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[bookmark: foreword][bookmark: _Toc112924156]Foreword
[bookmark: spectype3]This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).
The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:
Version x.y.z
where:
x	the first digit:
1	presented to TSG for information;
2	presented to TSG for approval;
3	or greater indicates TSG approved document under change control.
y	the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.
z	the third digit is incremented when editorial only changes have been incorporated in the document.
In the present document, modal verbs have the following meanings:
shall	indicates a mandatory requirement to do something
shall not	indicates an interdiction (prohibition) to do something
The constructions "shall" and "shall not" are confined to the context of normative provisions, and do not appear in Technical Reports.
The constructions "must" and "must not" are not used as substitutes for "shall" and "shall not". Their use is avoided insofar as possible, and they are not used in a normative context except in a direct citation from an external, referenced, non-3GPP document, or so as to maintain continuity of style when extending or modifying the provisions of such a referenced document.
should	indicates a recommendation to do something
should not	indicates a recommendation not to do something
may	indicates permission to do something
need not	indicates permission not to do something
The construction "may not" is ambiguous and is not used in normative elements. The unambiguous constructions "might not" or "shall not" are used instead, depending upon the meaning intended.
can	indicates that something is possible
cannot	indicates that something is impossible
The constructions "can" and "cannot" are not substitutes for "may" and "need not".
will	indicates that something is certain or expected to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
will not	indicates that something is certain or expected not to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
might	indicates a likelihood that something will happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
might not	indicates a likelihood that something will not happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
In addition:
is	(or any other verb in the indicative mood) indicates a statement of fact
is not	(or any other negative verb in the indicative mood) indicates a statement of fact
The constructions "is" and "is not" do not indicate requirements.
[bookmark: introduction][bookmark: _Toc112924157]Introduction
3GPP defines specifications that are applicable worldwide including the definition of NR frequency bands across both FR-1 and FR-2 frequency ranges.  In general, 3GPP seeks to enable economies of scale and commonality of bands across multiple countries and regions around the globe.  This can lead to bands with very wide bandwidth to be able to capture the frequency ranges within this band that might be available within different countries.  Hence, the band definitions are not necessarily tailored to the frequency ranges available in any one country but may be broad enough to enable applicability across many countries.  In addition, mechanisms such as NS signaling have been introduced in RAN4 specifications to enable the network to indicate additional or unique country or deployment-specific requirements on top of the general requirements associated with the band.   
In order for a UE to declare support of a band, it must support the entire band including all of the general requirements as well as all NS requirements specified for this band.  Consequently, the UE is able to operate on the band in any country where this band or portion thereof is deployed while also meeting any country specific requirements or regulations that may be applicable.  However, it has been observed recently that there are situations where the UE can only operate on one or more subsets of the band within a particular country.  This was reported for Band n77 first in the US and then again in Canada.  In both of these cases, Band n77 was defined as a very wide band with global applicability, but the regulators in the US and in Canada only made available portions of the band for mobile usage.  Moreover, different portions of the band were made available at different times, so there was the possibility that UE’s might support one or more-than-one subset of the band depending on when the UE was designed, manufactured, and/or certified with respect to the timing of spectrum release and regulations in the country.  To be clear, to meet 3GPP requirements, the UE must support the entire band.  However, the situation describe above pertains to regulatory compliance rather than compliance to 3GPP requirements.  If the UE is not certified by a country’s regulator to operate on a certain part of the band, irrespective of what is specified in 3GPP, the UE is not allowed to operate on that part of the band in the country.
Specific solutions were identified and specified for Band n77 to resolve the issues related to spectrum subsets in the US and Canada.  However, it is anticipated that issues such as this may become more commonplace and therefore a RAN level study item to consider a more generalized solution was agreed.  This technical report captures the contents of the study item.
[bookmark: scope][bookmark: _Toc112924158]
1	Scope
[bookmark: references]The present document captures the study on UE support of regionally-defined subsets of an NR band.  In accordance with 3GPP specifications, a UE is required to support the entire frequency range of a band as defined by [2], [3], or [4].  However, it was found that for some bands, there may be regional regulatory restrictions to this frequency range in some countries.  The scope of this study is to investigate the root causes that may require 3GPP specification changes to accommodate as well as to consider possible general solutions if needed.
[bookmark: _Toc112924159]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	3GPP TS 38.101-1: User Equipment (UE) radio transmission and reception; Part 1: Range 1 Standalone
[3]	3GPP TS 38.101-2: User Equipment (UE) radio transmission and reception; Part 2: Range 2 Standalone
[4]	3GPP TS 38.101-5: User Equipment (UE) radio transmission and reception; Part 5: Satellite access Radio Frequency (RF) and performance requirements
…
[x]	<doctype> <#>[ ([up to and including]{yyyy[-mm]|V<a[.b[.c]]>}[onwards])]: "<Title>".
[bookmark: definitions][bookmark: _Toc112924160]3	Definitions of terms, symbols and abbreviations
[bookmark: _Toc112924161]3.1	Terms
For the purposes of the present document, the terms given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].
example: text used to clarify abstract rules by applying them literally.
[bookmark: _Toc112924162]3.2	Symbols
For the purposes of the present document, the following symbols apply:
<symbol>	<Explanation>

