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1.
Introduction

At SA1#77, SA1 sent an LS [1] to CT1 and CT6 providing an analysis of the current procedure for automatic network selection along with some questions, and asking CT1 and CT6 to comment on an attached SA1 CR proposing some optimisations.

The purpose of this document is to provide answers to SA1’s questions, and to provide feedback on the optimisations proposed by SA1, with a particular focus on which changes would be needed in CT1 specifications to implement these optimisations.

2.
Summary of SA1’s analysis in SA1 LS
In brief, the analysis in the LS makes following points: 

1. RPLMN search:

When searching for the RPLMN, the UE has to search on all RATs the UE supports. This is based on the following excerpt of TS 23.122 [2] subclause 4.4.3.1:
At switch on, or following recovery from lack of coverage, the MS selects the registered PLMN or equivalent PLMN (if it is available) using all access technologies that the MS is capable of and if necessary (in the case of recovery from lack of coverage, see subclause 4.5.2) attempts to perform a Location Registration.

2. HPLMN search
While TS 31.102 [3] subclause 4.2.54 suggests that when searching for the HPLMN, the UE can search only for the RATs included in the EFHPLMNwAcT file, in priority order (see “Contents: The Access Technology of the HPLMN that the ME will assume when searching for the HPLMN, in priority order”), TS 23.122 [2] subclause 4.4.3.1.1 bullet f) mandates instead the UE to search for all the RATs the UE support and states that no priority order is defined (see “In i, the MS shall search for all access technologies it is capable of. No priority is defined for the preferred access technology and the priority is an implementation issue, but "HPLMN Selector with Access Technology" data file on the SIM may be used to optimise the procedure’).

Based on this discrepancy, SA1 asked the following question:

SA1 Question 1: SA1 would like to ask if HPLMN search can be limited to the RATs indicated on the USIM for the HPLMN (TS 31.102)
3. Search for PLMNs on the user-controlled PLMN list
SA1 observed the following:

SA1 Observation 1: “For PLMNs on the user-controlled list there may not be an easy way to limit the search only to some RATs”.

It is not clear where this observation is coming from, since the user-controlled PLMN list consists of a list of PLMN/access technology combinations and therefore does include specific RATs to search for.
4. Search for PLMNs on the operator-controlled PLMN list

SA1 asked the following question:

SA1 Question 2: SA1 would like to ask if the UE can limit the search for PLMNs on the operator-controlled list to the RATs on the USIM for each PLMN.

3.
Proposed answers to SA1’s questions and observation 
3.1 About SA1 Question 1:
Based on the spec excerpts from TS 23.122 [2] and TS 31.102 [3] quoted by SA1, there is clearly a discrepancy between these 2 specifications, with the former explicitly mandating the UE to search for the HPLMN in all access technologies the UE is capable for, without any defined priority order and regardless of the contents of the EFHPLMNwAcT file, and the latter indicating that the UE searches the access technologies specified in the EFHPLMNwAcT file in priority order.

Since operators may not deploy all access technologies, the UE would waste time searching for access technologies that it is capable of but which are not deployed in the operators’ network. Therefore it would make senses to limit the search for the HPLMN

Proposed answer to SA1 Question 1:

There seems to be a discrepancy between TS 23.122 and TS 31.102, with the former explicitly mandating the UE to search for the HPLMN in all access technologies the UE is capable for, without any defined priority order and regardless of the contents of the EFHPLMNwAcT file, and the latter indicating that the UE searches the access technologies included in the EFHPLMNwAcT file in priority order.

In order to avoid having the UE search on access technologies that the UE support but that the HPLMN has not deployed, it is proposed to update TS 23.122 to allow the search for the HPLMN to be limited to the access technologies included in t in the EFHPLMNwAcT file.

3.2 About SA1 Obervation 1:
TS 23.122 [2] subclause 4.4.3.1.1 contains the following text regarding the user-controlled PLMN list:
The MS selects and attempts registration on other PLMN/access technology combinations, if available and allowable, in the following order:

i)
either the HPLMN (if the EHPLMN list is not present or is empty) or the highest priority EHPLMN that is available (if the EHPLMN list is present) ;

ii)
each PLMN/access technology combination in the "User Controlled PLMN Selector with Access Technology" data file in the SIM (in priority order);

(….)
When following the above procedure the following requirements apply:
(….)

c)
In ii and iii, the MS should limit its search for the PLMN to the access technology or access technologies associated with the PLMN in the appropriate PLMN Selector with Access Technology list (User Controlled or Operator Controlled selector list). 
Based on these requirements, when searching for PLMNs in the user-controlled PLMN list, the UE should limit the search to the specific RATs included in that list.
Proposed comment on SA1 Observation 1
It is not correct that “for PLMNs on the user-controlled list there may not be an easy way to limit the search only to some RATs”: the format of the User Controlled list is contained in defined in TS 31.102 subclause 4.2.5
and it allows to include specific RAT(s) associated with for each PLMN. In addition, when searching for a PLMN from the User Controlled list, TS 23.122 allows the UE to limit the search to the specific RATs associated with each PLMN in the User Controlled list.

