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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. Following the publication of the 6GHz regulatory decision for different regions, such as US FCC and EU/CEPT, RAN plenary agreed several Rel-17 WIs hat aims at adding 3GPP support for the lower and full 6GHz band [2][3]. 
One of the unique features of the unlicensed 6GHz band is that regulatory requirements usually define several operational modes: standard power (SP) with the frequency usage coordination, low power indoor (LPI), and very low power (VLP) applicable to both indoor and outdoor. The existing 3GPP core NR-U functionality supports SP and LPI modes, and most technical discussions in Rel-16 and Rel-17 have been focusing on the LPI mode. The reason is that all the countries enable the LPI mode in the 6GHz band with similar regulatory requirements, whereas the SP mode can be used only in a few countries. As for the VLP mode, it was discussed several times during Rel-17, but no strong conclusion was reached.   
In this discussion paper we present our further considerations on the VLP mode for the 6GHz band, and which technical aspects shall be discussed further to enable this mode of operation to the 3GPP core specifications.   
2	VLP mode for the 6GHz band 
As mentioned in the Introduction part, depending on the local regulatory requirements the 6GHz band can have different operation modes, such as SP, LPI and VLP. While the LPI mode is defined by all countries, which have decided to open this band for the license-exempt operation, the VLP mode support is not homogeneous sometimes having quite distinctive regulatory requirements. Figure 2-1 below presents a summary of different countries and which 6GHz band modes they allow in different frequencies.
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Figure 2-1: Summary of the 6GHz modes in different countries. 
Referring to the comments expressed for the VLP mode during Rel-17 technical discussions, the following aspects shall be carefully analysed further for the VLP mode:
-	Use cases that the 3GPP core specifications need to support. While the LPI mode suits well a use case with the AP/bridge and client devices, the VLP mode is more applicable to the client-to-client communication, whereupon quite many regulatory requirements even explicitly prohibit usage of AP/bridge devices. 
-	Fluid regulatory requirements. There are countries/regions which are still in the process of refining the VLP mode parameters and releasing further updates. As an example, while the LPI mode was already supported some time ago in Chile, the VLP mode has been added only recently harmonising its usage with other LAM countries. The US FCC are also considering addition of the VLP mode to the 6GHz band. 
-	3GPP power class for the VLP mode. This aspect was raised during ongoing Rel-17 discussions. Current NR-U functionality defines only PC5 with +20dBm transmission power. While PC5 can obviously support lower transmission power needed for VLP, there is an open question whether 3GPP has to introduce a new power class specifically designed for the VLP mode; and if so, whether it should be +14dBm or +17dBm.  
-	Harmonised introduction of different regulatory requirements into the 3GPP specifications. As summarised in Annex A below, while most countries define maximum EIRP for the VLP mode as +14dBm, there are regions that allow +17dBm maximum transmission power.  Furthermore, the maximum PSD may vary lot from country to country, such as -8dBm/MHz in Canada versus 11dBm/MHz in UK and no restrictions at all in Morocco and Chile. At least for the LPI mode there is an intention to minimise introduction of new NS values. As can be seen from the Table 2-1 below, NS_53 was re-used for all LAM countries, even though Chile and Peru could have had a separate NS flag. So, new flags were added only for EU/CEPT, Canada and South Korea. Similarly, same exercise should be performed for the VLP mode in all countries where it is defined. 

Table 2-1: Summary of the NS values for the 6GHz band LPI mode.
	Country
	Mode

	
	SP
	LPI
	VLP

	Region 1

	EU/CEPT
	N/A
	NS_x1 (new)
	TBD

	Region 2

	US
	NS_54
	NS_53
	N/A

	Canada
	NS_54
	NS_x2 (new)
	TBD

	Brazil
	N/A
	NS_53
	TBD

	Peru
	N/A
	NS_53
	N/A

	Chile
	N/A
	NS_53
	TBD

	Costa Rica
	N/A
	NS_01
	TBD

	Region 3

	South Korea
	N/A
	NS_x3 (new)
	TBD



Taking all these considerations into account, our view is that introduction of the VLP mode will require non-trivial technical discussions, which it will be impossible to conduct within remaining two Rel-17 technical meetings in January and February before the Rel-17 deadline in March 2022. Thus, if there is an interest in adding support for this mode to the 3GPP core specification, we suggest considering the corresponding WI for Rel-18.
[bookmark: _Toc88774678][bookmark: _Toc89167768]Proposal:	Consider a new spectrum Rel-18 WI to enable the VLP mode for the 6GHz band.   

