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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 Rel-16 and Rel-17 WI [2], RAN#96 meeting approved a new WI [3] with the main motivation of enabling LPI and VLP in countries not covered by previous efforts.
During the RAN4#104 meeting an issue was raised that existing range of NS values could be insufficient to cover all LPI and VLP regulations for the 6GHz band. As explained in the corresponding discussion paper [4], while the existing NS range can encode 8 different values (0..7), most likely more than 8 values will be needed. Based on that RAN WG4 sent an LS to RAN WG2 asking whether it would be possible to extend the NS range [5]. As per received response from RAN WG2 [6] (see Annex A for the complete response), there is a backward compatible solution, which on the one hand can work with the legacy UEs at the same time providing a possibility to signal more than 8 values. In addition to that, RAN WG2 asked several more questions on the need for this extension for earlier releases and whether it is meant only for the shared access spectrum bands.   
In this discussion paper we present a more detailed overview of the solution proposed by RAN WG2 and provide further technical input to the questions from the LS.  
2	Extended range of NS values
2.1	General approach
As follows from the RAN WG2 response, the general approach for extending the range of NS values is identical to how the NS values were extended for LTE back in Rel-10. The main idea is that a new "extended" IE will be introduced that will convey extended NS values. Since the "extended" IE is signalled separately, new UEs will be able to receive and process it, while the legacy UEs will be acting only on the legacy IE encoding legacy 0..7 values. To avoid correct functioning of the legacy UEs when an "extended" IE is signalled, RAN WG2 suggests using the highest value "7" as “RESERVED”. The rationale behind it as that if the network signals one of the NS values from the extended range in the corresponding extended IE, legacy UEs should be somehow informed about it because they cannot process and decode the extended IE. Thus, the highest value "7" is used as an implicit indicator that some NS value is present in the extended space. And the legacy UEs do not need to know which extended NS value it is – they will just receive value "7" and will act on it as unsupported NS value.
In the context of this approach RAN WG2 asks whether the highest value "7" can be used for this purpose, i.e. that this value is not used for any existing band. Based on the latest version of TS 38.101-1 (refer to Table 6.2.3.1-1A and 6.2F.3.1-1A), the highest value "7" is free for all bands and thus can be labelled as "RESERVED" for the purpose of extending the NS value range.  
[bookmark: _Toc118378125][bookmark: _Toc118464553]Proposal 1:	Inform RAN WG2 that the highest NS value "7" is free for all bands and thus can be labelled as "RESERVED".
    
2.2	3GPP release related aspects
In the original LS sent to RAN WG2, RAN WG4 asked whether NS values can be extended starting from earlier releases. The main rationale for that question was that while this WI is for Rel-18, band n96 was added back in Rel-16 and the extended NS range should be ideally applied starting from the releases when the corresponding band was added. Otherwise, a device implementing Rel-16 band n96 will not be able to receive and act upon extended NS values. The same argument applies to other unlicensed bands such as n102. 
RAN WG2 responded that it is possible to make NS range extension from earlier releases, but at the same time questioned the necessity of this change and whether this change is needed only for the unlicensed bands or all bands. The main concern from RAN WG2 perspective is that if the corresponding extension is introduced to earlier releases and is applied to all bands, that will implicitly impact legacy devices.
To limit potential impact to the legacy devices implementing legacy licensed bands, it would be possible to indicate to RAN WG2 that extended NS values are applicable only to unlicensed bands in earlier releases. And starting from Rel-18 this extension is applicable to all bands. Even though there is no need now to apply the NS range extension to the licensed bands, we can follow the same principle for all bands to be forward compatible for all band types if they need more than 7 different NS values.      
[bookmark: _Toc118378126][bookmark: _Toc118464554]Proposal 2a:	Inform RAN WG2 that extended NS values can be applicable only to the unlicensed bands (n46/n96/n102) in earlier releases.
[bookmark: _Toc118378127][bookmark: _Toc118464555]Proposal 2b:	Inform RAN WG2 that extended NS values should be ideally applied to the unlicensed bands starting from Rel-16 (i.e. when the first unlicensed bands were added).
[bookmark: _Toc118464556]Proposal 2c:	Inform RAN WG2 that extended NS values can be applicable to all bands starting from Rel-18.

3	Conclusions
In this contribution we have presented our further considerations on the extended range of NS values. As a summary of our paper, the proposed solution from RAN WG2 (in fact same solution as what Rel-10 LTE had) can work because NS value "7" is free for all bands and thus can be labelled as "RESERVED". As for the potential starting release, our understanding is that at least in earlier releases this extension can be explicitly limited to the unlicensed bands thus eliminating potential impact to the legacy bands and legacy UEs. 
Proposal 1:	Inform RAN WG2 that the highest NS value "7" is free for all bands and thus can be labelled as "RESERVED".
Proposal 2a:	Inform RAN WG2 that extended NS values can be applicable only to the unlicensed bands (n46/n96/n102) in earlier releases.
Proposal 2b:	Inform RAN WG2 that extended NS values should be ideally applied to the unlicensed bands starting from Rel-16 (i.e. when the first unlicensed bands were added).
Proposal 2c:	Inform RAN WG2 that extended NS values can be applicable to all bands starting from Rel-18.
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Attachments:	


1. Overall Description:
RAN2 would like to inform RAN4 on the progress RAN2 has made regarding the LS on extending AdditionalSpectrumEmission values beyond 7 to allow for more NS values per frequency band. 
Extending the AdditionalSpectrumEmission value range beyond 7 should be possible and RAN2 is considering a solution along the below lines:
-	Extended AdditionalSpectrumEmission values can be signaled using extension IE and the value ‘7’ from the existing AdditionalSpectrumEmission range can be considered as reserved (to indicate that extended AdditionalSpectrumEmission values are signaled in the extension IE). 
-	The extended range of AdditionalSpectrumEmission values will be signaled with a 5-bit extension IE.
-	Extended AdditionalSpectrumEmission values can be signaled in broadcast (SIB1) and UE dedicated messages.

RAN2 would like to inform RAN4 that with the approach of using ‘7’ as reserved value, there would be backward compatibility issue if the AdditionalSpectrumEmission value ‘7’ is used for certain NS value (i.e., not kept as reserved) in releases earlier than the release where the extended NS values is introduced. RAN2 requests RAN4 to provide feedback if there are concerns with this approach.  
On the Support from Rel-17, RAN2 concluded that it is technically feasible, but a number of companies in RAN2 have asked about RAN4 reasons/intentions for introducing this from Rel-17. In principle, band-specific extension using extension IE could be added to any release ASN.1, but RAN2 feels that the impact on legacy UE when introducing a new signaling needs to be assessed as well.
RAN2 would also like to ask RAN4 if the intention on extending the NS values is only for unlicensed bands or in general. For example, if RAN4 confirms that the extended NS values are only for unlicensed bands, RAN2 can add an explicit restriction that the extended NS-value signalling is only allowed to be used in unlicensed bands, or is there any concern from RAN4 on this (for eg., considering the possibility of extending this in the future to general bands)?”


2. Actions:
To RAN WG4 group.
ACTION: 	RAN WG2 asks RAN WG4 to take the response into account and provide further clarifications/feedback on the above questions.

3. Date of Next RAN WG2 Meetings:
TSG RAN2 WG RAN2-120	14th-18th Nov 2022 Toulouse France
TSG RAN2 WG RAN2-121	27th Feb – 3rd Mar 2023 Athens Greece
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Apple Inc.
