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1	Introduction
The TDD band n77 has been defined to cover a wide frequency range in FR1, spanning frequency area of 3300 MHz – 4200 MHz as per TS38.101-1. However, there is a NOTE in the definition stating that in US, operation is restricted to 3700 – 3980 MHz. This is because earlier FCC rulings.
However, FCC has recently released new rules for 5G operation in 3450 – 3550 MHz range, which would also be covered by Band n77. RAN4#98bis-e agreed to WF in R4-2105439 to extend n77 operation in US accordingly, but the issue of whether signalling support for this is needed has not been possible to resolve in RAN4: Some companies (see e.g. R4-2110979) claim no signalling is needed, and some companies think signalling definitely needed (see e.g. R4-2109174/R4-2109442/R4-2109443/R4-2109444).
In RAN#92e, it was decided (See RP-211587) that RAN4 focuses on the requirements and the signalling aspects are left to RAN2, with the aim to ensure that network can properly deal with legacy n77 UEs that do not support 3.45-3.55 GHz operation in US. RAN2 was also tasked to complete any required work by RAN#93e (September 2021), which means RAN2 should complete the work in RAN2#115e. 
2	Band n77 extension in US
2.1	Allowed frequencies in US for band n77 
The basic situation with band n77 is as shown below: 
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That is, the usage of band n77 in the US is being changed so that previously unavailable part of the band is now becoming available. The UEs currently supporting (global) n77 would support the actual frequency filters of any part of n77, but might not be able to operate according to the updated definition of the band n77 in the US. Hence, they might not support configuration of the 3450-3550 MHz frequency range when operating in a PLMN whose MCC identifies it as being in the US. Further, since the RF requirements are only being defined now, there is no guarantee that the UEs are able to comply with those according to their current RF. 
Observation 1: It is not clear if UEs supporting current n77 definition in US support extended n77 definition in US.
In general, we note that the issue being discussed is whether (and which) signalling would be needed so network can distinguish whether UEs support for 0) support 1) or 2). As usual, UE supporting 2) but operating in a network supporting only 1) would not be configured with the extended part, but UE supporting 1) operating in a network supporting 2) would need to be distinguished. This is a typical case of extending a "feature" support later on, which is usually done with signalling.
Observation 2: RAN2 normally uses signalling to distinguish UEs supporting an extended version of a feature from those support the basic version of the feature.
2.2	UE support of band n77 extension in US
We understand that the discussion in RAN4 has been mainly about the RF requirements, with brief forays into how signalling support could be done (e.g. via reuse of modifiedMPR bits), but with some companies claiming no signalling support is needed. Hence, there was no consensus on how to progress, as the signalling questions were not in the main expertise of RAN4, which was one reason why RAN tasked RAN2 to handle the questions on signalling.
So far the RAN4 discussion centered on the question of whether to support signalling. The main arguments from those not wishing to support signalling were that it would allow existing UEs to utilize the extended spectrum, but this is even if that was the case, the UEs would need to be updated (and possibly re-certified as the previous certification would have only concerned the existing n77 usage). And if the UEs were to be updated, then it's not clear why there would be problems to update also the actual capability signalling (as has been done before). It seems that anyway UEs will have to be updated to support the extended version of n77 in US!
Observation 3: Existing UEs in the field would need to receive SW updates  (and possibly even be re-certified) to support the extended band n77 in US.
Further, absence of signalling opens up multiple questions: Can network configure measurements blindly without knowing UE capabilities? If a legacy UE decides to cause RLF due to this (due to considering it as network configuring something not indicated by UE capabilities), how would the network know the reason for this? In light of these, we think it's by far the simplest and most straightforward to define the signalling, as is done normally and would propose RAN2 starts from that assumption.
Proposal 1: RAN2 defines new signalling that UE uses to indicate it supports extended US band n77 (i.e. the frequency range 3450-3550 MHz in addition to the existing 3700-3980 MHz).
On the exact signalling mechanisms, we would note the following:
· The bits in the field modifiedMPR was proposed to be used in R4-2109442/R4-2109443/R4-2109444, mainly due to not increasing signalling overhead.
· Adding an extra bit to the n77 is very simple but increases UE capability overhead by 1-bit for all bands if done via per-band signalling.
