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1	Introduction1
The Rel-18 RAN study item RP-221872 was approved in RAN#96 based on conclusions from RAN#95e and the earlier discussion on band n77 usage in USA and Canada. 
Justification:
	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 it is therefore recommended to engage in a RAN level study item to consider a more generalized solution.



Objectives
	The objectives for this study item include the following
· Investigate and identify the root cause of issues associated with regional frequency allocations, using U.S. and Canadian treatment of n77 as examples, as the first step
· Based on the outcome of the above investigation, provide a general solution or general principles for UE regulatory compliance status issues for regional frequency ranges of large global bands considering:
· Introduction of new bands/band numbers;
· Solutions without introduction of new bands/band numbers, i.e., reusing the existing band numbers with appropriate signaling to differentiate UE regulatory compliance support from 3GPP band definitions;
· The UE should be ensured to support the full frequency range on its supported bands to avoid market fragmentation.



2	Regional frequency allocations
2.1	Origins of the issue with the “band n77 issue”
The issue that spawned this SI was the so-called “n77 sub-band problem”, which is shown in the Figure 1 below: Once 3GPP has defined a frequency band, but only a subset of frequencies is auctioned (or otherwise taken into use) in a country, and then this is later changed. So there may be some UEs that were only tested and certified for part of the spectrum of a given frequency band (the "legacy" spectrum allocation), and later when larger part or the entire frequency band is taken in use, UEs support both the initially allocated and deployed "legacy" spectrum and the "extended" spectrum, which is only taken in use later. Then the question if there is a need to differentiate these different types of UEs.
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Figure 1. Illustration of frequency band usage in different countries over time

This issue originally arose with the band n77, wherein RAN4 first defined band n77 in a way that  restricted the frequency allocation of n77 to a subset of the frequencies in the US, which was then captured in a NOTE in TS38.101-1 (i.e. NOTE 12). However, there were no associated requirements for the restrictions, and once the spectrum situation started changing and the previously unavailable part of the n77 was becoming available in the US, this became a problem. One particular problem discussed in RAN4 was how to resolve  UE verification: Since the legacy UEs (implemented when the US n77 frequency restriction was in place)  would not have been verified in the extended band n77 frequencies, how to ensure operator could only allow those UEs in the cell that had been conformance tested according to latest regulations of n77? 
At the same time, the UEs compliant with the global band n77 would be required to access the full n77 spectrum (i.e. in other countries than US/Canada), so their RF would be capable of the "full" n77 usage. It was left up to UE implementation how those UEs would recognize to behave differently in the US/Canada (presumably this would be done e.g. via MCC of the cells), even if they could have the hardware to support the entire band n77.
To resolve this, 3GPP adopted a solution wherein network can use a specific NS-value was adopted to ensure that legacy UEs would not camp on the extended part: If a UEs does not comprehendthe used NS-value in a cell, they shall bar the cell (according to basic Rel-15 NR functionality). This would allow only those UEs implemented according to the latest specification to camp on the cell. Similarly, a new UE capability was created to indicate the same in handovers in CONNECTED mode. Later on, the same logic was used for the Canada n77 spectrum, where the regulation requires operators to ensure UEs only access those parts of the spectrum where they are allowed to.
Observation 1: The "n77 issue" for US and Canada happened due to  testing and certification issues with the entire frequency band because only part of the band n77 was allowed in US/Canada.
2.2	Support of regional frequency band allocations
The n77 isse arose because of two reasons: First, the definition of the frequency band varied between different countries. Second, the definition of the country differences changed over time, and it was not possible to ensure regulatory requirements were followed. 
Observation 2: If a (future) frequency band has country-specific variations as n77 did, similar certification issues may arise again.
However, the reason why the certification issues appeared was the country-specific definitions: Typically bands introduced in 3GPP are generic, and while each country may use only a specific part of the band, the requirements to support the band are the same for all UEs. That’s why before the n77 discussion, there hadn't been any discussion on similar problems. This may have been partly because  when spectrum requirements vary a lot between some countries, 3GPP typically creates different bands to avoid spectrum fragmentation within the band. But with the explosion in CA/DC band combination work in RAN4, this would have created lot of additional work and so was not preferred by most companies . But had a new frequency band been used, the problem should never have have manifested.
Observation 3: Creating a new frequency band resolves all problems experienced in the n77 discussion.
Thus, we see that the main reason for the n77 issue was to conform to regulatory requirements and have tools at hand to ensure only those UEs camp on the cell that can be ensured to conform to the regulatory requirements
Based on this, we see that the primary mechanism for addressing country-specific frequency allocations should be using different frequency bands.
Proposal 1: New frequency bands should be created in the future if regional frequency allocations would create similar issues as were seen for band n77.
We have also provided a draft TP to 38.893 on this in Annex A.
Proposal 2: Adopt TP in Annex A in the TR 38.893.
3	Conclusion
We have discussed the use of band subsets, with following observations and proposals:
Observation 1: The "n77 issue" for US and Canada happened due to  testing and certification issues with the entire frequency band because only part of the band n77 was allowed in US/Canada.
Observation 2: If a (future) frequency band has country-specific variations as n77 did, similar certification issues may arise again.
Observation 3: Creating a new frequency band resolves all problems experienced in the n77 discussion.
Proposal 1: New frequency bands should be created in the future if regional frequency allocations would create similar issues as were seen for band n77.
Proposal 2: Adopt TP in Annex A in the TR 38.893.

Annex A: TP to 38.893

[bookmark: _Toc112860451]5	Possible solutions

[bookmark: _Toc112860452]5.1	Solution 1: Defining frequency bands for variant bands
Defining a new frequency band avoids any issues with regional changes in frequency allocations for a band. The existing band combination signalling supports different band numbers since Rel-15, and a cell broadcasting band number that UE doesn’t support would avoid UEs that do not support the band from camping in the cell. 
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