[bookmark: _Toc112924163]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].
<ABBREVIATION>	<Expansion>

[bookmark: clause4][bookmark: _Toc112924164]4	Root cause
The first step of this study item is to identify root causes using Band n77 in the US and Canada as an example.
The regulatory bodies of some countries limit device certification to the designated spectrum and limit operation of certified devices to that designated spectrum.  This has not created issues for 3GPP because usually there were regulations for an entire band when spectrum was licensed and because regional spectrum allocations seldom change. The introduction of very wide bands, e.g., 900 MHz wide NR band n77, created a situation where regulations existed for only part of the band in some countries. For example, in the United States, initially 3700-3980 MHz was available for mobile services, auctioned in December 2020, but other parts of n77 were not available at that time. In order to be able to certify devices, Note 12 was added to 38.101-1 Table 5.2-1, which read:
NOTE 12:	In the USA this band is restricted to 3700 – 3980 MHz.
The problem with this solution was that there was no plan to handle the situation where additional spectrum in n77 would become available for licensing. Later, when 3450-3550 MHz became available to be auctioned in October 2021, assignment of a new 3GPP band for the 3450-3550 MHz frequency range was considered, but it was decided in 3GPP that re-use of n77 was a more expedient course for incorporating the additional US allocation. The note was therefore modified as follows:
NOTE 12:	In the USA this band is restricted to 3450 – 3550 MHz and 3700 – 3980 MHz. 
But this led to a situation where early US FCC certified devices would only operate on 3700-3980 MHz and not on 3450-3550 MHz. Roaming UEs not certified for 3450-3550 MHz in the US might attempt to access that part of the band, but such UE behaviour was not specified so concerns were raised that the gNBs needed to know if the UE was allowed to operate in that part of the band for handovers and CA configuration. To inform the gNB if the UE supported 3450-3550 MHz in the US, a new UE capability was introduced: extendedBand-n77-r16. However, concerns were also raised that a roaming UE that did not indicate extendedBand-n77-r16 might attempt to access 3450-3550 MHz, causing confusion and potentially negative consequences. To prevent a UE that does not indicate extendedBand-n77-r16 from accessing 3450-3550 MHz in the US, a new NS value (NS_55) was created. Where normally NS values indicate additional emissions requirements for a band, in this case NS_55 is used to bar UEs that do not support extendedBand-n77-r16 from accessing 3450-3550 MHz in the US. 
There is a similar situation in Canada, where the initial licensed spectrum was 3450-3650 MHz was auctioned in June 2021 and then 3650-3980 MHz is expected to be auctioned in Early 2023. 
It should be noted that while the UE only supports a part of the band in certain countries, e.g., the US and Canada in the above examples, the UE still shall support the entire band when roaming to other countries to be compliant with 3GPP requirements. 
The root cause of the issue requiring UE band subset support is summarized by the combination of the factors listed below
1. A regional regulator makes an initial frequency allocation of portions/subsets of the 3GPP band, i.e., not including the entire band
2. The region requires UE certification for all UEs operating within the borders of the region.
3. The regional certification only applies to the frequency allocation at the time of certification.
4. The UE must confine its operation to the frequency band for which it was certified.
5. The regional regulator subsequently allocates other portions/subsets of the band [and/or regulations change within the existing sub-bands]. 
6. Newer UEs are certified for both the original allocation and subsequent allocations.

This combination of factors leads to different UEs supporting different subsets of the band. The network needs to be able to distinguish between these different UEs to enable efficient handover and SCell/PsCell activation.
5	Other Issues
5.1	Roaming UEs
In some countries it is neither the operator nor the base station that takes responsibility for the UE meeting regulations.  In the USA UE vendors can only allow their devices to operate in parts of the band where there are FCC regulations at the time of device certification. 
UE vendors may choose to pursue certification for some countries but not others. In view of the regional regulatory differences described above, we recognize that there may be ambiguity with regards to exactly which regulatory requirements are supported in any given UE implementation.   It is important to understand how this ambiguity could affect regulatory compliance when UEs roam in countries in which they are not certified. Two scenarios are identified for clarification for feasibility of roaming:
The first scenario is if a UE is certified to operate only in part of a band (e.g. band n77 cases UE in Canada/US).  In this scenario, the UE is only allowed to operate within the subset of the band for which it is certified in the country where this certification is necessary.  Because the UE in addition to the above regulatory certification is also compliant to 3GPP requirements (e.g., for Band n77), it is required that the UE can support the entire band.  Therefore, this UE when roaming to a country which does not have any regional regulatory requirements shall be able to operate on the entirety of the band.  If this country does have regional requirements, the UE shall abide by them to operate in this country.  
The second scenario is if a UE can support the frequency range of a band based on the 3GPP requirements but not certified for additional regional requirements in a subset of the band in a certain foreign country. This aspect has to be evaluated for each country based on prevailing regulation.  Whether the roaming UE is allowed to operate without certification from the country’s regulator is subject to each country’s laws.
[bookmark: _Toc112924165]65	Possible solutions
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