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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 was approved recently in different regulatory regions. Referring to the latest 6GHz regulatory status update [2], FCC approved license-exempt usage in the frequency range of 5925-7125MHz, which has been already reflected by the corresponding 3GPP band n96. Several Administrations, such as South Korea and Brazil, have also opened up the whole range to the license-exempt operation. The regulatory framework for CEPT countries was completed in November covering the 5945-6425MHz frequency range. 
Since the 6GHz regulatory framework for the CEPT countries is completed, 3GPP RAN#90 meeting decided to resume the corresponding WI [3] that aims at adding 3GPP support for the 6GHz band in that regulatory region. During RAN4#98 meeting, several contributions were made elaborating further on whether 3GPP can leverage the existing band n96 or should add a new band [4]-[8]. RAN WG4 did not conclude on this matter and instead two options were captured in the final summary document [9]. In this discussion paper we present our further technical analysis of the overall 6GHz ecosystem and how to support the 6GHz band in the EU/CEPT regulatory domain.   

2	6GHz band  
As already mentioned in the Introduction part, while several Administrations, such as US FCC and Korean MIST, have allocated the full range of 5925-7125MHz to the license-exempt operation, EU/CEPT countries will use a smaller portion of the 6GHz band for the unlicensed operation. As can be seen from the Figure 1 below, EU/CEPT 6GHz band roughly corresponds to the US U-NII-5 sub-band with the only difference that it starts at 5945MHz.  It also worth noting that the EU/CEPT 6GHz band matches the corresponding frequency range allocated by the Korean government for the similar low power indoor (LPI) and very low power (VLP) indoor/outdoor operation (refer to Table 2-1 below for more technical details). 
[image: ]
Figure 2-1: Overview of the 6GHz unlicensed band in different regulatory regions. 

One of the first questions for introduction of the unlicensed operation on the 6GHz band in the EU/CEPT countries is the band plan for the 3GPP specifications. As presented in Figure 1, there already exists band n96 covering the whole frequency range from 5925MHz to 7125MHz. And even though band n96 covers the whole frequency range of 5.875-7.125GHz (effectively supporting the 6GHz band in countries, such US, Korea, Brazil, etc), there is no technical obstacle for using the same band for a sub-range of frequencies in EU/CEPT. In fact, this is quite a common practice for 3GPP when an existing larger band is used to support a smaller band whereupon a larger and a smaller band can be even in different geographical regions. One of the most recent examples is band n77 being leveraged for the C-band in US. The fact that CEPT countries have a smaller frequency range should not cause any discrepancies because it is eventually up to the base station configuration on which frequencies NR is configured. 
From the UE implementation perspective same hardware components can be used to support band 6GHz, or parts thereof, with the only difference that in EU/CEPT a UE will be configured on different channels following what the NR system information broadcasts. Referring forward to Table 2-1, the regulatory parameters and usage of the 5.925-6.425GHz frequency range are very similar (if not identical) across all the major Administrations, and thus there is no technical obstacle in supporting this range with the same 3GPP band. As can be seen, EU/CEPT regulatory rules define LPI and VLP modes for the 5925-6425MHz range; and Korean and Brazil rules generally follow the same principle with the only difference that Brazil extends usage of two modes for the whole frequency range up to 7125MHz. In that sense tailoring UE implementation to the EU/CEPT rules does not bring any benefits, while supporting the EU/CEPT 6GHz band with the existing band n96 will decrease time-to-market fostering band 6GHz usage in different regions and incentivising investments. 
During the RAN4#98 meeting, several EU/CEPT operators expressed a concern on leveraging existing band n96 for the reason that WRC23 might identify some parts of the 6GHz band for the IMT designation. It was claimed that having a separate/new band in 3GPP for 5.925-6.425GHz will simplify adoption of IMT bands (if the latter has special protection requirements). Firstly, our view is that we cannot predict the outcome of the regulatory discussions and thus 3GPP can devise specifications only following existing and officially approved regulatory decisions. In that sense CEPT has completed the regulatory framework for 5.925-6.425GHz, which will govern not only 3GPP/NR devices but also WIFI device ecosystem. Even if CEPT decides to introduce more stringent requirements for devices operating in 5.925-6.425GHz frequency range as the outcome of WRC23, it is not likely that all existing devices in the market will be able to follow them (irrespective of the fact whether band n96 or a new band is used). As for new devices, 3GPP has the corresponding framework with NS values that can activate new requirements, if needed. Thus, leveraging band n96 for supporting the 6GHz band in EU/CEPT countries, of course, does not preclude IMT designation. And if so decided by WRC23 and local regulators, it will not create any technical obstacles for supporting new requirements.
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The next question is how to support different regulatory requirements for the 6GHz band. The table 2-1 below summarises CEPT regulatory parameters (refer to Annex A for the summary of other countries/regions). While FCC defines outdoor operation only for a scenario when AFC is deployed, CEPT rules do not have a notion of AFC limiting instead maximum EIRP and PSD for outdoor operation and making it feasible only for so-called portable devices. For the indoor operation, CEPT allows both the LPI access point, which is supplied power from a wired connection and is not battery powered, and the LPI client device, which is connected to an LPI access point or another LPI client device and may or may be not battery powered. Other countries, such as South Korea and Brazil, use the same principle as EU/CEPT when both LPI and VLP modes are allowed. And as presented in Figure 2-1, the only big difference between other countries and EU/CEPT is that latter limits LPI/VLP operation only to 5925-6425MHz range, whereas Korea and Brazil open the whole range for LPI/VLP or LPI only.   
It is worth noting that the 3GPP specifications already have the corresponding NS flags – NS53 and NS54 – to support indoor and outdoor operation on U-NII-5. Thus, the same principle can be followed to support EU/CEPT requirements. And referring to Annex A, introduction of new NS value(s) for the EU/CEPT 6GHz band will be most likely complemented by similar changes that RAN WG4 will introduce to support other geographical areas, where LPI/VLP modes might have slightly different maximum transmission power, PSD, or emission requirements [10].
Proposal 2:	Introduce new NS flag(s) to support CEPT regulatory requirements on the 3GPP band n96 (6GHz band).     

