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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], 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. During the RAN4#105 meeting, RAN WG4 sent further clarifications to RAN WG2 [7] indicating that: 
-	All existing NR bands (both licensed and unlicensed) have less than 7 different NS values. Thus, it is possible to label the highest value "7" as RESERVED for the purpose of introduction of the extended NS range.
-	Since the first unlicensed NR bands were introduced in Rel-16, it would be preferrable to introduce the extended NS range starting from Rel-16. Otherwise Rel-16 UEs implementing the NR-U functionality will not be able to support regulatory requirements from some countries. 
-	To limit potential impact to legacy device and licensed bands, it is possible to consider a clarification that the extended NS range is applicable only to the unlicensed bands for earlier releases.
-	For now, RAN WG4 has not identified a need to have the extended NS range for the licensed bands. For the sake of future flexibility RAN WG4 would like to keep the possibility open to enable the extension IE to licensed bands in a later release.  
In this discussion paper we present a more specific overview of which specification changes RAN WG4 will have to make to enable the corresponding extension of the NS range.  
2	Extended range of NS values
2.1	General approach
As explaned in 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 ensure 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 also asked 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. Furthermore, since RAN WG4 has indicated the preference of being able, if needed, to apply the same extension mechanism also to the licensed bands, it is suggested to label the highest NS values "7" as RESERVED for all existing NS values.  
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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 release 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 defined in later releases. 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. Furthermore, RAN WG4 reiterated the point that the corresponding extension of the NS values is preferrable from Rel-16.
One of the technical issues related to enabling the NS extension in the earlier releases is how to deal with a potential scenario when there is a Rel-16 UE that may or may not implement NR-U NS flags defined in Rel-17 and Rel-18. On the one hand, if the extended NS range is enabled starting from Rel-16, then there is nothing that prevents a Rel-16 UE to process the extended NS flags and act upon them. On the other hand, there could be Rel-16 devices implementing NR-U, which by the time when they are released to the market do not fully support all NS flags defined in e.g. Rel-18 or even later releases. The situation could be even more tangled – a Rel-16 NR-U device may support Rel-17 NS flags, but not Rel-18 ones. Table 2.2-1 below summarises which NS flags have been added in Rel-16 and Rel-17, and which new flags are being considered for Rel-18. Since the Rel-18 specification work is not over, there can be a Rel-16 NR-U devices that can support Rel-16 and Rel-17 flags, but not Rel-18 ones. Otherwise, if the network does not know which NS flags are supported by the UE, then a UE implementing e.g. Rel-17 band n102, but not the Rel-18 flags, will reject the RRC message configuring the secondary cell on the shared access spectrum band. 
Table 2.2-1: Summary of the shared access spectrum bands with associated NS flags.

	Band
	Rel-16
	Rel-17
	Rel-18

	n96
	NS_53, NS_54
	NS_59, NS_60, NS_61
	NS_y3, NS_y4

	n102
	
	NS_58
	NS_y1, NS_y2, NS_y5




The most straightforward approach to enable the corresponding signalling is to consider modifiedMPR-Behaviour field that can indicate which NS flags are supported. In fact, some bands already use this field to indicate which NS flags are supported by the UE.        
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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". And since RAN WG4 indicated the preference to enable, when and if needed, the same approach also for the licensed bands, the highest NS value of all NS values can be already labelled as RESERVED. 
In addition to it, we suggest discussing whether we need to introduce the corresponding values in modifiedMPR-Behaviour field so that UEs implementing the earlier 3GPP release can indicate support of NR-U flags defined in later releases.
Proposal 1:	Label the highest NS value "7" as "RESERVED" for all existing NS values.
Proposal 2a:	As a baseline approach, a UE will support (at least) those NR-U NS flags that are defined in the corresponding release supported by the UE.
Proposal 2b:	Consider defining the corresponding values in modifiedMPR-Behaviour field to indicate that an earlier release UE supports band n96/n102 NS flags defined in later releases.
Proposal 2c:	Discuss further whether we need separate values in modifiedMPR-Behaviour field to indicate separately support of the NS flags introduced in Rel-17 and Rel-18.
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