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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. In addition to that, the regulatory framework for the EU/CEPT countries was completed in November covering the 5945-6425MHz frequency range. There are several more countries/regions, such as South Korea, Brazil and Saudi Arabia, that have announced recently the corresponding regulatory parameters for the 6GHz band.  
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. Referring to the EU/CEPT regulatory rules, low-power indoor and very low power indoor/outdoor modes of operation are allowed. In fact, other countries such as Brazil and South Korea follow the same principle of defining different modes with different maximum transmission power for indoor and outdoor operation. 
What remains unclear is while there can be an indoor NR-U base station allowing higher transmission power, there is a relatively high probability that an outdoor UE will camp on that cell thus violating regulatory requirements for the outdoor usage. In this discussion paper we elaborate further on potential mixed deployment cases asking RAN WG4 to consider potential issue that can emerge in this case.
2	LPI and VLP modes  
As already mentioned in the Introduction part, while some countries (US, South Korea, Brazil, etc) have allocated the full range of 5925-7125MHz to the license-exempt operation, there are countries, e.g. EU/CEPT, that will use a smaller portion of the 6GHz band for the unlicensed operation. Nevertheless, irrespective of which frequency is used in a particular country or region, most Administrations differentiate between low power indoor and very low power indoor/outdoor modes (refer to Figure 2-1). And as it follows from its name, the indoor mode allows noticeable higher transmission power: 
-	EU/CEPT: Both LPI and VLP modes are allowed in 5945 – 6425 MHz;
-	UK: Both LPI and VLP modes are allowed in 5925 – 6425 MHz;
-	South Korea: Both LPI and VLP modes are allowed in 5925 – 6425 MHz;
-	Brazil: Both LPI and VLP modes are allowed in 5925 – 7125 MHz;
-	Canada: Both LPI and VLP modes are allowed in 5925 – 7125 MHz;
And even though actual technical parameters slightly vary from region to region (see Annex A), the main principles are the same: a device operating outdoors shall not exceed the maximum EIRP and PSD limits, which become much more stringent once a device ends up to the outdoor environment. Referring to the UK Ofcom regulatory document as an example, it is clearly stated that "The Low Power Indoor apparatus may only be used within a building, onboard an aircraft or in any other enclosed space with attenuation characteristics at least as strong as those of either a building or an aircraft".
Observation 1:	There are a number of countries that define LPI and VLP modes for the 6GHz band.
Observation 2:	The regulatory requirements are quite strict on not allowing LPI outside buildings. 
Observation 3:	The regulatory requirements do not differentiate between CLI and AP devices while restricting the LPI usage to in-door environments.

[image: ]
Figure 2-1: Overview of the 6GHz unlicensed band with LPI and VLP modes. 
If there is an NR-U base station deployed indoors, then it can follow the LPI regulatory parameters of the corresponding region and configure accordingly client devices, UEs, with a higher transmission power and PSD. However, even though the NR-U base station physically resides indoors, there can be an outdoor UE that still can detect and camp on this cell. It should be noted that most regulatory requirements just indicate that the LPI access point must be powered directly by the electric power network and battery power is not allowed. Not all regions/countries even state that the access point physical structures cannot be protected against bad weather (for instance EU/CEPT rules do not have such a condition). Thus, since the indoor base station allows higher transmission power and PSD, the outdoor UE can effectively violate the regulatory requirements when it starts transmitting at the maximum transmission power allowed for the indoor operation. This situation is depicted in Figure 2-2 that shows an outdoor UE connecting to the indoor base station. Of course, if a particular UE supports only the VLP mode, then it will always meet the requirements. However, as there can be UEs supporting both VLP and LPI transmission power, then the LPI device can end up in the aforementioned situation potentially failing the regulatory requirements.
Observation 3:	An outdoor UE may camp on the indoor NR-U cell thus violating the regulatory requirements if the NR-U cell allows/configures higher transmission power in accordance with the LPI mode. 
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  Figure 2-2: Several deployment scenarios with LPI and VLP.
It is also worth noting that some countries, such as Chile and Peru, do not allow the VLP mode at all. So once a UE ends up to the outdoor environment, it should stop any transmission on the 6GHz band. And in some countries, such as South Korea, the same will happen for the frequency range of 6.425-7.125GHz, in which only LPI is allowed. 
Observation 4:	In some countries and/or 6GHz frequency sub-ranges no transmission is allowed if a device is not indoors.
Our general anticipation is that NR-U deployments on the 6GHz band will consider LPI transmission power, at least for the indoor deployment. However, since it is impossible to prevent outdoor UEs from connecting to the LPI base stations, we ask RAN WG4 to consider this issue. During the last RAN4#99 meeting a number of companies expressed an interest in looking into this scenario and thus we ask RAN WG4 to consider it further. 
[bookmark: _Toc61304321][bookmark: _Toc61304343][bookmark: _Toc61460060][bookmark: _Toc68170507][bookmark: _Toc68263497][bookmark: _Toc71543052][bookmark: _Toc79182382][bookmark: _Toc79182678]Proposal 1:	We ask RAN WG4 to consider a scenario when an outdoor UE is connected to the indoor LPI base station in order to ensure that no regulatory requirements are violated in this case.   

Among possible solutions for this problem, the following general approaches can be considered:
a)	NW controlled, configure only DL SCell(s). If a UE is configured only with DL SCell(s), then it will not transmit on NR-U thus not having any risk of violating requirements irrespective of the fact whether it is indoor or outdoor. This approach can be suitable for countries or frequency ranges when even VLP is not allowed outdoors. However, it is obvious that it will limit use case when some form of UL data offloading is envisioned.
b)	NW controlled, enable only VLP. For those countries where the VLP mode is defined, one potential solution could be to restrict UE UL transmission to the power levels allowed by the VLP requirements. In this way a UE will be compliant to the regulatory limits irrespective of its physical location. The obvious downside of this approach is that indoor deployments will not be able to use the full potential of UL transmission.
c)	UE controlled. This approach is similar to a) and b), but performed by the UE side. If a UE detects outdoor environment, it is allowed to restrict its maximum UL transmission power like with the existing UE behaviour when SAR and MPE requirements have to be met.    

[bookmark: _Toc79182383][bookmark: _Toc79182679]Proposal 2:	We ask RAN WG4 to consider further NW and UE controlled approaches to ensure that a UE UL transmission is compliant to the local regulations.


3	Conclusions
In this discussion paper we have presented a scenario with the indoor NR-U deployment that configures higher transmission power that is allowed in several regulatory regions. However, since there can be an outdoor UE connecting to this indoor cell, the former will violate the regulatory requirements.
Proposal 1:	We ask RAN WG4 to consider a scenario when an outdoor UE is connected to the indoor LPI base station in order to ensure that no regulatory requirements are violated in this case.
Proposal 2:	We ask RAN WG4 to consider further NW and UE controlled approaches to ensure that a UE UL transmission is compliant to the local regulations.
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Annex A: Summary of the 6GHz band regulatory parameters

	Region
	Country
	Permissible operation
(Note 1)
	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
	
	

	
	
	
	
	
	
	

	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)
	

	
	
	
	
	
	
	

	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)
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