Table 2-1: Summary of the CEPT 6GHz band regulatory requirements.
	Country
	Permissible operation
	Frequency range
	Maximum mean EIRP for in-band emissions
	Maximum mean EIRP density for in-band emissions
	Maximum mean EIRP density for out-of-band emissions

	EU/CEPT
	LPI: Restricted for indoor use only (including trains where metal coated windows are fitted and aircraft).
Outdoor use (including in road vehicles) is not permitted.
	5945 - 6425MHz
	23dBm
	10dBm/MHz
	-22 dBm/MHz 
(below 5935MHz)

	
	VLP: Indoors and outdoors.
Use on drones is prohibited. The VLP device is a portable device.
	
	14dBm
	1dBm/MHz
	-45 dBm/MHz
(below 5935MHz)




3	Conclusions
In this discussion paper we have presented our initial views on the 6GHz unlicensed operation in CEPT countries and how the CEPT regulatory requirements can be supported in the 3GPP specifications. Our technical understanding is that existing 3GPP band n96 can be leveraged to support the 6GHz band in CEPT countries, for which the corresponding NS flag(s) will be added to differentiate between e.g. FCC and CEPT requirements.
Proposal 1:	Leverage existing band n96 to support license-exempt usage of the 6GHz band in EU/CEPT countries.
Proposal 2:	Introduce new NS flag(s) to support CEPT regulatory requirements on the 3GPP band n96 (6GHz band).
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Annex A: Summary of the 6GHz band regulatory parameters

	Country
	Permissible operation
	Frequency range
	Maximum mean EIRP for in-band emissions
	Maximum mean EIRP density for in-band emissions
	Maximum mean EIRP density for out-of-band emissions

	US
	Standard power: Outdoor with AFC.
	5925 - 6425MHz
6525 - 6875MHz
	36dBm (AP)
30dBm (CL)
	23dBm/MHz (AP)
17dBm/MHz (CL)
	-27 dBm/MHz
(outside operational range)

	
	LPI: The access point devices cannot be weather resistant and shall have integrated antennas (prohibiting connection to other antennas).
Operations in moving vehicles (cars, trains, aircraft) and drones are prohibited, with one exception in the U-NII-5 band for large passenger aircraft operating over 10,000 feet.
	5925 - 7125MHz
	30dBm (AP)
24dBm (CL)
	5 dBm/MHz (AP)
-1 dBm/MHz (CL)
	

	
	
	
	
	
	

	EU/CEPT
	LPI: Restricted for indoor use only (including trains where metal coated windows are fitted and aircraft).
Outdoor use (including in road vehicles) is not permitted.
	5945 - 6425MHz
	23dBm
	10dBm/MHz
	-22 dBm/MHz 
(below 5935MHz)

	
	VLP: Indoors and outdoors.
Use on drones is prohibited. The VLP device is a portable device.
	
	14dBm
	1dBm/MHz
	-45 dBm/MHz
(below 5935MHz)




	Country
	Permissible operation
	Frequency range
	Maximum mean EIRP for in-band emissions
	Maximum mean EIRP density for in-band emissions
	Maximum mean EIRP density for out-of-band emissions

	South Korea
	LPI: A device shall use power supply from a wired connection, and a client battery powered device must communicate through the device connected to a wired power supply. This frequency range cannot be used for indoor automotive or airplane deployments. Usage inside moving vehicles is prohibited
	5925 - 7125MHz
	24dBm
	2dBm/MHz
	-27 dBm/MHz (outside operational range)

	
	VLP: Very low power indoor and outdoor usage.
	5925 - 6425MHz
	14dBm
	1dBm/MHz
	-34 dBm/MHz (outside operational range)

	
	
	
	
	
	

	Brazil
	LPI: The AP equipment must be used only in an indoor environment. It must be powered directly by the electric power network, and battery power is not allowed. Their physical structures cannot be protected against bad weather. The operation is prohibited on oil extraction platforms, cars, trains, boats and aircraft, with the exception of operation in the 5.925-6.425 GHz band inside large aircraft flying above 3,048m. Client equipment must operate under the control of an indoor AP.
	5925 - 7125MHz
	30dBm (AP)
24dBm (CL)
	5dBm/MHz (AP)
-1dBm/MHz (CL)
	-27 dBm/MHz (outside operational range)

	
	VLP: Very low power indoor and outdoor usage
	
	17 dBm
	-5 dBm/MHz
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