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Introduction
This is a resubmission of the R2-1906630, where aspects related to changes of the UE radio capabilities are discussed and addition observations made. 

In RAN2 #105 the following has been stated:
 =>	Respond to SA2 that RAN2 understand that all the impacts of 'delta signalling' (i.e. some additional capability information alongside the capability ID) would be within the RAN2 specifications and therefore it should be RAN2 decision to conclude on support of this feature. RAN2 has not yet concluded whether to support or not of this feature.

In this contribution, we address the aspects related to the changes of UE capabilities with the usage of the delta signaling approach.

[bookmark: _Ref178064866]Discussion
The UE capability may change during the lifetime of the equipment. The reason could be software updates or user actions, like switching on and off functionalities. The UE capability signaling solution must be able to handle such changes.

Currently, changes to UE capabilities are not allowed in connected mode. If the capabilities are changed, UE can go to idle mode, and re-Register indicating to AMF that radio capabilities have changed using the "UE radio capability update" flag as defined in TS 23.501 [1], clause 5.4.4.1. ​

[bookmark: _Toc528758381][bookmark: _Toc528758606][bookmark: _Toc528764649][bookmark: _Toc528765837][bookmark: _Toc528834796][bookmark: _Toc528835560][bookmark: _Toc528835947][bookmark: _Toc528836249][bookmark: _Toc528836477]Since changes to UE capabilities are not expected to be frequent, there is no strong impact that the UE goes to Idle mode when updating capabilities.

In TR 23.743 [2], a number of alternative solutions are described on how the UE capability ID is used when the UE may have different capability sets (solutions 6.1, 6.3 and 6.8). With these solutions, the UE capability ID (Manufacturer-specific or PLMN-specific) would identify the complete set of capabilities and, when the capabilities are changed, a new ID would be signaled.

Another approach is used in solution 6.6:
This solution has the following salient characteristics:
-	UE indicates the UE capability ID and optionally a complementary set of UE Radio Capabilities in initial access stratum signaling to the RAN node, which further conveys these to the AMF using N2 signaling.
-	The dictionary used for translation of the UE capability ID into an explicit set of UE Radio Capabilities is stored in the AMF or in a stand-alone Network Function in the 5GC that can be queried by the AMF and locally stored (replicated) in the (R)AN.
-	The AMF stores as part of the UE context, the UE capability ID and, if received, the complementary set of UE Radio Capabilities.
Also, solution 6.9 and 6.11 are quite similar, using a ’delta set’ (or ‘complementary set’) of UE Radio Capabilities. With these alternatives, the UE could be pre-conditioned with one capability ID and any changes in capabilities could be signaled by only sending the “delta”. Although this would provide the needed flexibility, a large part of the gain of the capability ID in RAN would be lost, since the capability ID would have to be complemented with the ‘delta set’ of UE radio capability which would need to be signaled, processed and stored.

The usage of the “delta-signaling” in case of UE Radio Capabilities changes will introduce significant complexity in UE and Network implementation for the following reasons:

· RRC does not use delta signaling for uplink, currently, and its implementation is expected to be complex. So, introducing the “delta” only to handle the capability ID is not worth the effort, considering that no other uplink RRC message will use it.

· In case of capability ID solution working together with delta signalling, the UECapabilityInformation message needs to carry a capability ID (rather than the full capability in current solution and ID only carried over NAS)

· The optionality bit in UE capability fields is typically used to indicate support/no-support of the capability. Hence, currently, the absence of the field cannot be interpreted as “Need M” (maintain). As a consequence, significant changes to the UE capability structure would be necessary to support delta signaling.

· Many capabilities (e.g. supportedBandCombinationList, UL/DL featureSets, featureSetCombinations) are very large lists which refer to each other. The usage of delta signaling will likely impact those lists changing the relations among the elements (e.g. fewer/more feature sets in general, fewer/more feature sets per CC inside a feature set, and so on).
The picture shows the relations among the band combinations and the capabilities ids:
[image: ]
[bookmark: _Hlk4395061]

As an example, assuming the UE first reported the support of:
- bands (A,B,C) associated with FeatureSetCombinationId 1
- bands (B,C,D) associated with FeatureSetCombinationId 5
- bands (A,C,D) associated with FeatureSetCombinationId 5

If the capabilities for (B,C,D) changed, the usage the delta signaling implies the update of its associated FeatureSetCombinationId. The UE has to parse the capability structure to identify if the existing FeatureSetCombinationId can be updated or a new one has to be created.
In the example, a new FeatureSetCombinationId (and possibly new FeatureSetDownlink/UplinkID and FeatureSetDownlink/UplinkPerCC-ID) needs to be included, since the existing FeatureSetCombinationId 5 cannot be reused because it is pointed by the band combination (A,C,D).

