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Introduction
In RANP-80, SI on UE capabilities handling and optimizations in RAN2 was agreed with high priority on UE capability ID based signalling.
In this contribution, we discuss several aspects of capability ID based UE capability transfer from RAN2 perspective with the intention to progress on this topic in RAN2 and to inform SA2 and other WGs on our preference for aspects that are outside of RAN2, but which do impact us.
Discussion
There are several aspects (within RAN2 and outside of RAN2) that are impacted by the UE capability ID based transfer, and the design decisions on some of them impact the design/operation of others. To ensure that the discussion builds up based on the assumptions/decisions made on other aspects of this, we try to take up first the topics related to this feature that are internal to RAN2 and that can lay the framework for other aspects. Based on this, we do not start with that definition of the capability ID or which entity defines this ID, but rather how the ID is transferred from the UE to the gNB first. 
Transfer of capability ID from the UE to the gNB
If we defer the discussion on what the capability ID should look like and proceed with that fact the capability ID provided by the UE is intended to implicitly provide the capabilities the UE intended to transfer, then ideally we would like the UE to transfer the capability ID as soon as it can when it goes into connected mode. 
During the transition from idle to connected mode, MSG1 is purely a preamble sequence with no RRC information and so cannot be used. 
There were several discussions in SA2 [1] on optimizations where gNB can cache the capabilities (based on the UE provided capability ID), and in such cases, sending the capability ID at MSG3 itself can potentially help with setting up of SRB1 and other access stratum capabilities faster. However, any addition to MSG3 would impact negatively on the cell coverage. For this reason we prefer that the capability ID transmission by the UE be deferred to MSG5.   

Observation 1: The disadvantage from adding capability ID to MSG3 is increase in size of MSG3 which results in cell coverage getting reduced. 

Proposal 1: MSG5 is used by the UE to provide capability ID to gNB. MSG3 is not used for this purpose.



RRC suspend/resume procedure and ID based UE capability transfer

Capability ID during RRC resume procedure 

[bookmark: _GoBack]The UE context including the capability information is maintained in RAN during the INACTIVE state. While we discuss the case where the capability is changed in the next section, in cases the capability remains the same, there is no benefit in UE providing the capability ID at RRC resumption because of this. 

Observation 2: The UE capability along with other context information is already know to gNB at RRC resumption time. 

Capability ID change in RRC INACTIVE state 

We have to address the case where the UE capability has the potential to change while the UE is INACTIVE state. SA2 has recently agreed to a CR [2] which allows the UE to ‘release’ the connection and establish a new one, if the UE capabilities have changed while the UE is in connected mode. 


Based on the above, in cases where the UE’s capability has changed during the RRC INACTIVE state, the UE can initiate a new RRC Setup Request, thereby also allowing the setup of a new N2 which can provide the gNB with the latest UE intended capabilities from the AMF.

Observation 3: Any capability change in the UE during RRC INACTIVE state can be handled by the UE initiating a new RRCSetupRequest rather than a RRC Resume, even though the details are not yet concluded in RAN2.

So we feel that just using the combination of NAS registration procedure and RRC connection establishment procedure is sufficient for transferring of a capability (with the capability ID using the new approach). 

Proposal 2:. Any new capability transfer from the UE is done through combination of NAS registration procedure and RRC connection establishment procedure. 

Proposal 2a: The UE capability ID is not provided by the UE at RRC resumption time

From RAN2 perspective this would imply that the capability ID transfer would be done with the RRCSetupComplete message as MSG5 when needed at initial Attach or NAS registration involving change of AS capability. But one can argue that the capability ID can be provided in NAS signaling rather than the RRC signaling citing the below reasons:
1. The AMF is the main repository for the UE capability content as well as the capability ID that refers to this content (even when gNB can cache the capability if it intends to), and since the gNB gets the UE capability for an capability ID from AMF, the capability ID would be needed at AMF anyway.
2. If the UE intends to provide a new capability to the NW due to a UE capability change [2], it would use the NAS signaling to inform the AMF to ‘release’ the earlier capability. A capability change using the new procedure just means a change of capability ID, so we could add the capability ID for this case to this the existing NAS signaling. 

