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1. Introduction
CT1 are receiving an LS from SA2 on PLMN and RAT selection policies for roaming in the context of the 5GS_Ph1-CT work which require action from CT1 (see S2-175286/C1-172866 [1]).

The CT1 work on 5GS is currently under study phase and the network selection aspects are not complete yet (see 3GPP TS 24.890 [2]). While it is expected that CT1 continue working on 5GS, CT1 should consider the information provided by SA2 and analyze other systems methods (used by GPRS, EPS), e.g., steering of roaming functionality (see 3GPP TS 23.122 [3]), in order to see whether those methods are good enough and fulfil the outlined requirements by [1]. This paper analyzes the LS and current standardized method, and finally it discusses proposals for how to reply to SA2.

2. Discussion
SA2 propose to define a standardized mechanism to allow a given HPLMN means of providing its roaming subscriberss with information about preferred networks (VPLMN) and RAT(s) depending on the UE current location.

SA2 indicate that already in 2G/3G/4G the home network has means of providing preferred roaming partners by means of rejection of attach, LAU, RAU, TAU procedure or partly proprietary means based on, e.g., OTA commands. However, present mechanisms are not satisfactory. Quote:
“
Such mechanisms are not fully satisfactory because: 
· selective rejection of protocol messages is not meant for this purpose, which is inefficient and may cause a bad user experience because the UE may select again a PLMN not preferred by the HPLMN and be rejected again, in particular if the UE is not in the coverage of the PLMN preferred by the HPLMN.
· OTA commands over SMS-MT may only take effect the next time the UE makes a PLMN selection.
· the VPLMN is not able to understand what is happening (e.g. may behave as if there is an outage).
“

Stage 2 on network selection under CT1 resposability (3GPP TS 23.122 [3]) provides a method to provide preferred roaming partners called steering of roaming (see sub-clause4.4.6  of 3GPP TS 23.122 [3]). In short, the steering of roaming method specified by CT1 allows home network operator to provide to the UE preferred roaming partners and RATs by updating dynamically the preferred PLMN lists stored in the USIM which can be based on the subscriber’s current zone. The steering of roaming methods uses the SIM application toolkit Refresh command to enable as soon as possible effect after roaming list updates are provided to the UE. Quote of 3GPP TS 23.122 [3]:
“
c)	take the new information into account in subsequent attempts to access a higher priority PLMN; and 
d)	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.
”

Observation 1: 3GPP provides a standardized method based on the steering of roaming requirements outlined by 3GPP TS 23.122 [2] which can be used by the HPLMN.

The use of the steering of roaming method requires SS7/Diamerter provisioning of roaming preference based on real-time roaming events such attach request, location updating request, routing area updating request, etc so partial proprietary means are in fact used today. Even more, in many cases the use of only the standardized methods is not enough so additional specialized SIM application toolkits are available.

Additionally, rogue network operators can attempt to circumvent the GSMA rules based on steering of roaming (GSMA IR.59, IR.73). Again proprietary methods are deployed to detect anti steering events down to the signalling message level.

Further to that, network operators have indicated that the priority order of PLMNs is required to be specified per country based on the UE’s location for the registered to preferred roaming partner (e.g., for a UE roaming in country called A, the highest priority PLMN is PLMN A while in country called B, the highest priority PLMN would be a different PLMN (PLMN B). This is independent of the priority order of preferred PLMN lists stored in the USIM. Hence, the standardized steering method alone does unfortunately not satisfy all operator’s expectations. Note that based on the current steering of roaming method the UE even if the UE in country A is configured with a correct PLMN A as highest priority PLMN and registered to it, if the UE needs to performs inter-system change due to CSFB or is out of coverage of PLMN A, an available PLMN C (being equivalent to PLMN B and having overlapping coverage with PLMN A) can be selected following 3GPP TS 23.122 algorithm.

Observation 2: SA2 are correct that the standardized method alone is not enough and also drawbacks exist in the field when using the standardized method which results in UEs registering to non-preferred roamer partner.

SA2 want to define a standardized method with the following requirements, quote of [1]:
“
SA2 would like to submit for consideration the following requirements:
· a control plane solution is used from the HPLMN to the UE.
· VPLMN is able to relay this information to the UE.
· VPLMN shall not be able to alter the information sent by the HPLMN; i.e. UE needs to be able to check the integrity of the information provided to it.
· UE shall be able to detect if VPLMN alter or remove those information and act accordingly.
“

The steering of roaming method cannot fulfill all requirements when considering current 3GPP TS 23.122 [3] but a new method based on control-plane signaling as proposed by SA2 could be studied by CT1 to analyze whether the requirements could be fulfilled. 

Observation 3: The SA2 outlined requirements cannot be fulfil by the present steering of roaming method.

However, CT1 would need to wait for potential SA1 view and requirements before moving into specification work. Other working groups would need to be involved to complete the standardization work of the new method (e.g., SA3 should be asked to confirm ensuring end-to-end security of the information being sent from the HPLMN to the UE via a VPLMN). Anyhow, CT1 should be able to start study of requirement by documenting expected requirements and solutions in the study being done in the 3GPP TR 24.890 [2].

Based on the SA2 provided requirements a new control-plane signalling method would be based on the UE receiving PLMN preferences for roaming together with RATs from the home network (HPLMN) even when roaming (through a VPLMN) and storing this information for further use (at switch-on, recovery from lack of coverage). If the UE detects that the information have been altered, the UE will not considered the information received. If the information is genuine, then the UE should attempt to search for a preferred PLMN based on the information received.

Proposal 1: CT1 should reply to SA2 indicating that can acknowledge that the current standardized method of steering of roaming has drawbacks and confirm that it does not satisfy the requirements outlined by the LS. CT1 can study the requirements but need to wait for other groups to be able to move to specification phase as SA1 and potentially other working groups need to be involved in the work.

Proposal 2: CT1 should use 3GPP TR 24.890 [2] to first capture the new requirements and start study work on the requirements. Section 5 of the TR already provides a placeholder for starting the work.

3. Conclusion
This paper shows that there is standardized method called steering of roaming in 3GPP TS 23.122 [3] used in, e.g., GPRS, EPS, which can provide preferred PLMN for roaming and RATs to the UE. However, the present standardized method is not satisfactory and cannot fulfil the SA2 requirements. CT1 can start work on studying the new requirements by using the section 5 of the 3GPP TR 24.890 [2] and potential solutions. There is some need for co-ordination of the work with other working groups (e.g., SA1, SA3) before CT1 moving to specification phase of any solution to the requirements.
 
The authors of this paper propose a reply LS to capture the proposals of this paper in C1-173186.
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