So, in general, the delta signal requires the update, addition or removal of a number of FeatureSetCombinationId, FeatureSetDownlink/UplinkID and FeatureSetDownlink/UplinkPerCC-ID, depending on the relations among the band combinations and capabilities. This implies the parsing of the capability structure, identifying any possible relation among the capabilities and modify the capability structure accordingly, resulting in a very complex operation, considering the amount of the relations.

· Extra checks/logic are required in the UE to be able to create consistency among FeatureSetCombinationId, FeatureSetDownlink/UplinkID and FeatureSetDownlink/UplinkPerCC-ID and, in general, to create a consistent capability structure (e.g. taking into consideration the relations among different elements in different lists). This will introduce additionally complexity in the UE.

[bookmark: _Hlk4396664][bookmark: _Toc528758382][bookmark: _Toc528758607][bookmark: _Toc528764650][bookmark: _Toc528765838][bookmark: _Toc528834797][bookmark: _Toc528835561][bookmark: _Toc528835948][bookmark: _Toc528836250][bookmark: _Toc528836478]Significant changes to the UE capability structure would be necessary to support delta signaling.
A solution when the capability ID may be complemented with extra capability signaling (delta-signaling) would add extra complexity to the capability handling in the UE and gNB, and would limit the gains of using a capability ID.

Currently, delta signaling is not used in uplink RRC messages, so, introducing the “delta” only to handle the capability ID does not seem worth the effort, considering that no other uplink RRC message is using it.

[bookmark: _Hlk3467022]The usage of the delta signaling cannot be considered even for simple scenarios (e.g. RAT switch on/off), due to relations among capabilities for different RATs.

For instance assuming there are capabilities for RAT-type “nr”, ”eutra” and “eutra-nr”, but the UE would report that it does not support “eutra” anymore.

In this scenario it is not recommended to use delta signaling because EN-DC RAT, which has mainly capabilities conveyed in rat-type “eutra-nr”, also depends on FeatureSets signaled in “nr” and “eutra”: this means the use of delta signaling would require a big change in the capabilities relations, making the process very complicated.

The usage of the delta signaling, should not be considered even for simple scenarios (e.g. RAT switch on/off), due to dependencies among capabilities for different RATs. 

It shall be noted that the overall gain when using delta signaling is questionable, too.
Although it is true that the delta signaling will reduce the number of Capability IDs defined for the UE, the complexity in UE will increase. Additionally, the network has to update the UE Context whenever a “delta” is received from the UE, for instance when switching on/off a RAT, limiting the gain in using the Capability ID. 

The overall gain when using delta signaling is questionable, because of the added complexity both in UE and the network, and the need to anyway update the UE Context whenever a “delta” is received. 

Due to the complexity introduced by the delta signaling and the questionable overall gain, RAN2 should agree that the UE capability ID always describes the complete usable set of UE capability, and a different UE capability ID is sent whenever the UE capabilities are changed (e.g. due to a software upgrade, RAT switch on/off, etc.).
SA2 should be informed accordingly.

[bookmark: _Toc528758384][bookmark: _Toc528758614][bookmark: _Toc528764646][bookmark: _Toc528765840][bookmark: _Toc528834798][bookmark: _Toc528835562][bookmark: _Toc528835949][bookmark: _Toc528836251][bookmark: _Toc528836479]From RAN 2 perspective, it is preferred that the UE capability ID always describes the complete usable set of UE capability. This means a different UE capability ID is sent whenever the UE capabilities are changed.

Send an LS [3] to inform SA2 on decision taken in RAN2, according to Proposal 1. 

Conclusion
[bookmark: _Hlk528836488]In section 2 we made the following observations:
1. Since changes to UE capabilities are not expected to be frequent, there is no strong impact that the UE goes to Idle mode when updating capabilities.
1. Significant changes to the UE capability structure would be necessary to support delta signaling.
1. A solution when the capability ID may be complemented with extra capability signaling (delta signaling) would add additional complexity to the capability handling in the UE and gNB, and would limit the gains of using a capability ID.
1. Currently, delta signaling is not used in uplink RRC messages, so, introducing the “delta” only to handle the capability ID does not worth the effort, considering that no other uplink RRC message will use it.
1. The usage of the delta signaling should not be considered even for simple scenarios (e.g. RAT switch on/off), due to relations among capabilities for different RATs.
1. The overall gain when using delta signaling is questionable, because of the added complexity both in UE and the network, and the need to anyway update the UE Context whenever a “delta” is received.

Based on the discussion in section 2 we propose the following:
Proposal 1	From RAN 2 perspective, it is preferred that the UE capability ID always describes the complete usable set of UE capability. This means a different UE capability ID is sent whenever the UE capabilities are changed.

Proposal 2	Send an LS [3] to inform SA2 on decision taken in RAN2, according to Proposal 1. 
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