We see that both NAS and RRC approaches are viable. It would appear that adding the capability ID in NAS signaling can make the gNB be agnostic to the capability ID transfer and that AMF would provide the capability that corresponds to the ID, using the existing N2 setup signaling, and this can lead to minimal changes.

However we try to provide some arguments in favor of RRC signaling:
1. Using the ID based approach, the gNB has the potential to cache the capability ID and corresponding capability, and it can be the basis in the reduction of the CN/RAN signaling of capability. And gNB would know the capability of the UE faster, which can be used to configure access stratum parameters earlier while the N2 is being setup. Signaling of the ID using RRC signaling is simpler for RRC to know of the ID provided by the UE.  Also the gNB needs to ‘push’ the information of the capability of the UE (and the corresponding ID) to AMF, and for this gNB would have to know the ID from NAS signaling otherwise. 
2. In the future, if the capability ID based capability transfer is to be used in other RATs, having the transfer between the UE and eNB/MME etc using the corresponding RATs RRC, can lay the platform for RAT specific unique exchanges from the UE to the NW (rather than having to use the NAS signaling). 
3. As mentioned later in chap 2.4 in this paper, the capability ID transfer can also happen in UECapabiltyResponse message, which is an RRC message.

Hence we prefer using the RRC signaling over NAS. 

Proposal 3: UE capability ID is sent from the UE only in RRCSetupComplete  as part of MSG5 


Temporary capability restriction and ID based UE capability transfer 

RAN2 has the below agreement to let the core network be agnostic of the temporary capability restrictions in the UE. 

	[bookmark: _Toc476249007]5.5.6	UE capability retrieval framework
The UE reports its UE radio access capabilities which are static at least when the network requests. The gNB can request what capabilities for the UE to report (e.g. similar band and band combination requests in LTE). The change of UE capabilities is just to, temporarily (e.g. under network control), limit the availability of some capabilities, e.g. due to hardware sharing, interference or overheating. The temporary capability restrict should be transparent to the NextGen Core. Namely, only static capability is stored in the NextGen Core. The UE signals the temporary capability restriction request to the gNB.
NOTE:	It is FFS to which capabilities the restriction may apply and how the limitation is expressed to the gNB. The details are to be finalized in Stage-3.




The intention is to allow the UE to report any restrictions on the ‘already reported’ capability (either using the legacy capability reporting method or based on the new ID based method). The restrictions would then allow the UE to ‘reduce’ the capability from the baseline capability that was exchanged earlier, for the duration of the RRC connected mode, with the intention that once the UE goes to idle the restriction is not valid anymore.

While RAN2 has not yet discussed on the logistics of the temporary capability restrictions (and the parameters allowed to be part of the restricted set), based on the above, we can infer that the temporary capability restriction can still be viewed as independent procedure to the ID based capability transfer. Even when the UE has capability restrictions at the beginning when the UE is going into connected mode, the UE could provide the baseline capability using the ID based approach, and then use the (to be concluded) RRC signaling to provide the restricted capability set.

Observation 4: Temporary capability restriction feature is independent of the capability ID based UE capability transfer procedure. The restriction in capability is applied on the capability that was transferred using the capability ID.

Proposal 5: Temporary capability restriction will not be considered as part of this SI.

ID based UE capability transfer and legacy capability transfer procedures

Association of capability ID with the UE capability

Irrespective of how capability ID is created, the NW would need the actual capability that the capability ID maps to, and in some cases this may be provided by the UE. 

To handle this situation, the UE should provide the capability ID along with the associated capability and we can extend the UE capability enquiry and information response procedure to accommodate this. 

Observation 5: The existing UE capability enquiry message/ information response procedure can accommodate the transfer of additional signaling needed to handle the UE capability ID based transfer feature.

It is also safe to say that the gNB or other NW nodes may not have the capability ID or the corresponding capabilities based on the capability ID (atleast in some transient situations). 

Observation 6: In cases where there is no (sufficient) information on the capability ID or the capability the capability ID refers to, we have to ensure that the capability from the UE is transferred to the NW, and in such cases the legacy means of capability transfer can be re-used.


