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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 has been approved recently in different regulatory regions. Since not all the countries and regions were addressed during the corresponding RAN WG4 Rel-16 and Rel-17 WI [2], RAN#96 meeting approved a new WI [3] with the main motivation of enabling the low power indoor (LPI) and very low power (VLP) modes in countries not covered by previous technical efforts.
While discussing regulatory rules in the 6GHz unlicensed band, RAN WG4 has concluded that the existing range of NS values 0..7 is insufficient to address the variety of regulatory requirements. Thus, RAN WG4 sent an LS to RAN WG2 [4] asking to extend the NS range.
In this discussion paper we present our technical considerations on how the range of NS values can be extended ensuring backward compatibility with the legacy devices.  

2	Extending the range of NS values
2.1	Background
As per the latest TS 38.101-1 specifications, there are two unlicensed bands, 5GHz and 6GHz, which are supported by the corresponding 3GPP bands n46 and n96/n102 (while n96 covers 5925-7125MHz, band n102 is limited to 5925-6425MHz). And unlike most licensed band, both unlicensed bands are characterised by the fact that the regulations are not globally unform, but rather vary a lot from region to region. As can be seen from Table 2.1-1 below, band n96 already has several different NS flags to support different countries. 
Table 2.1-1: Mapping of NS values (based on Table 6.2F.3.1-1A from TS 38.101-1).
	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]
	
	

	n102
	NS_01
	NS_58
	
	
	
	
	
	

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



As already mentioned in the Introduction part, RAN WG4 started a new Rel-18 WI to enable support of the 6GHz band in remaining countries/regions, whereupon it was realised that for instance band n96 has only two spare NS values left (see Table 2.1-1 above), but more than two NS values are needed. Table 2.1-2 below presents a preliminary overview of additional NS values needed to support new countries such as UK, Morocco, Canada, Brazil, Costa Rica, Colombia, Hong Kong, Australia, New Zealand, Malaysia, Japan, etc. As can be seen from Table 2.1-2, at least 5 new NS values will be needed; but it is anticipated that even more values will be introduced because not all the countries have completed the 6GHz regulations. Last but not least, while Table 2.1-2 presents the preliminary summary for the power class PC5 (+20dBm), a new Rel-18 WI will add support for power class PC3 (+23dBm), which might also add more NS values.
Table 2.1-2: Summary of existing and new NS values for power class PC5.
	Country
	Mode

	
	SP
	LPI
	VLP

	Region 1

	EU/CEPT
	N/A
	NS_58
	NS_y1 (new)

	UK
	N/A
	NS_01
	NS_y2 (new)

	Morocco
	N/A
	NS_01
	NS_y2 (new)

	UAE
	N/A
	NS_01
	N/A

	Saudi Arabia
	N/A
	NS_01
	N/A

	Region 2

	US
	NS_54
	NS_53
	N/A

	Canada
	NS_54
	NS_59
	NS_y3 (new)

	Brazil
	N/A
	NS_53
	NS_y4 (new)

	Peru
	N/A
	NS_53
	N/A

	Chile
	N/A
	NS_53
	NS_y4 (new)

	Costa Rica
	N/A
	NS_01
	NS_y2 (new)

	Colombia
	N/A
	NS_53
	N/A

	Region 3

	South Korea
	N/A
	NS_60
	[NS_61]

	Hong Kong
	N/A
	NS_58
	NS_y1 (new)

	Australia
	N/A
	NS_01
	NS_y5 (new)

	New Zealand
	N/A
	NS_01
	NS_y5 (new)

	Malaysia
	N/A
	NS_01
	NS_y2 (new)

	Japan
	N/A
	NS_01
	NS_y2 (new)


 
Based on that RAN WG4 asked RAN WG2 to extend the range of NS values so that up to 32 different NS values can be supported by the core specifications. As an additional request, RAN WG4 asked whether it would be possible to introduce the corresponding extension from Rel-17.


2.2	Extended NS range
As mentioned earlier, the existing range of NS values in NR is limited to 0..7 as follows from the corresponding ASN.1 encoding defined in TS 38.331.
-- ASN1START
 AdditionalSpectrumEmission ::=      INTEGER (0..7)
-- ASN1STOP

There can exist several ways to extend the range of NS values, but one of the most straightforward solutions is to adopt the same approach, which was already applied to LTE back in Rel-10 when the range of NS values was also extended. The Rel-10 LTE solution to extend NS range is characterised by the following key points:
-	A new IE is added containing the extended range of NS values.
-	The highest value of the existing IE is labelled as "reserved". Its actual purpose is to prevent legacy UEs, which do not comprehend the extended IE, from camping to the cell broadcasting one of the extended values.  

For the sake of further clarity, we copy/paste below the corresponding excerpts from TS 36.331 showing how the NS value was extended for LTE back in Rel-10.
If an extension is signalled using the extended value range (as defined by IE AdditionalSpectrumEmission-v10l0), the corresponding original field, using the value range as defined by IE AdditionalSpectrumEmission i.e. without suffix) shall be set to value 32, if signalled. UE supporting an LTE band assigned NS values larger than 32 as defined in TS 36.101 [42], clause 6.2.4, needs to support extension signaling (as defined by IE AdditionalSpectrumEmission-v10l0).

-- ASN1START
 AdditionalSpectrumEmission ::=      INTEGER (1..32)
 AdditionalSpectrumEmission-v10l0 ::=    INTEGER (33..288)
-- ASN1STOP

Based on that we think similar approach also be followed for NR. The highest value in the legacy IE, which is “7”, can be labelled as reserved. It will be signaled when the IE with the extended NS values is used by the system. And a new IE will contain the extended range of NS values. 
We note that this approach (similar to LTE) explicitly precludes the legacy UEs from camping on the cell unless they implement and support the newer NS values and the impact from this needs to be agreed from RAN4. Moreover, the signaling of reserved value for ‘7’ would also need to be reviewed by RAN4 WG, as they define the UE actions for each NS value.
Therefore we think RAN2 can provide views on how the signalling can be designed and the associated implications, and get confirmation from RAN4 about the direction of this design.
[bookmark: _Toc114779632][bookmark: _Toc114779696][bookmark: _Toc115104308][bookmark: _Toc115104434]Proposal 1a:	Add a new IE to introduce the extended NS range (e.g. 4-bit IE enabling 8..23 extended NS range or 5-bit IE enabling 8..39 extended NS range).
[bookmark: _Toc115104309][bookmark: _Toc115104435]Proposal 1b:	Value "7" in the legacy IE is used as a reserved when the extended IE is signalled by the network. 
Proposal 2:			Get RAN4 confirmation on 1a and 1b. 
RAN WG4 also asks whether it would be possible to introduce the corresponding NS range extension starting from Rel-17. Based on the existing ASN.1 encoding and following the backward compatible way (both functionally as well as from ASN) in which we can add the additional values, our understanding is that extended NS can be added into the Rel-17 version of ASN.1.
[bookmark: _Toc115104436]Proposal 3:	A new IE with the extended NS range is added from Rel-17. 

3	Conclusions
In this contribution we have presented our initial considerations on how it is possible to extend the range of NS values as requested by RAN WG4.

Proposal 1a:	Add a new IE to introduce the extended NS range (e.g. 4-bit IE enabling 8..23 extended NS range or 5-bit IE enabling 8..39 extended NS range).
Proposal 1b:	Value "7" in the legacy IE is used as a reserved when the extended IE is signalled by the network.
Proposal 2:			Get RAN4 confirmation on 1a and 1b. 

Proposal 3:	A new IE with the extended NS range is added from Rel-17.
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