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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 in most countries 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 most of 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 per outcome of the Rel-17 WI for the full 6GHz unlicensed band, the corresponding NS flags with associated A-MPR values were added to support the LPI mode in Region 2 and 3 countries; however, the VLP mode was not addressed properly. In fact, there are several countries that did not finalise even the LPI regulatory requirements and are expected to release the corresponding rules soon. 
In this discussion paper we present our further considerations on the remaining open aspects for the 6GHz band and which of them can be introduced to the 3GPP core specifications.   
2	Further evolution of the unlicensed bands 
2.1	LPI/SP and VLP modes for the 6GHz band
2.1.1	LPI/SP mode
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 most countries have already completed regulatory parameters of the LPI/SP mode in the 6GHz unlicensed band support for which was added in Rel-17, there are several countries/regions where the regulatory discussions were not over. 
-	Region 1: Saudi Arabia, Morocco, African Telecommunication Union
-	Region 2: Mexico
-	Region 3: Australia, New Zealand, Japan
Following the same principle, which we had in Rel-17 for the unlicensed operation in the 6GHz band, it would be beneficial to have a proper WI covering remaining countries/regions (which includes both band n96 and n102).
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Figure 2-1: Summary of the 6GHz modes in different countries. 
2.1.2	VLP mode for the 6GHz band
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 a 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. Even though it is in principle possible to support individual country VLP requirements, it would be very impractical and, when possible, similar requirements should be harmonised in the 3GPP specifications.
-	Minimisation of NS values. At least for the LPI mode there has been an intention to minimise number of new NS values. For instance, existing NS_53 was re-used for all LAM countries including Peru and Chile, even though these countries 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. In fact, with introduction of new LPI NS values – NS_59 and NS_60 – there will be only three spare values for band n96. Accounting for the fact that new NS values might be needed for LPI in other countries/regions, RAN WG4 should take a holistic approach on which new VLP NS values are needed unless we conclude that the NS field should be extended.

	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_59
	NS_60
	[NS_61]
	
	

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



Taking all these considerations into account, our view is that introduction of the VLP mode will require non-trivial technical discussions. 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.
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2.2	Other potential enhancements
During the Rel-17 technical discussions, the following potential enhancements for the 6GHz band were mentioned but they were not addressed due to the lack of time:
2.2.1	Common SP/LPI/VLP related enhancements
-	Enabling first 20MHz chunk, 5925-5945MHz, for bands n96 and n102. Current band n96 and n102 definitions start from 5925MHz, but existing ARFCN channel raster points do not allow using first 20MHz chunk of these bands. It was discussed during Rel-17 and companies concluded that it can be discussed further in Rel-18.
-	Type1 partial waveforms. As also discussed during Rel-17, current A-MPR values assume interlaced waveforms, but the network can also schedule contiguous RBs. Thus, there was an interest from companies to study further these aspects.   
-	100MHz channel. While the baseline Rel-16 NR-U feature supports the maximum channel bandwidth of 80MHz, the maximum channel bandwidth was further extended to 100MHz in Rel-17. However, the corresponding A-MPR values for the existing NS values were not studied.
2.2.2	LPI/SP related enhancements
-	Power class 3. NR-U power class 3, +23dBm, was already discussed back in Rel-16 but it was not specified in the core specifications. Since there is an interest from operators to enable higher power in the unlicensed band, it can be discussed further whether PC3 support is added to the NR-U core specifications.  And it is also worth noting that the PC3, +23dBm, power class can be added not only to bands n96/n102, but also to band n46.
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3	Conclusions
In this discussion paper we have presented our further considerations on the remaining open issues for the unlicensed bands. As presented in our discussion paper, since remaining open issues are not trivial and will require further technical discussions, it is beneficial to structure the corresponding work under the Rel-18 WI. The draft WI proposal can be found in [5].  
Proposal 1a:	Enable support of the LPI/SP mode in countries and regions that were not addressed in Rel-17 (covering both bands n96 and n102).
Proposal 1b:	Enable support of the VLP mode (covering both bands n96 and n102).
Proposal 2:	We suggest discussing further how to address several Rel-16/17 leftovers, such as enabling first 20MHz spectrum chunk, type1 partial waveforms and PC3.
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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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