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1. Introduction

The SOR performed during a registration procedure was captured in stage 2 TS 23.122 Annex C.2 and implemented in stage 3 TS 24.501 for both initial registration procedure and registration procedure for mobility and periodic registration update.
This discussion paper attemts to show some problems caused by a misaligned UE behaviour and AMF behaviour on SOR during the registration based on the current situation in stage 2 and stage 3, provide the evaluation on possible solutons and finally propose a way forward to resolve problems.

2. Discussion

2.1 Current situation in stage 2 TS 23.122

As specified in TS 23.122 Annex C.2 (copied in Annex A of this paper), in following two cases the UE can directly perform SoR without sending the REGISTRATION COMPLETE message to the AMF to complete the ongoing registration procedure to speed up the SOR:
(1) SoR information is received, the security check is successful, the UDM has not requested an acknowledgement, and the UE decides to locally release the NAS signalling connection to perform SoR.
(2) SoR information is received, the security check is not successful and the UE decides to perform SoR.
Observation 1: In stage 2, for the SOR performed during the registration, there are two cases in which the UE will perform SoR without sending the REGISTRATION COMPLETE message to the AMF to complete the ongoing registration procedure.

2.2 Current situation in stage 3 TS 24.501

As specified in TS 24.501 subclause 5.5.1.2.4 for initial registration procedure, the related text on UE handling on SoR can be found as below:

"If the REGISTRATION ACCEPT message includes the SOR transparent container IE and the SOR transparent container IE successfully passes the integrity check (see 3GPP TS 33.501 [24]):

a)
the UE shall proceed with the behaviour as specified in 3GPP TS 23.122 [5] annex C; and

b)
if the registration procedure is performed over 3GPP access and the UE attempts obtaining service on another PLMNs as specified in 3GPP TS 23.122 [5] annex C, then the UE may locally release the established N1 NAS signalling connection, otherwise the UE shall send a REGISTRATION COMPLETE message. If an acknowledgement is requested in the SOR transparent container IE of the REGISTRATION ACCEPT message, the UE acknowledgement is included in the SOR transparent container IE of the REGISTRATION COMPLETE message."
The above yellow text actually is aligned with case (1) in section 2.1, which means the UE will not send the REGISTRATION COMPLETE message to the AMF to complete the ongoing registration procedure.

"If:

a)
the UE's USIM is configured with indication that the UE is to receive the SOR transparent container IE, the SOR transparent container IE is not included in the REGISTRATION ACCEPT message or the SOR transparent container IE does not successfully pass the integrity check (see 3GPP TS 33.501 [24]); and

b)
if the UE attempts obtaining service on another PLMNs as specified in 3GPP TS 23.122 [5] annex C;

then the UE shall locally release the established N1 NAS signalling connection."
The above yellow text actually is aligned with case (2) in section 2.1, which means the UE will not send the REGISTRATION COMPLETE message to the AMF to complete the ongoing registration procedure.

The similar text can also be found in TS 24.501 subclause 5.5.1.3.4 for registration procedure for mobility and periodic registration update.
Observation 2: In stage 3, for the SOR performed during the registration, the UE handling on sending the REGISTRATION COMPLETE message is aligned with stage 2.

As specified in TS 24.501 subclause 5.5.1.2.4 for initial registration procedure, the related text on AMF handling on SoR can be found as below:

"If a 5G-GUTI or the SOR transparent container IE is included in the REGISTRATION ACCCEPT message, the AMF shall start timer T3550 and enter state 5GMM-COMMON-PROCEDURE-INITIATED as described in subclause 5.1.3.2.3.3."

The similar text can also be found in TS 24.501 subclause 5.5.1.3.4 for registration procedure for mobility and periodic registration update.

Observation 3: In stage 3, for the SOR performed during the registration, it is mandatory for the AMF to start timer T3550, i.e. to wait the REGISTRATION COMPLETE message from the UE.
2.3 Problems
Based on observations 1, 2 and 3, as there is no REGISTRATION COMPLETE message sent to the AMF and the AMF mandates to start T3550 to wait this message to complete the procedure, finally T3550 will expire and the abnormal case handling has to be performed at the AMF (see abnormal case c) in TS 24.501 subclause 5.5.1.2.8 and 5.5.1.3.8 as copied in Annex B of this paper). Note that for each subsequent retransmission, the UE will proceed the same, i.e. no REGISTRATION COMPLETE message sent to the AMF.
Problem 1: For the SOR performed during the registration, it will cause more often abnormal case handling at the AMF which creates unncessary signalling load and bad network KPI.

