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1. Introduction
Control plane Steering of Roaming (CP-SOR) is introduced in Rel-15 5GS. In 5GS, CP-SOR information is provided to the UE over NAS signalling. The home operator can request the UE to acknowledge the successful reception of SOR information by returning an ACK to the UDM.

This paper considers further enhancement of SOR for Rel-16.

2. Discussion
When the UE is in 5GMM-CONNECTED mode, upon receiving SOR information the release of the N1 signalling connection and performing higher priority PLMN search depends on UE implementation as the following;

TS23.122 Annex C.2

11)
If the UE has a list of available 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 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 after the release of the N1 NAS signalling connection. If the N1 NAS signaling connection is not released after implementation dependent time, the UE may locally release the N1 signaling connection; and

TS23.122 Annex C.3

3).
Upon receiving the steering of roaming information, if the UE shall perform a security check on the list of preferred PLMN/access technology combinations included in the DL NAS TRANSPORT message to verify that the list of preferred PLMN/access technology combinations is provided by HPLMN, and:

a)
if the security check is successful and:

-
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 (see 3GPP TS 31.111 [41]) of type "Steering of Roaming" it performs the procedure for steering of roaming in subclause 4.4.6;

-
otherwise, 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. If the UE is in automatic network selection mode, then the UE shall wait until it moves to idle mode or 5GMM-CONNECTED mode with RRC inactive indication (see 3GPP TS 24.501 [64]) before attempting 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.


If the last established PDU session is an emergency PDU session then the UE shall attempt to perform the PLMN selection after the release of the emergency PDU session and expiration of timer T.

If the UDM has not requested an acknowledgement from the UE then steps 3 and 4 are skipped; and

b)
if the security check is not successful and the UE is in automatic network selection mode, then the UE shall wait until it moves to idle mode or 5GMM-CONNECTED mode with RRC inactive indication (see 3GPP TS 24.501 [64]) before attempting 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. If the last established PDU session is an emergency PDU session then the UE shall attempt to perform the PLMN selection after the release of the emergency PDU session and expiration of timer T.


If the UDM has not requested an acknowledgement from the UE then steps 3 and 4 are skipped;
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.

Here, we need to consider the situation where it takes long time until N1 signalling connection is released due to consecutive communication (e.g., streaming services). In such a situation, the UE may not perform local release for higher priority PLMN search for a long time, until it enters IDLE mode or 5GMM-CONNECTED mode with RRC inactive state. So, there is a concern that many UEs during CONNECTED mode may not camp on the preferred VPLMN as HPLMN expects, which may cause unintended roaming tariff and heavy loss to home operators. Operators perform SOR as they have the desire to avoid such situations by all means. So, it is desirable for the home operator to control when the UE releases the N1 signalling connection locally and initiates higher priority PLMN search during 5GMM-CONNECTED mode based on operator policy.

Observation 1: It is desirable for the home operator to control when the UE releases the N1 signalling connection locally and initiates higher priority PLMN search during 5GMM-CONNECTED mode based on operator policy.

Additionally, for the UE to release the N1 signalling connection locally should also depend on the type of the ongoing communication. For example, if the UE has emergency PDU session, the UE obviously should not perform higher priority PLMN search until emergency PDU session is released. On the other hand, if the UE does not have any emergency PDU session and has one or more sessions only for internet services, then the UE may be expected to release the N1 signalling connection and perform higher priority PLMN search as soon as possible.

Observation 2: When the UE releases the N1 signalling connection locally and initiates higher priority PLMN search during 5GMM-CONNECTED mode should also depend on the type of communication (e.g., emergency IMS voice, non-emergency IMS voice, other internet services…).

3. Solutions

This paper proposes to introduce a new timer to be included in the SOR information in order to allow the home operator to control when the UE releases the N1 signalling connection locally, to enter idle mode, and performs higher priority PLMN search. Basically, if the UE during 5GMM-CONNECTED mode receives the new timer in the SOR information, the UE starts the new timer and upon the expiration of this timer it releases the N1 signalling connection locally and performs higher priority PLMN search.

However, the timer needs to be adjusted depending on the type of ongoing communication as stated in observation 2. Therefore, this paper proposes 3 alternatives:
Alt.1: The UDM indicates several new timers, one per communication type, and the UE uses the appropriate new timer based on the ongoing communication type. If several new timers are deemed valid, due to multiple ongoing communication types, then the longest timer is selected by the UE. 

Alt.2: The ongoing communication type is indicated from VPLMN’s AMF to HPLMN’s UDM, upon the request of the HPLMN, and the UDM indicates only one timer based on ongoing communication types.
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Alt.3: The UE is configured with several related new timers based on the communication types and operator policy.
Regarding Alt.1, timers for all communication types need to be sent to the UE over NAS signalling, despite the UE uses only one appropriate timer. 
Alt.2 requires the HPLMN to request the VPLMN AMF about the ongoing communication types for the UE, that may cause delay in providing the SOR information as well as allowing the UE time to possibly request or modify a PDU session that will again need to be reported to the HPLMN. 

Alt.3 has the benefit that the timers do not need to be sent over the radio/signalling, however updating the value of the timers require more efforts despite it should not happen often. Also if the operator policy is to set different timer values to different VPLMNs then this cannot be made on the fly. 

Therefore, it is preferable to allow the operator to have a combination of Alt.1 and Alt.3. If the UE is configured with the timers values (Alt.3) and receives new timers value with the SOR information (Alt.1) then the latter takes precedence.
Also Alt.3 can be used in the case when the security check is not successful.

4. Conclusion

This paper considers further enhancement for SOR allowing the home operator to control when the UE, during 5GMM-CONNECTED mode, performs local release and higher priority PLMN search with the following observations.

Observation 1: It is desirable for the home operator to control when the UE releases the N1 signalling connection locally and initiates higher priority PLMN search during 5GMM-CONNECTED mode based on operator policy.

Observation 2: When the UE releases the N1 signalling connection locally and initiates higher priority PLMN search during 5GMM-CONNECTED mode should also depend on the type of communication (e.g., emergency IMS voice, non-emergency IMS voice, other internet services…).
To allow network/operator controlled NAS signalling connection release prior to PLMN search, NTT DOCOMO recommends a solution that combines Alt.1 and Alt.3. A corresponding Stage-2 CR for Rel-16 can be found in C1-190097.
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