3	Conclusions
In this discussion paper we have presented our further considerations on the so-called VLP mode for the 6GHz band. Our view is that introduction of the VLP mode will require non-trivial technical discussions, which it will be impossible to conduct within remaining two Rel-17 technical meetings in January and February before the Rel-17 deadline in March 2022. Thus, if there is an interest in adding support for this mode to the 3GPP core specification, we suggest considering the corresponding WI for Rel-18. The corresponding WID draft can be found in [5].
Proposal:	Consider a new spectrum Rel-18 WI to enable the VLP mode for the 6GHz band.
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Annex A: Summary of the 6GHz band regulations

	Region
	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

	Region 1
	EU/CEPT
	LPI 
	5945 – 6425MHz
	23dBm
	10dBm/MHz
	-22 dBm/MHz 
(below 5935MHz)

	
	
	VLP 
	
	14dBm
	1dBm/MHz
10dBm/MHz (for the narrowband usage)
	-45 dBm/MHz
(below 5935MHz); 

	
	
	
	
	
	
	

	
	UK
	LPI 
	5925 – 6425MHz
	24dBm
	11dBm/MHz
	In accordance with directive 2014/53/EC

	
	
	VLP 
	
	14dBm
	
	

	
	
	
	
	
	
	

	
	UAE
	LPI 
	5925 – 6425MHz
	24 dBm
	
	

	
	
	
	
	
	
	

	
	Morocco
	LPI 
	5925 – 6425MHz
	23 dBm
	
	

	
	
	VLP 
	
	14 dBm
	
	

	
	
	
	
	
	
	

	Region 2
	US
	SP 
	5925 – 6425MHz
6525 – 6875MHz
	36dBm (AP)
30dBm (CL)
	23dBm/MHz (AP)
17dBm/MHz (CL)
	-27 dBm/MHz
(outside operational range)

	
	
	LPI 
	5925 – 7125MHz
	30dBm (AP)
24dBm (CL)
	5 dBm/MHz (AP)
-1 dBm/MHz (CL)
	

	
	
	
	
	
	
	

	
	Canada
	SP 
	5925-6875 MHz
	36dBm
	23dBm/MHz
	

	
	
	LPI 
	5925-7125 MHz
	30dBm
	5 dBm/MHz
	

	
	
	VLP 
	
	14dBm
	-8dBm/MHz
	

	
	
	
	
	
	
	

	
	Brazil
	LPI 
	5925 – 7125MHz
	30dBm (AP)
24dBm (CL)
	5dBm/MHz (AP)
-1dBm/MHz (CL)
	-27 dBm/MHz (outside operational range)

	
	
	VLP 
	
	17 dBm
	-5 dBm/MHz
	

	
	
	
	
	
	
	

	
	Peru
	LPI 
	5925 – 7125MHz
	30dBm (AP)
24dBm (CL)
	5dBm/MHz (AP)
-1dBm/MHz (CL)
	

	
	
	
	
	
	
	

	
	Chile
	LPI 
	5925 – 7125MHz
	30dBm (AP)
24dBm (CL)
	5dBm/MHz (AP)
-1dBm/MHz (CL)
	

	
	
	VLP 
	
	17 dBm
	
	

	
	
	
	
	
	
	

	
	Columbia
	LPI 
	5925 – 7125MHz
	30dBm (AP)
24dBm (CL)
	5dBm/MHz (AP)
-1dBm/MHz (CL)
	-27 dBm/MHz (outside operational range)

	
	
	
	
	
	
	

	Region 3
	South Korea
	LPI 
	5925 – 7125MHz
	24dBm
	2dBm/MHz
	-27 dBm/MHz (outside operational range)

	
	
	VLP 
	5925 – 6425MHz
	14dBm
	1dBm/MHz
	-34 dBm/MHz (outside operational range of the VLP mode)
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