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1. Background
RAN2 received an LS from SA2 on UE radio capability update [1]. SA2 acknowledged that it is an open issue how the UE radio capability change is handled during the suspended state in case of User Plane CIoT EPS Optimisation. We think that the same consideration should be given to RRC_Inactive state, both for LTE connected 5GC and NR.

In SA2#127bis TS 23.501 CR 0394 "Alignment of radio capabilities procedure" [2] introduced the following text: 

If the UE's NG-RAN UE Radio Capability information changes while in CM-IDLE state, the UE shall perform the Registration procedure with the Registration type set to Mobility Registration Update indicating "UE Radio Capability Update". When the AMF receives Registration Update Request with "UE Radio Capability Update", it shall delete any UE Radio Capability information that it has stored for the UE. 

If the trigger to change the UE's NG-RAN UE Radio Capability information happens when the UE is in CM-CONNECTED state, the UE shall first enter CM-IDLE state and then perform the Registration procedure with the Registration type set to Mobility Registration Update indicating "UE Radio Capability Update". 

If the UE though instead when inactivity is detected is transitioned by the network to RRC_Inactive from RRC_Connected there is no defined procedure on how to trigger update of its UE radio capabilities. Bearing in mind that RRC_Inactive may in certain cases be used for protracted periods of time and at the moment there is no defined mechanism for the network to know that the UE wants to update its radio capabilities while CM_Connected, it is important to define a procedure for such scenario. 
2. Possible options

Option 1: UE autonomous release of RRC connection

In that option when the UE is in RRC_Inactive and is intending to change its UE Radio Capabilities is permitted to autonomously release the RRC_Connection, transition to CM_Idle and perform Registration Update with "UE Radio Capability Update" i.e. follow the procedure defined in TS 23.501 clause 5.4.4.1 from CM_Idle. 

Option 2: UE Radio Capabilities Update is permited while the UE is RRC_Inactive

The baseline of such option means that the UE will perform RRC Connection Resume and subsequently after the UE transitions to RRC_Connected it will send Registration Update with "UE Radio Capability Update". This in turn will trigger the AMF to request and retrieve the updated UE radio capabilities. 

The signaling flow for such approach is indicated in Figure 1 below:  
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Figure 1: Updating UE radio capabilities when UE is RRC_Inactive (option 2)
This baseline scenario can be potentially further improved if the Resume message (step 1 in Figure 1) is enhanced in RRC to indicate to NG-RAN that RRC connection is established to send Registration Update that updates the UE radio capabilities and as a result RAN can be configured to only use the "basic" radio capabilities for this RRC connection e.g. not enable DC, CA configuration. This way can be avoided that the UE and network would operate between step 4 and 9 with "old" radio capabilities. 

Option 3: UE Radio Capabilities Update triggers the release of N2 and RRC connections

This option can be considered a "hybrid" of option 1 and 2, since the UE resumes the RRC Connection and sends Registration Update with "UE Radio Capability Update" using steps 1-5 but when AMF receives this knowing the UE is CM_Connected releases the N2 connection and deletes the "old" UE radio capabilities stored in AMF. The UE the Registration Update Accept also automously releases the RRC connection and transitions the UE to RRC_Idle/CM_Idle. Next time the UE is triggered to go to CM-Connected e.g. sends Service Request the new UE context that is sent to RAN will contain the updated UE radio capabilities.

[image: image2.emf]NG-RAN UE AMF

7. N2 Release

Deletes old UE radio 

capabilities and triggers 

update

UE transition to 

RRC_IDLE/CM_IDLE

RRC_Inactive

1. RRC Resume Request

2. UE context Retrieval

3. N2 Path Switch

4. RRC Resume

RRC_Connected

8. RRC Release


Figure 2: Registration Update with UE Radio Capability Update triggers N2/RRC release (option 3)
As in option 2 possible enhancement in RRC Resume may indicate to NG-RAN that the Resume is sent in order to update the UE radio capabilities and therefore NG-RAN use basic configuration for such UE. 
=//=

Comparison of the three options: 
The UE based approach (option 1) allows the UE to release the UE to locally release the RRC connection and uses another trigger for this case. This option has no network impacts 
Option 2 requires RAN3 to define/mirror the use of "UE Radio Capability Request" in N2 DOWNLINK NAS TRANSPORT (not supported at the moment). It also "violates" the current SA2 agreement and requires the UE to operare in RRC_Connected for some time with "old" radio capabilities (the severity of that will depend on whether NG-RAN is aware of the fact that the RRC connection is resumed to update the radio capabilities).The benefit of option 2 is that it can be used "as is" for when the UE starts from RRC_Connected since steps 5-10 in the call flow above will be the same. 
Option 3 has no new signalling impacts (bar whatever may be required in RRC Resume) but it transitions the UE to CM_Idle after the completion of the procedure. In this solution also depending on whether an indication to operate with "basic" radio capabilities will be defined by RAN2 in RRC Resume the UE may have to operate with "wrong" radio capabilities for some time. 
We think option 1 is the simplest because the impact is contained within the UE behaviour. So far RAN2 have not assumed UE capability change procedure during connected mode, except the temporary UE capability restriction. We run into the well-known problem of UE capability de-synchronization between the UE and the network if we allow the UE to update its radio capability while the UE radio capability is already available at the seving RAN node. Some mechanism is required to prevent “old/wrong” UE radio capabilities from being used during the resume procedure.
Proposal 1:

To agree on the UE based approach (option 1): allow the UE to locally release the RRC connection when the UE intends to update its radio capability.

Proposal 2:

To respond to SA2 [1] that RAN2 considers UE radio capability update during RRC_Inactive should also be supported by means of UE local release of RRC connection.
3. Conclusions
In this document we discussed the handling of UE radio capability update event during RRC_Inactive (for both for LTE connected 5GC and NR). Three options were discussed and finally we made the following proposals.

Proposal 1:

To agree on the UE based approach (option 1): allow the UE to locally release the RRC connection when the UE intends to update its radio capability.

Proposal 2:

To respond to SA2 [1] that RAN2 considers UE radio capability update during RRC_Inactive should also be supported by means of UE local release of RRC connection.
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