In case (1) in section 2.1, the UE will initiate another registration procecure via a new selected VPLMN (this can be guaranteed due to the condition "if the UE has a list of available and allowable PLMNs in the area and based on this list the UE determines that there is a higher priority PLMN than the currently camped chosen VPLMN" given in this case, see Annax A, step 7).b)), the new AMF will try to contact the old AMF (the serving AMF which is performing the abnormal case handling) using the 5G-GUTI provided by the UE (this 5G-GUTI was allocated by the old AMF) to retrieve the UE context. Hence, there will be no problem in this case as finally the UE will register to the new selected VPLMN which meet the home operator’s expectation on SoR.
In case (2) in section 2.1, it cannot be guaranteed that the UE can always select another available higher priority VPLMN and if this is the case, the UE has to come back to the current serving PLMN without initiating any update procedure as more likely the UE will return back to the same TAI list. At the same time, the AMF will retransmit the REGISTRATION ACCEPT message for four times and for each time, the UE will handle the same. If the SOR was performed during an initial registration procedure, finally, it will enter a bad situation: asynchronized 5GMM states between the UE and the network, i.e. it is in state 5GMM-REGISTERED at the UE but in state 5GMM-DEREGISTERED at the network. This will cause bad user experience, e.g. all MT services are not available, all MO services which triggers service request will be rejected by the network (e.g. rejected with 5GMM cause #10 "implicitly de-registered" which forces to re-registration).
Problem 2: For the SOR performed during the initial registration, it will cause asynchronized 5GMM states between the UE and the network, i.e. it is in state 5GMM-REGISTERED at the UE but in state 5GMM-DEREGISTERED at the network, which impacts the user experience very much.
2.4 Solutions

The main reason for these problems is due to misaligned UE behaviour and AMF behaviour on SOR during the registration: it is mandatory for the AMF to start timer T3550 to wait the REGISTRATION COMPLETE message sent by the UE but it gives a chance for the UE to not send the REGISTRATION COMPLETE message to the AMF.

Based on this, there are two solutions to resolve these problems:

Solution 1: To change the UE behaviour to mandate it to send the REGISTRATION COMPLETE message if the SOR transparent container IE was received.

Solution 2: To change the AMF behaviour to not start timer T3550 to wait the REGISTRATION COMPLETE message from the UE even if the SOR transparent container IE was sent to the UE.
Note that solution 2 does not impact the AMF to start timer T3550 for other parameters, e.g. 5G-GUTI, included in the REGISTRATION ACCEPT message.

For solution 1, we have found following drawbacks:
(1) It will delay the UE to perform SOR in all cases: The UE has to complete the ongoing registration procedure. As the SOR can only be performed in the idle mode, then if the UE following the common procedural handling of registration procedure, the UE needs to start T3540 in this case and waits the AMF to release the current N1 NAS signalling connection. This will take up to 10s which delays SOR too long time.
(2) It will prevent a flexible UE implementation for SOR: In case (1) of section 2.1, the UE actually has two options: either to release the current N1 NAS signalling connection locally to quickly perform SOR or to complete the registraton procedure and delay SOR for some while. In case (2) of section 2.1, as the security check of SOR information fails, then it does not make any sense to mandate the UE to complete the current registration procedure but just delays the SOR. The current handling in TS 23.122 to immediately local release the current N1 NAS signalling connection is more reasonable.

(3) It is complicated as has to update both stage 2 and stage 3 which requires more standard work.
Hence, we prefer solution 2 considering following additional points:

(1) It will not cause any side-effect: the SOR information was transparently transported by the AMF between the UDM and the UE, hence the AMF does not care the content of this IE. In case of the UDM requested the acknowledgement from the UE, it will clearly indicate this in the SOR information to the UE and based on this the UE shall send a REGISTRATION COMPLETE message to the AMF and then AMF forwards the UE acknowledgement to the UDM. Everything goes well without starting T3550. In case of the UDM does not request the acknowledgement from the UE, which means the UDM does not care whether the UE received/verified the SOR information. If the UDM does not care, why the AMF which just transparently transports the IE needs care whether the UE received/verified the SOR information?
(2) It is simpler as just needs to update stage 3.

Note that both solutions has no NBC (Non-Backward Compatibility) issue as: solution 1 only impact UE while solution 2 only impact the network.
Proposal: Solution 2 is adopted to resolve problem 1 and 2.

3. Conclusion
Based on the discussion, following problems were identified:
Problem 1: For the SOR performed during the registration, it will cause more often abnormal case handling at the AMF which creates unncessary signalling load and bad network KPI.

Problem 2: For the SOR performed during the initial registration, it will cause asynchronized 5GMM states between the UE and the network, i.e. it is in state 5GMM-REGISTERED at the UE but in state 5GMM-DEREGISTERED at the network, which impacts the user experience very much.
To resolve problems, following solutsions ware evaluated:

Solution 1: To change the UE behaviour to mandate it to send the REGISTRATION COMPLETE message if the SOR transparent container IE was received.

