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1	Introduction
At RAN#92 the band n77 usage in the US was discussed [1], and it was agreed that 
· RAN4 should focus “…on the necessary updates to RAN4 requirements and leave signaling work, if any, to RAN2.”
· RAN2 should study “…signaling aspects, with an aim to ensure the network can properly deal with legacy n77 UEs that do not support 3.45-3.55 GHz operation in US”.

This topic has earlier been discussed in RAN4, see e.g.  [2].
In this document we discuss potential solutions from both RAN2 and RAN4 viewpoints and propose a way forward. 
This document is submitted to both RAN2#115-e and RAN4#100-e.
[bookmark: _Ref178064866]2	Discussion
2.1	Band n77 in the US
The topic is related to n77-capable UEs that are FCC certified for use in the ‘C-band’ 3700-3980 MHz but not certified for operation in the ‘DoD band’ 3450-3550 MHz recently made available by the FCC. These ‘legacy’ UEs may be limited to the C-band when operated in the US (e.g. with a US MCC) since illegal in the 3450-3550 MHz range.
UEs marketed or imported to the US (sold and distributed) are subject to FCC certification. 
The radio requirements that must be met by a n77 device operating in 3450-3550 MHz and 3700-3980 MHz in the US:
-- FCC Part 27.50, the UE EIRP is limited to 1 W, not verified by the 3GPP specifications
-- FCC Part 27.51 (presumably) only for UEs subject to FCC certification
-- FCC Part 27.53, unwanted emissions, this is met by a n77 3GPP-compliant UE (the FCC intentionally made this possible)
These rules are part of FCC certification. The unwanted emissions in 27.53 are also part of 3GPP specifications. The outstanding from a coexistence perspective is the EIRP requirement in Part 27.50, but this is not covered by 3GPP for the existing 3700-3980 MHz either.
We assume that n77-capable UEs not subject to FCC certification, denoted ‘foreign’ UEs, can roam in US networks without restriction to the C-band. For coexistence with other services, these UEs meet the unwanted emissions requirements in Part 27.53 since 3GPP compliant, but not necessarily the requirements of Part 27.50.

Currently, band n77 (3300 – 4200 MHz) is in US restricted to the upper part 3700 – 3980 MHz. There is this note in TS 38.101-1, Table 5.2-1: NR operating bands in FR1:
NOTE 12: In the USA this band is restricted to 3700 – 3980 MHz.

Existing n77 US UEs are software restricted to only support and access this upper part of n77 when in the US (based on MCC in PLMN identity). Existing “foreign” n77 UEs does not have this software restriction and cannot with existing capability signalling be distinguished from the software restricted n77 US UE.
The lower part 3450 – 3550 MHz of n77 is in the process of being opened in the US. The problem to solve is to ensure that the network can prevent allocation of radio resources from this part of the band for existing n77 US UEs (that are software restricted to not support 3450 – 3550 MHz).
2.2	Potential solutions
In this section we discuss potential signalling solutions and their pros and cons.
Solution 1.	Introduce new per-UE capability bit to indicate that UE supports of n77 lower part 3450 – 3550 MHz
This new UE capability bit should be set by n77 US UEs to indicate support of n77 lower part 3450 – 3550 MHz.
For n77 UEs that set this capability, a US network will allocate resources from the n77 lower part 3450 – 3550 MHz (at initial access as well as handover, and PScell/Scell establishment). 
A new per-UE capability bit should be introduced both in NR and EUTRA.
In NR, the capability bit ensures that the network configure the following only  with a supporting UE:
· Measurements on frequency in DoD Band
· Redirect / handover / Scell establishment (NR CA) /PSCell establishment (EN-DC) with cell on DoD band

In LTE, the capability bit ensures that the network configure measurements on DoD band only with a supporting UE. Our understanding is that existing US n77 (C-band) UEs will accept measurement configuration on DoD band, but not execute any measurements and not provide measurements reports. We prefer that the network is aware that the reason for omitted measurements reports is coverage related and not because DoD is not supported by the UE.
[bookmark: _Hlk78961183]A problem with this solution is that “foreign” n77 UEs (that support the complete n77 range) will camp and access cells on the n77 lower part 3450 – 3550 MHz. But the network will not be able to allocate resource to the UE in the n77 lower part 3450 – 3550 MHz based on a UE capability, and existing mechanisms for handover/CA/DC cannot be used. If this cell is the only cell that provides coverage to the UE, releasing the UE will lead to that UE comes back to same cell. 
The capability bit may also be set by n77 foreign UE, if permitted to access the n77 lower part 3450 – 3550 MHz.
The capability bit could be defined as
n77operationUS-MCC
Indicates that the UE is capable of operating in n77 3450-3550 MHz and 3700-3980 MHz in a network with a US MCC, without restrictions imposed by local regulation (FCC). If absent the network assumes that the UE might be restricted to operation in 3700-3980 MHz in a network with a US MCC.
If the bit is absent and the UE turns up in 3450-3550 MHz cell, it must be a roaming existing foreign UE or a US UE that is not software-restricted to 3700-3980 MHz. If the latter is not FCC certified for 3450-3550 it is illegal (not allowed to operate in 3450-3550 MHz). We should avoid referring to “equipment authorization” in the field description but refer to “local regulation” (as above).