Partial capability based on NW parameters

We also have to address the case of UE transferring partial capability based on NW provided filters (NW requested bands, BW etc..) in regards to how this mixes with capability ID based capability transfer.

The basic premise with capability ID usage is that the ID intends to replace the transfer of UE capability across the UE and gNB and possibly across the NW nodes. And as stated earlier, wherever needed, the legacy means of capability transfer using UECapabilityEnquiry and UECapabilityInformation is used. 

Although it would be not effective for the NW to ask again via legacy means, after the UE has sent the capability ID and the NW has the capability information based on the capability ID, from UE perspective, this use case is not different from the case where the NW could not map the capability from the by the ID earlier, and the NW had asked for the capability (with some filters provided). 

In a sense both the capability ID based capability transfer and the legacy capability transfer can co-exist, though redundant in some cases which we leave to the discretion of the gNB. At least we should not prevent the gNB from asking for a filtered UE capability using the legacy means, even after the UE has provided a capability ID in MSG5 earlier. 

Based on the arguments and the observations made above we can propose the following:

Proposal 6: The legacy process of capability transfer and the capability ID based capability transfer are not mutually exclusive. The legacy capability transfer usage includes (but not limited to):
· the cases where the NW nodes do not have information on the capability ID or the capability that is referred to by the capability ID
· the UE does not provide a capability ID to the NW
· or if the NW intends to use the legacy procedure

Proposal 7: The legacy messages UECapabilityEnquiry and UECapabiiltyInformation can be enhanced as below to handle the transfer of UE capability ID and the associated UE capability message:
· The UECapabilityEnquiry message includes an optional request from the NW to provide the UE capability ID (even if the UE has provided the UE ID earlier)
· The UECapabilityInformation message includes an optional UE capability ID field that the UE fills in if has a UE capability ID and requested by the NW. The capability provided in the UECapabilityInformation message will be assumed to be the capability the capability ID message represents in such a case..  


Conclusion and proposals

Observation 1: The disadvantage from adding capability ID to MSG3 is increase in size of MSG3 which results in cell coverage getting reduced. 

Proposal 1: MSG5 is used by the UE to provide capability ID to gNB. MSG3 is not used for this purpose.

Observation 2: The UE capability along with other context information is already know to gNB at RRC resumption time. 

Observation 3: Any capability change in the UE during RRC INACTIVE state can be handled by the UE initiating a new RRCSetupRequest rather than a RRC Resume, even though the details are not yet concluded in RAN2.

Proposal 2: Any new capability transfer from the UE is done through combination of NAS registration procedure and RRC connection establishment procedure. 

Proposal 2a: The UE capability ID is not provided by the UE at RRC resumption time

Proposal 3: UE capability ID is sent from the UE only in RRCSetupComplete as part of MSG5.

Observation 4: Temporary capability restriction feature is independent of the capability ID based UE capability transfer procedure. The restriction in capability is applied on the capability that was transferred using the capability ID.

Proposal 5: Temporary capability restriction will not be considered as part of this SI.

Observation 5: The existing UE capability enquiry message/ information response procedure can accommodate the transfer of additional signaling needed to handle the UE capability ID based transfer feature.

Observation 6: In cases where there is no (sufficient) information on the capability ID or the capability the capability ID refers to, we have to ensure that the capability from the UE is transferred to the NW, and in such cases the legacy means of capability transfer can be re-used.

Proposal 6: The legacy process of capability transfer and the capability ID based capability transfer are not mutually exclusive. The legacy capability transfer usage includes (but not limited to):
· the cases where the NW nodes do not have information on the capability ID or the capability that is referred to by the capability ID
· the UE does not provide a capability ID to the NW
· or if the NW intends to use the legacy procedure

Proposal 7: The legacy messages UECapabilityEnquiry and UECapabiiltyInformation can be enhanced as below to handle the transfer of UE capability ID and the associated UE capability message:
· The UECapabilityEnquiry message includes an optional request from the NW to provide the UE capability ID (even if the UE has provided the UE ID earlier)
· The UECapabilityInformation message includes an optional UE capability ID field that the UE fills in if has a UE capability ID and requested by the NW. The capability provided in the UECapabilityInformation message will be assumed to be the capability the capability ID message represents in such a case..  
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