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Abstract of the contribution: Proposes a way forward for the open issues related to updating radio capabilities in EPS using TAU instead of Detach/Re-Attach.
1. Background
In SA2#128 a CR S2-187596 [1] was endorsed in alignment and Stage 3 CR TS 24.301 CR3038; C1-183817 [2]) that allows the UE to update E-UTRA radio capabilities with TAU instead of requiring detach and re-attach. 
During the discussion two issues were identified: 

a. How updating UE radio capabilities with TAU can work when the UE is in "suspended state" (aka in ECM-IDLE with AS stored during the course of using UP CIOT EPS optimisation)?
b. How to handle paging due to MT data during the update of the UE Radio Capabilities?
This paper discussed possible options to address those issues and proposes way forward. 

2. How updating UE radio capabilities with TAU can work when the UE is in "suspended state"?
There are two possible options that can be used in that case: 
a) UE centric solution: UE autonomously deletes the stored AS context and triggers establishment of a new RRC connection when it receives trigger from NAS to send TAU w/ “UE radio capability update needed”. The UE procedure for "autonomous" release of the AS context when using User Plane CIOT EPS Optimisation is defined in TS 36.331. 
The decision to resume or setup new RRC connection is made by upper layers in the first place as stated in section TS 36.331, clause 5.3.3.2:

“The UE initiates the procedure when upper layers request establishment or resume of an RRC connection while the UE is in RRC_IDLE.”
Therefore in case of TAU for radio capabilities change the upper layers would should request RRC to setup new connection rather than resume old connection. Which means network will have to perform security mode procedure to complete the NAS procedure (e.g. TAU update).

Later in the same subclause, 5.3.3.2, if there is stored UE context it is deleted in cases of request from upper layers is other than resume.

“….

1> if the UE is resuming an RRC connection: 

2> initiate transmission of the RRCConnectionResumeRequest message in accordance with 5.3.3.3a; 

1> else: 

2> if stored, discard the UE AS context and resumeIdentity; 

2> initiate transmission of the RRCConnectionRequest message in accordance with 5.3.3.3;

…"
b) Network based solution: It is already defined in TS 23.401 clause 4.11 that: 
At any subsequent transaction trigger from the NAS layer when UE is in ECM-IDLE including if it attempts to send data using Control Plane CIoT EPS Optimisation as defined in clause 5.3.4B, the UE shall attempt the Connection Resume procedure, see clause 5.3.5A and TS 24.301 [46]
This means that even for the case of triggering TAU with "UE radio capability update needed" flag set the UE will have to first perform Connection Resume procedure. 
Observation 1: When the UE is in ECM-IDLE with AS stored (aka using UP CIOT EPS optimisation) always performs Connection Resume procedure before sending NAS signalling.

The MME subsequently to receiving the TAU with "radio capability update needed" can trigger the retrieval of the updated UE radio capabilities using the recently defined UE Radio Capability Request in S1-AP DOWNLINK NAS TRANSPORT message. This same approach was used for a different reason (retrieval of UE radio capability for paging info) in the related clause in TS 23.401 cl. 5.11.2: 
When the CIoT EPS Optimisations do not apply, if the MME has not stored the UE Radio Capability information, in order to obtain UE radio capability for paging information, the MME can trigger the retrieval of the UE Radio Capability information by indicating UE Radio Capability request in DOWNLINK NAS TRANSPORT message during Attach or TAU procedure.

Observation 2: MME can trigger retrieval of UE radio capabilities using UE Radio Cability request flag in S1-AP DOWNLINK NAS TRANSPORT message
The overall signalling flow will look as follows: 
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Figure 1: Sending TAU w/ UE radio capability update needed when using UP CIOT EPS Optimisation
Comparison of the two approaches: 

The "Network based solution" while not having any new signalling impacts impose a new logic in MME to handle TAU with "radio capability update needed" flag. Notably the MME needs to set the UE Radio Capability Request in DOWNLINK NAS TRANSPORT message that includes the "TAU Accept". As stated above this similar approach is defined already for other reason (retrieval of UE radio capability for paging information). Nevertheless it is possible that the MME may not support this relatively new signalling and logic and there is a possibility of backwards incompatibility e.g. rel.15 UE connecting to rel.13 MME. This in turn would require whether some form of negotiation for the UE to fallback to detach/reattach if the MME does not support DOWNLINK NAS TRANSPORT message with "Radio Capability Request". Another issue is that the UE and network upon the "resumption" of the RRC connection would be required to use the "old" radio capabilities.
The UE based approach on the other hand is already defined in in RRC specification but it requires a new trigger in NAS to request a "fresh" RRC connection when TAU with " radio capability update needed" is sent. This approach does not impose any new network impacts but only additional UE NAS impacts. 
Due to the issue of backwards compatibility and in order to avoid network impacts it is proposed to adopt a UE based solution. 
Proposal 1: It is proposed to adopt a UE based solution for how to update UE radio capabilities with TAU when the UE is in "suspended state". The UE NAS when it sends TAU w/ “UE radio capability update needed" it requests the establishment of new RRC connection from RRC and not resume. 
3. How to handle paging due to MT data during the update of the UE Radio Capabilities?
In LS C1-184606 [4] CT1 indicated 

For EPS, collision of tracking area updating procedure with other procedures caused by race conditions is already covered in CT1 specification TS 24.301.

For 5GS, CT1 is in the process of adding handling of collision of registration procedure with other procedures caused by race conditions similar to what is specified for EPS.

For reader's convenience the following extracts from TS 24.301 already cover this case: 
- Subclause 5.6.2.2.1.1 for the case when the UE gets a page during an ongoing TAU procedure:
If the paging for EPS services was received during an ongoing UE-initiated EMM specific procedure or service request procedure, then the UE shall ignore the paging
- Subclause 5.6.1.7 for the case when the network gets a TAU request from the UE during an ongoing service request procedure:

e)  TRACKING AREA UPDATE REQUEST message received before the service request procedure has been completed or a SERVICE REJECT message has been sent

     If a TRACKING AREA UPDATE REQUEST message is received and the service request procedure has not been completed or a SERVICE REJECT message has not been sent, the network may initiate the EMM common procedures, e.g. the EMM authentication procedure. The network may e.g. after a successful EMM authentication procedure execution, abort the service request procedure and progress the tracking area updating procedure.

Overall, we don’t rely believe that there is any issue that needs to be resolved for this case and the existing NAS procedures already cover the race conditions. 
Proposal 2: The procedures to handle paging due to MT data during the update of the UE Radio Capabilities with TAU are already in place in TS 24.301.  CT1 confirm this assertion in [4] so the related statement can be removed from "other comments" of TS 23.401 CR 3444. 
4. Conclusion
It is proposed to agree on the following two proposals. 
Proposal 1: It is proposed to adopt a UE based solution for how to update UE radio capabilities with TAU when the UE is in "suspended state". The UE NAS when it sends TAU w/ “UE radio capability update needed" it requests the establishment of new RRC connection from RRC and not resume. 
Proposal 2: The procedures to handle paging due to MT data during the update of the UE Radio Capabilities with TAU are already in place in TS 24.301.  CT1 confirm this assertion in [4] so the related statement can be removed from "other comments" of TS 23.401 CR 3444. 
TS 23.01 CR 3444 is updated inline with proposal 1 and 2 in order to cover the case the UE is in "suspended" state while sending TAU with "Radio Capability update needed".
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