Generally, we see that using the modifiedMPR would be possible if the overhead is seen as a problem, even though this abuses the original intention of the signalling. However, we also think that the overhead is likely not the biggest issue as the UE capability could be a per-UE field just as well. Hence, we think that would be the simplest solution.
Proposal 2: Add a new per-UE capability that indicates that UE supports extended frequency range in US for band n77.
We would also note that band n77 exists in several EN-DC band combinations. This means that for network to assign measurements of band n77 in US, it needs to know whether UE supports the extended range. Therefore, adding capability bit for NR only is not sufficient as LTE eNB also needs to know about the UE supports. Hence, it seems clear that a per-UE capability bit is also required for LTE RRC.
Observation 4: LTE eNB needs to know UE support of band n77 frequency range to configure measurements for EN-DC purposes.
Proposal 3: Add the per-UE capability to both NR and LTE RRC. A UE supporting the capability for n77 extension in US shall support the n77 extension in US for both NR SA and EN-DC/MR-DC operation.
Finally, the question on release for the CRs needs to be resolved: As the frequency bands are release-independent, in principle the changes should be done from Rel-15 onwards. We think this is anyway possible via late non-critical extension to capabilities, even if that will require some additional care and the CRs will "look" slightly more complicated (due to use of late NCEs)., but this is not really a serious argument. While we think CRs from Rel-15 onwards would be more appropriate, it would be also acceptable to only agree to the changes from Rel-16 onwards (with magic sentence). In general it is better to have capabilities applicable from earliest release possible to avoid issues with ASN.1 comprehension, so to avoid any issues the capabilities would be best to introduce from Rel-15 onwards.
Observation 5: Rel-15 changes would be more aligned for release-independence, whereas Rel-16 changes would easier to implement in terms of CRs (as late NCEs to LTE and NR RRC can be avoided).
To this end, we have provided example CRs for changes from Rel-16 onwards in R2-2107939 (38.331), R2-2107938 (38.306), R2-2107937 (36.331), R2-2107936 (36.306), and CRs from Rel-15 onwards inR2-21xxxx  R2-21xxxx  R2-21xxxx  R2-21xxxx   R2-2107940/R2-2107941 (36.306), R2-2107942/R2-2107943 (36.331), , R2-2107944/ R2-2107945 (38.306) and R2-2107946/R2-2107947 (38.331).
Proposal 4: RAN2 to decide whether the changes are adopted needed from Rel-15 onwards (with late non-critical extensions to UE capabilities) or Rel-16 (with magic sentence) onwards.
3	Conclusion
This documents has made the following observations:
Observation 1: It is not clear if UEs supporting current n77 definition in US support extended n77 definition in US.
Observation 2: RAN2 normally uses signalling to distinguish UEs supporting an extended version of a feature from those support the basic version of the feature.
Observation 3: Existing UEs in the field would need to receive SW updates  (and possible even be re-certified) to support the extended band n77 in US.
Observation 4: LTE eNB needs to know UE support of band n77 frequency range to configure measurements for EN-DC purposes.
Observation 5: Rel-15 changes would be more aligned for release-independence, whereas Rel-16 changes would easier to implement in terms of CRs (as late NCEs to LTE and NR RRC can be avoided).
And proposed the following:
Proposal 1: RAN2 defines new signalling that UE uses to indicate it supports extended US band n77 (i.e. the frequency range 3450-3550 MHz in addition to the existing 3700-3980 MHz).
Proposal 2: Add a new per-UE capability that indicates that UE supports extended frequency range in US for band n77.
Proposal 3: Add the per-UE capability to both NR and LTE RRC. A UE supporting the capability for n77 extension in US shall support the n77 extension in US for both NR SA and EN-DC/MR-DC operation.
Proposal 4: RAN2 to decide whether the changes are adopted needed from Rel-15 onwards (with late non-critical extensions to UE capabilities) or Rel-16 (with magic sentence) onwards.
The CRs for the proposed changes from Rel-16 onwards (with magic sentence) can be found in R2-2107939 (38.331), R2-2107938 (38.306), R2-2107937 (36.331), R2-2107936 (36.306), and CRs from Rel-15 onwards (with late NCE correction to UE capabilites) in R2-2107940/R2-2107941 (36.306), R2-2107942/R2-2107943 (36.331), , R2-2107944/ R2-2107945 (38.306) and R2-2107946/R2-2107947 (38.331).
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