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1	Introduction
RAN has started a study item to identify a generic solution which should be applied to n77-like with these objectives:

	4.1	Objective of SI or Core part WI or Testing part WI
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.




[bookmark: _Ref178064866]2	Discussion
2.1	Root cause
[bookmark: _Hlk112942965]Band n77 was specified by 3GPP in Rel-15 and is defined in the frequency range 3300-4200 MHz. For operations in the US, the FCC initially defined regional requirements for the sub-range 3700 - 3980 MHz besides the CBRS band. Later the FCC made additional spectrum available in the n77 range and defined requirements for an additional sub-range within n77 to cover 3450 - 3550 MHz.
This extension caused a compatibility issue. A UE which was put on the market in the USA before the sub-range 3450-3550 MHz was made available would declare that it supported n77, but it was shown that some of those UEs only supported the sub-range 3700 - 3980 MHz when operated in the US. UEs produced later would instead support both 3450 - 3550 MHz and 3700 - 3980 MHz while still indicating support for n77. A gNB would then not know if the UE was a UE supporting only 3700 - 3980 MHz, or a new UE supporting both 3450 - 3550 MHz and 3700 - 3980 MHz.
The flow of events was similar in Canada where the ISED initially made the sub-range 3450-3650 MHz available and later extended with the 3650-3980 MHz range.
The problem we have faced with n77 is therefore due to that some UEs declare that they support the 3GPP definition of the band (e.g., n77) but they are not certified for the whole 3GPP-defined range of that band considering regional requirements and hence should only operate in the range they are certified for.
2.2	General solution
When the n77 issue was brought up in 3GPP, RAN2 and RAN4 discussed different alternatives for how to ensure that both those old UEs which were only supporting a part of n77 and new UEs supporting a larger part could both operate in the band. Two main approaches were discussed, a new band number-approach and an approach with a capability bit and an associated NS-value. We describe them below.
We see that there are two main requirements for solutions to this problem:
A. A UE which is not certified for the use of the extended range(s) shall not connect to cells in the extended range.
B. The gNB needs to know if a UE supports operation in the extended range, e.g., to avoid handover or configuring SCells in the extended range.

Note, we assume that a UE supporting the extended range (e.g. the DoD-band in USA) must also support the non-extended range (i.e. the C-band).
2.2.1	New band number
It was proposed in R4-2112822 that if a new band-number is assigned to the new range, the issue will be addressed. Note this solution does not mean that a new band is introduced, just that a new band number is defined.
With the new band number approach, RAN4 would define the new band number in their band tables by referring to the original band number (e.g., as an equivalent band of the original band) and with the supported sub-range(s) listed. In 3GPP terms, this equivalent band would be identical to the old band, just that, in the affected region, the equivalent band (number) would cover the local regulatory requirements of the new sub band not covered by conventional NS signalling (indicating unwanted emission limits). Comparing to n77 in USA, if 3GPP would have applied the new band approach in this scenario, a legacy UE only supporting the old range of n77 would indicate support for the legacy definition of n77 (e.g. 3700 - 3980 MHz in USA). A UE which supports (is certified) also the new range would, in addition to n77, also indicate support for the new band number. A cell in the old region of the band would broadcast the old band number (n77) while a cell in the new region of the band would broadcast the new band number.
[bookmark: _Toc120883717]With the new band number approach, RAN4 specifies that the new band number has the same 3GPP requirements as the band with local restrictions, with the difference that the frequency range of the new band covers the new sub band(s).
The equivalent band does not replace conventional NS signalling but provides means for indicating additional conditions in local regulation such as mandatory device certification. 
It was identified in RAN2 that with the new band number-approach, in addition to that the UE would indicate this new band number in UE-NR-Capability -> RF-Parameters -> supportedBandList, the UE band combinations would also be impacted. The band combinations are used to indicate CA and DC capabilities. If for example the UE supports Carrier Aggregation between band n77 and band X, the UE would in the band combination-signalling indicate a band combination entry comprising band n77 and another band X. If a new equivalent band (number) would be introduced to indicate support for an extended version of n77, it was initially thought that the UE would have to send a lot of more band combinations because the UE would have to indicate a band combination of the extended version of n77 and band X. This would (significantly) increase UE capability signalling overhead. This issue was discussed in RAN2, and it was identified that with the new band number approach, it could be clarified in the specification that the UE does not include band combinations with the new band number, instead the UE only indicates band combinations with the original band. The new band is only indicated as a supported band (UE-NR-Capability -> RF-Parameters -> supportedBandList), but not included in band combination signalling.
[bookmark: _Toc120883718]With the new band number approach, the UE does not indicate band combinations with the new band number.

