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1 Introduction

It is reasonable to consider the change of the UE radio capabilities, since the radio capabilities of a device can be changed, e.g. software upgrade on the device side. As discussed in the email discussion [104#34] UE cap ID signalling options [1], the proposals related to these aspects are:

Proposal 6: Capture in the TR that in case of NAS initiated change of capability, RAN2 understand that the capability ID signalling can be used to update the capability, if the new capability set has an ID assigned.
Proposal 7: Capture in the TR that RAN2 understand that in case of NAS initiated change of capability, legacy signalling can be used to transfer the new capability in case the new capability set does not have an ID assigned.

Proposal 8: Capture in the TR that in a context where network-assigned capability IDs are supported, after the UE indicates a changed capability with legacy signalling, RAN2 assume the network may assign a capability ID to the new set.

Proposal 9: Further discuss the applicability and approach for delta signalling.
In this paper, we aim to discuss the scenario of the UE radio capabilities change and the delta signalling solution.
2 Discussion
For the scenario of the UE radio capabilities change, there are two potential solutions:
· Assigning a new UE capability ID: a UE can maintain multiple UE capability IDs associated with multiple different radio capability sets respectively. UE reports the UE capability ID representing its current radio capability set. If the radio capability changes, UE reports a new UE capability ID if it has already gotten the new UE capability ID, or report compete radio capability set and acquire the new UE capability ID from the network.
· A combination of a UE capability ID and a “delta set”: A UE can maintain a UE capability ID associated with a “basic” radio capability set. If the radio capability changes, which means UE current radio capability set is different from the “basic” radio capability set, UE reports UE capability ID and a “delta set”. The “delta set” indicates the changed part of radio capability. 
To our understanding, the main motivation of the second solution is to reduce the signalling overhead in Uu and the storage requirements on the network side and the UE side, since a full radio capability set can be large. The benefits will be obvious if the “delta set” is simple, e.g. like an on-off to switch on/off part of the radio capabilities. However, if the “delta set” adopts the complex capability structure (BandCombination – featureSetCombinations – featureSets), there seems no much differences between reporting/storing full radio capabilities and reporting/storing “delta set”. The main overhead of radio capabilities comes from the capability structure itself and the size of “delta set” could be large as well. Hence, the desired “delta set” is “few bits” complementary information to indicate usable/unusable part of the radio capabilities, with a UE capability ID representing a “full” radio capability set.
Proposal 1: If delta signalling solution is supported, the desired “delta set” should be limited to a “few bits” of complementary information to indicate usable/unusable part of the radio capabilities, with a UE capability ID representing a “full” radio capability set.
Based on the Proposal 1, the pros of delta signalling solution is that UE and network store fewer UE capability IDs and radio capability sets. However, the complexity in network side is increased since the network needs to combine “basic” radio capability set and “delta set” to acquire the complete radio capability. To further analyse the necessity and benefits of the delta signalling solution based on the pros and cons analysed above, in the first place, we would better identify the use cases of radio capabilities change. The following use cases could be considered:
1) Software upgrade on the device; 
2) Cutting off some capabilities i.e. MIMO capability or CA capability;

3) Switching on/off NR, switching on/off FR2 or switching on/off CA due to user manipulation; 
4)... 
For case 1) and case 2), assigning a new UE capability ID is more reasonable. The radio capabilities change for software upgrade is not temporary, it’s more beneficial to report new UE capability ID instead of indicating ID and “delta set” every time. For case 2), it refers to the capability structure and “delta set” is not preferred as we discuss above. Regarding case 3), both two solutions are feasible. If delta signalling solution is used, the “delta set” is several bits indications which can switching on/off NR, switching on/off FR2 or switching on/off CA. Besides, if a new UE capability ID is assigned, a UE may have several (less than ten) radio capability sets at most, and the signalling overhead and storage issue seem not critical.
Proposal 2: To further analyse the necessity and benefits of the delta signalling solution, the use cases of radio capabilities change are suggested to be investigated firstly. For example, 1) Software upgrade on the device; 2) Cutting off some capabilities i.e. MIMO capability or CA capability; 3) Switching on/off NR, switching on/off FR2 or switching on/off CA due to user manipulation.
3 Conclusion and Proposals
In this contribution, we have the following proposals:
Proposal 1: If delta signalling solution is supported, the desired “delta set” should be limited to a “few bits” of complementary information to indicate usable/unusable part of the radio capabilities, with a UE capability ID representing a “full” radio capability set.
Proposal 2: To further analyse the necessity and benefits of the delta signalling solution, the use cases of radio capabilities change are suggested to be investigated firstly. For example, 1) Software upgrade on the device; 2) Cutting off some capabilities i.e. MIMO capability or CA capability; 3) Switching on/off NR, switching on/off FR2 or switching on/off CA due to user manipulation.
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