Solution 2.	Introduce a new band nXX
This new band nXX should cover the same range and have the same RAN4 requirements (including CA band combinations) as the existing band n77. There is already a similar case with bands n41 and n90, see TS 38.101-1.
The new band nXX should be restricted to be used only in the US, and (similar to n77) be restricted to the 3700 – 3980 MHz and the 3450 – 3550 MHz subparts.
Support of this new band nXX shall be indicated by US UE that support both the upper part 3700 – 3980 MHz and the 3450 – 3550 MHz of n77, and this UE shall also indicate support of n77 (for backwards compatibility). Also, a foreign n77 UE may indicate support of the new band nXX, if permitted to access the 3450 – 3550 MHz of n77 in US.
A cell in the upper part 3700 – 3980 MHz (C-band) should in SIB1 (frequencyBandList) indicate band n77 (nXX UE also supports n77 
A cell in the 3450 – 3550 MHz part (DoD) should in SIB1 (frequencyBandList) indicate band nXX (not n77), to prevent “foreign” n77 UEs (that do not support nXX) from camping and access the cell (and hence avoid the problem with Solution 1).
Introduction of a new band nXX have no RAN2 specification impacts.
Solution 3.	Use bit in modifiedMPR-Behaviour to indicate UE supports n77 lower part 3450 – 3550 MHz
Using a bit in the existing UE capability modifiedMPR-Behaviour bitmap for n77 (see 38.101, Appendix L.1) has also been proposed in RAN4 as a solution to convey the UE capability discussed in Solution 1. We do not recommend this, since this is not the intended use of the field/bitmap. We should never interpret entirely independent aspects into an existing capability bit. Furthermore, the modifiedMPR-Behaviour bitmap for n77 is not available to the eNB.
Furthermore, a new NS value for n77 (additionalSpectrumEmission in SIB1) could be used to prevent “foreign” n77 UE to camp and access the n77 lower part 3450 – 3550 MHz (the problem described with Solution 1). But also in this case, such usage would deviate from the original intention, and should not be used. should not be used. An NS value would have to be supported (since mandatory) by all new devices supporting n77 even if the device is not subject to FCC certification or intended for use in the US.
2.3	Recommendation of solution
In the previous section, we discussed some solutions to ensure that the network can properly deal with legacy n77 UEs that do not support 3.45-3.55 GHz operation in US.
We recommend that Solution 2 (introduction of new band nXX) is adopted, this is a clean solution (no impacts on RAN2 specifications) that cover all aspects. The other solutions have issues, as discussed in the previous section.
[bookmark: _Toc78978502]Introduce a new band nXX to be used in the US to cover the same range and have the same RAN4 requirements (including CA band combinations) as the existing band n77, but restricted to the 3700 – 3980 MHz and the 3450 – 3550 MHz subparts.
A UE that indicates support of nXX shall also indicate support of n77.

If Solution 2 cannot be agreed, Solution 1 (new per-UE capability bits) is recommended but cannot prevent foreign n77 UEs (that do not set the new capability bits) from camping on and accessing DoD cell. 
[bookmark: _Toc78978503]If Proposal 1 cannot be agreed, Solution 1 (new per-UE capability bits) is recommended.
Solution 3 (Use bit in modifiedMPR-Behaviour) could be a possible alternative solution, but we do not recommend this.Introduction of new n77 NS value to prevent UE camping on DoD cell shall be avoided.
[bookmark: _Toc78978504]Solution 3 (Use bit in modifiedMPR-Behaviour) is not recommended.
[bookmark: _Toc78978505]Introduction of new n77 NS value to prevent non-supporting UE from camping/accessing on DoD cell shall not be pursued.
Conclusion
 Based on the discussion in the previous sections we propose the following:
Proposal 1	Introduce a new band nXX to be used in the US to cover the same range and have the same RAN4 requirements (including CA band combinations) as the existing band n77, but restricted to the 3700 – 3980 MHz and the 3450 – 3550 MHz subparts. A UE that indicates support of nXX shall also indicate support of n77.
Proposal 2	If Proposal 1 cannot be agreed, Solution 1 (new per-UE capability bits) is recommended.
Proposal 3	Solution 3 (Use bit in modifiedMPR-Behaviour) is not recommended.
Proposal 4	Introduction of new n77 NS value to prevent non-supporting UE from camping/accessing on DoD cell shall not be pursued.
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