GHz unlicensed spectrum in Europe in the 5945-6425MHz frequency range:
· Reuse band n96 definition 
· Create a new band 
· In any case the n96 channelization for the 5925-6425MHz range is reused as channels are already restricted to 5945-6425MHz
It also defines the assumptions to derive A-MPR corresponding to the European emission requirements for LPI and VLP devices:
A-MPR evaluation shall be performed with the following assumptions:
· A-MPR for PC5 is assessed using band n96 PC5 definitions for VLP and LPI device A-MPR. 
· No filter rejection is assumed <5935 MHz and >6425MHz for spurious emission.
· Same PA model and calibration set point from Band n96 is to be used. 
· A-MPR for other power classes are to be added at a later stage. 
· A-MPR studies for PC5 are to be compared and, if possible, decided at next RAN4 meeting.
Given the above agreements, it is already feasible for a UE to support the European unlicensed spectrum with an n96 implementation since:
· Channelization is the same
· Same power class is used with same calibration points
· No dedicated filter for the 5945-6425MHz range is assumed
At this point, the only justification for creating a new band is related to some potential optimization of the hardware on the BS or UE side, and notably, it has been argued that the 5150-6425MHz range could be covered by a single receive and/or transmit amplifier while n46 and n96 required separate amplification stages.
Having different regulations and slightly different spectrum coverage in different part of the world did not prevent using a single band definition for 5GHz with LAA band 46 and NRU band n46 thanks to appropriate NS definitions. The same band harmonization should be a goal for 6GHz band like it has been for NR bands n77/78/79 and any departure from that should have strong justification.
In the following chapter we discuss the front-end implementation of existing 5GHz and 6GHz Wi-Fi solutions, their applicability to NRU and their roadmap to assess whether there is any value in hardware optimization with a dedicated 6GHz European band.
UE and BS implementation of 6GHz band
For state-of-the-art Wi-Fi solutions supporting 5GHz and 6GHz bands, the station hardware is the starting point for UE implementation while the access point implementation is representative of a NR-U BS especially for Europe as BS are confined to indoor operation. Furthermore, for the EU 6GHz regulation, both BS and UE have to comply with LPI EIRP and in-band PSD and thus may use similar hardware.

Wi-Fi 6E access points (with 5GHz+6GHz support) have separate line ups for 5GHz and 6GHz with diplexers to enable concurrent operation in 5GHz and 6GHz. For the European spectrum, the diplexing is further eased with a larger UNII4/V2X gap and concurrent operation is also a must. To be competitive, NR-U BS must also consider concurrent operation of n46 and 6GHz band in Europe thus hardware reuse between the two bands is not relevant. On the BS side however, it might be feasible to define a n96 sub-band for the 5945-6425MHz if additional selectivity is desired for the upper frequency range.

Wi-Fi 6E station and smartphone hardware is usually size and cost sensitive with lower total throughput requirements than for the access point, thus concurrent 5GHz and 6GHz operation is not baseline, although not precluded in the future. Current state-of-the-art solutions already employ a single LNA to cover the entire 5150-7125MHz range; the transmitter however still uses a separate 5GHz and a 6GHz PA, but beyond the need to optimize the PA efficiency by using smaller bandwidths, it is also justified by the fact that different in-band PSD are allowed for the two bands and thus the power modes are different (especially for indoor or outdoor operation in 6GHz). These differences also exist for the 5GHz and 6GHz European spectrum with the LPI and VLP device operation and are relevant to NRU UE. Furthermore, if split band PAs are used for now, it has been essentially to speed up market introduction of the 6GHz band and a consolidated 5GHz and 6GHz band PA covering n41+n96 with the appropriate power modes is feasible in the future. It should be noted that n46+n96 is a 32% fractional bandwidth which is similar to the 30+% fractional bandwidth that a low-band or mid-band PA supports to cover all bands in their frequency range.

In terms of cost optimization and the availability of a worldwide ecosystem for band n96, it shall be noticed that on top of Korea that has adopted the full n96 range for unlicensed operation as captured in [3], recently, Brazil and Saudi Arabia have also adopted the same frequency range for unlicensed operation. Thus any short term (and still questionable) cost optimization by tailoring a specific band for use in Europe will cut itself from a very large 6GHz Wi-Fi and NRU ecosystem.

Proposal 1: Band n96 definition is reused to support 6GHz European unlicensed spectrum on top of North America FCC spectrum and strive for the support of other regulation in the world like the recently announced cases in Korea, Brazil and Saudi Arabia which all cover the 1200MHz of n96.
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 operation for the European unlicensed spectrum. To enable band n96 for the 5945-6425MHz spectrum, the simple changes highlighted in yellow in the tables below are sufficient. It should be noted that a similar approach can be used for other 6GHz regulation to come from other part of the world.
Proposal 2: Note 14 in Table 5.2-1 is modified as shown below to enable the support of the European unlicensed spectrum with n96.
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. ]



In order to reuse the n96 channelization for the 6GHz European unlicensed band as agreed in [1] and according to the proposed reuse of n96 band definition, ARFCN and SS raster tables can be modified by allocating a subset of channels to the existing and new NS as shown below.
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.



Proposal 3: Two new NS are allocated to band n96 to cover LPI and VLP devices and n96 channels in the 5945-6425MHz range are allocated to these NS and used according to above tables to restrict the operation in the 5945-6425MHz spectrum. 
Conclusions
In this contribution, we discuss the implementation options for the UE and the BS to support the 5GHz and 6GHz FCC and EU spectrum to conclude on the band definition.

Proposal 1: Band n96 definition is reused to support 6GHz European unlicensed spectrum on top of North America FCC spectrum and strive for the support of other regulation in the world like the recently announced cases in Korea, Brazil and Saudi Arabia which all cover the 1200MHz of n96.

Proposal 2: Note 14 in Table 5.2-1 is modified as shown below to enable the support of the European unlicensed spectrum with n96.
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. ]



We also propose a way to restrict the operation to the 5945-6425 MHz spectrum with NS and fully re-use the corresponding n96 channelization.

Proposal 3: Two new NS are allocated to band n96 to cover LPI and VLP devices and n96 channels in the 5945-6425MHz range are allocated to these NS and used according to above tables to restrict the operation in the 5945-6425MHz spectrum. 
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