The gNB would, for cells in the new range, broadcast the new band number. A legacy UE does not support the new band number and would therefore not camp on and would not attempt to connect to such a cell (requirement A is fulfilled). Also, the gNB knows from the supported band list that the UE does not support the new frequency range since it does not indicate support for the new band number (requirement B is fulfilled).

2.2.2	Capability bit and NS value
One approach for addressing n77-like issues is the approach that was adopted for n77 in USA and Canada. This solution relies on a capability bit and an associated NS-value.
With this approach, a new capability bit is added. For USA and Canada, these were named extendedBand-n77 and extendedBand-n77-2, respectively. A UE supporting the new range will include this capability bit in the capabilities (hence fulfilling requirement B).
However, to address requirement A, a UE not supporting the requirements of the new subband(s) shall not camp on or connects to a cell in the new sub band. This is achieved by introducing a new NS value. NS values work so that the gNB broadcasts one or more NS values for a cell and if the UE supports at least one of these broadcasted NS values, the UE considers this cell a candidate cell, otherwise the cell is considered barred. For USA and Canada, NS 55 and NS 57 were introduced.
It should be noted that the purpose of NS values is to indicate that additional requirements apply for a cell. For example, that RAN4 has defined some additional maximum power reduction requirements which the UE must comply with to use the cell. However, in this solution, the NS values are used as a means to bar UEs rather than to indicate that additional RAN4 requirements apply.
[bookmark: _Toc120883719]With the approach with a capability bit and NS value, RAN2 introduces a new UE capability indicating that the UE support the additional sub band(s) of a band. RAN4 defines a new NS value which is used to bar UEs not supporting the additional sub band(s).


2.2.3	Comparison
The new band number approach relies on existing procedures in the gNB and the UE. RAN4 would define a new band number which points to the original band. RAN2 impact will be next to nothing. As described above, there is an impact on how supported band combinations should be signalled with these new band numbers, however, we expect that a general description regarding how band combination signalling should be done for these type of new band numbers meaning that RAN2 will do this one time and does not need to do further work if this approach is used again.
The approach with a new capability bit and associated NS value requires work both in RAN2 and RAN4 each time. The NS value signalling with this approach is not aligned with the intention of NS values: NS values are used to indicate that additional requirements apply for a cell in a band. However, in this solution, the NS values are used only for barring UEs not indicating support for the capability bit.
While both solutions work, we think that the new band number approach is more appropriate.
[bookmark: _Toc120883720]The new band number approach is recommended to address potential n77-like issues in the future.

3	Conclusion
In the sections above we have discussed the root cause for the n77-like issues and discussed the solutions that has been identified for these types of issues. We are proposing that RAN should recommend that the solution based on a new band number should be defined.

In the previous sections we made the following observations: 
Observation 1	With the new band number approach, RAN4 specifies that the new band number has the same 3GPP requirements as the band with local restrictions, with the difference that the frequency range of the new band covers the new sub band(s).
Observation 2	With the new band number approach, the UE does not indicate band combinations with the new band number.
Observation 3	With the approach with a capability bit and NS value, RAN2 introduces a new UE capability indicating that the UE support the additional sub band(s) of a band. RAN4 defines a new NS value which is used to bar UEs not supporting the additional sub band(s).


Based on the discussion in the previous sections we propose the following:
Proposal 1	The new band number approach is recommended to address potential n77-like issues in the future.
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