Solution 2: To change the AMF behaviour to not start timer T3550 to wait the REGISTRATION COMPLETE message from the UE even if the SOR transparent container IE was sent to the UE.
Based on evaluation, below proposal was provided:

Proposal: Solution 2 is adopted to resolve problem 1 and 2.

We believe this is an FASMO correction for SOR, hence it proposes to capture the proposal to Rel-15 in C1-191290 for TS 24.501.

Annex A
Related text excerpted from TS 23.122 Annex C.2:
"7)
If the steering of roaming information is received and the security check is successful, then:

a)
if the steering of roaming information contains a secured packet (see 3GPP TS 31.115 [67]), the ME shall upload the secured packet to the USIM using procedures in 3GPP TS 31.111 [41].

NOTE 1:
How the ME handles UICC responses and failures in communication between the ME and UICC is implementation specific and out of scope of this release of the specification.

When the ME receives a USAT REFRESH command qualifier (3GPP TS 31.111 [41]) of type "Steering of Roaming" it performs the procedure for steering of roaming in subclause 4.4.6 but it does not act as if timer T has expired; or

b)
if the steering of roaming information contains the list of preferred PLMN/access technology combinations, the ME shall replace the highest priority entries in the "Operator Controlled PLMN Selector with Access Technology" list stored in the ME with the received list of preferred PLMN/access technology combinations. Additionally, if the UDM has not requested an acknowledgement from the UE and if the UE has a list of available and allowable PLMNs in the area and based on this list the UE determines that there is a higher priority PLMN than the currently camped chosen VPLMN and the UE is in automatic network selection mode, then the UE shall either:

i)
release the current N1 NAS signalling connection locally, abort the ongoing registration procedure and then attempt to obtain service on a higher priority PLMN as specified in subclause 4.4.3.3 by acting as if timer T that controls periodic attempts has expired. In this case, steps 8 to 11 are skipped; or

ii)
not release the current N1 NAS signalling connection locally, and complete the registration procedure as specified in 3GPP TS 24.501 [64], and skip steps 8 to 10;

8)
If:

a)
the UE's USIM is configured with indication that the UE is to receive the steering of roaming information due to initial registration in a VPLMN , but neither the list of preferred PLMN/access technology combinations nor the secured packet nor the HPLMN indication that 'no change of the "Operator Controlled PLMN Selector with Access Technology" list stored in the UE is needed and thus no list of preferred PLMN/access technology combinations is provided' is received in the REGISTRATION ACCEPT message, when the UE performs initial registration in a VPLMN or if the steering of roaming information is received but the security check is not successful; and

b)
the current chosen VPLMN is not contained in the list of "PLMNs where registration was aborted due to SOR", not part of "User Controlled PLMN Selector with Access Technology" list , the UE is not in manual mode of operation and the PDU session for emergency services is not pending to be activated;

then the UE shall release the current N1 NAS signalling connection locally, store the PLMN identity in the list of "PLMNs where registration was aborted due to SOR" and attempt to obtain service on a higher priority PLMN as specified in subclause 4.4.3.3 by acting as if timer T that controls periodic attempts has expired, with an exception that the current PLMN is considered as lowest priority, and skip steps 9 to 12;

NOTE 2:
When the UE is in the manual mode of operation or the current chosen VPLMN is part of the "User Controlled PLMN Selector with Access Technology" list, the UE stays on the VPLMN.

"

Annex B
Abnormal case handling sepecified in TS 24.501:

In subclause 5.5.1.2.8 for initial registration procedure:
"c)
T3550 time-out


On the first expiry of the timer, the AMF shall retransmit the REGISTRATION ACCEPT message and shall reset and restart timer T3550. 


This retransmission is repeated four times, i.e. on the fifth expiry of timer T3550, the registration procedure for initial registration shall be aborted and the AMF enters state 5GMM-REGISTERED. If a new 5G-GUTI was allocated in the REGISTRATION ACCEPT message, the AMF shall consider both the old and the new 5G-GUTIs as valid until the old 5G-GUTI can be considered as invalid by the AMF or the 5GMM context which has been marked as de-registered in the AMF is released. During this period, if the old 5G-GUTI is used by the UE in a subsequent message, the AMF acts as specified for case a) above."
In subclause 5.5.1.3.8 for registration procedure for mobility and periodic registration update:
"c)
T3550 time out.


On the first expiry of the timer, the AMF shall retransmit the REGISTRATION ACCEPT message and shall reset and restart timer T3550. The retransmission is performed four times, i.e. on the fifth expiry of timer T3550, the registration procedure for mobility and periodic update procedure is aborted. Both, the old and new 5G-GUTI shall be considered as valid until the old 5G-GUTI can be considered as invalid by the AMF (see subclause 5.4.4.3). During this period the AMF acts as described for case a) above."