3.2 About SA1 Question 2:
TS 23.122 [2] subclause 4.4.3.1.1 contains the following text regarding the operator-controlled PLMN list:
The MS selects and attempts registration on other PLMN/access technology combinations, if available and allowable, in the following order:
(….)
iii)
each PLMN/access technology combination in the "Operator Controlled PLMN Selector with Access Technology" data file in the SIM (in priority order);
iv)
other PLMN/access technology combinations with received high quality signal in random order;

v)
other PLMN/access technology combinations in order of decreasing signal quality.
(….)
When following the above procedure the following requirements apply:
(….)

c)
In ii and iii, the MS should limit its search for the PLMN to the access technology or access technologies associated with the PLMN in the appropriate PLMN Selector with Access Technology list (User Controlled or Operator Controlled selector list). 


(….)

d)
In iv and v, the MS shall search for all access technologies it is capable of, before deciding which PLMN to select.

Based on the above requirements, the UE may limit the search to access technologies included in the "Operator controlled PLMN selector with Access Technology " data file on the USIM, defined in TS 31.102 [3] subclause 4.2.53 - EFOPLMNwACT (Operator controlled PLMN selector with Access Technology). But after searching for all PLMNs and access technologies combinations included in the "Operator controlled PLMN selector with Access Technology" data file, if no PLMN is found, the UE is still mandated to search for all other remaining access technologies it is capable of. If the UE ends up selecting a PLMN/access technology combination not included in the operator-controlled list, it is possible that the location registration request may get rejected by the network due to non-existent roaming agreement. This could cause un-necessary signalling between the UE and the network, and service interruption at the UE.
Proposed answer to SA1 Question 2:
The format of the Operator Controlled list is contained in defined in TS 31.102 subclause 4.2.53 and it allows to include specific RAT(s) associated with for each PLMN. In addition, when searching for a PLMN from the Operator Controlled list, TS 23.122 allows the UE to limit the search to the specific RATs associated with each PLMN in the User Controlled list. However if no PLMN/RAT combination specified in the operator-controlled list is found, then UE is required to search all RATs it is capable of, followed by attempt to perform location registration on selected PLMN/RAT combination. Thus it is possible for the UE to attempt registration on PLMN/RAT combination not specified in the operator-controlled list. 
3.
Discussion on CR0248 to TS 22.011 (S1-171467)
The CR in S1-171467 [4] proposes to add 2 requirements in TS 22.011:
Proposed SA1 requirement #1 

The first requirement consists of the following:
A UE shall register and get service from the most suitable available PLMN as quickly and efficiently as possible.

In the case that the UE finds a suitable RPLMN, HPLMN, or EHPLMN in any Access Technology at the appropriate point in the search, the UE may end the search process
Proposed CT1 feedback on SA1 requirement #1:

It is currently not clear in TS 23.122 whether, when searching for the RPLMN or HPLMN/EHPLMN, the requirement of “using all access technologies that the MS is capable” means:

1. The UE has to search all the RATs it is capable of, even after it has found the RPLMN or HPLMN/EHPLMN on one given RAT; or

2. The UE has to go through all the RATs it is capable of until it finds the RPLMN or HPLMN/EHPLMN on one of these RATs, at which point the search is ended.or The above requirements are not clear. When UE attempts to find HPLMN/EHPLMN, the priority order of the access technologies that the UE will assume when searching for the HPLMN is set as per "HPLMN Selector with Access Technology" data file in USIM. When UE finds HPLMN or EHPLMN in any Access Technology supported by the UE, UE ends the search and attempts the registration on the selected PLMN/Access Technology combination. 
It does not seem useful for the UE to continue the search after the UE has already found the RPLMN or HPLMN/EHPLMN on one RAT. It is proposed update to TS 23.122 to clarify that #2 above is the correct interpretation.
Proposed SA1 requirement #2 

The second requirement consists of the following:
A HPLMN Selector with Access Technology data field exists on the USIM to allow the HPLMN to optimise the procedure of searching for the HPLMN.

In the case that the HPLMN Selector with Access Technology data file is present and the Access Technology element has been populated then the HPLMN may configure the UE to optimise the HPLMN search procedure by restricting the PLMN search to that specific set of Access Technologies.
Proposed CT1 feedback on SA1 requirement #2:

This requirement is currently not covered in TS 23.122. It will require making the following changes in that specification:
1. Enable the UE to restrict the search for the HPLMN only the access technologies included in the "HPLMN Selector with Access Technology" data file on the USIM. 
4.
Proposal

It is proposed to send a reply LS to SA1 with the answers and feedback listed in the previous sections. A corresponding draft reply LS is provided in C1-171384.
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