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1. Introduction

In the incoming LS from SA1 (S1-171468), SA1 informed CT1 that SA1 has discussed ways of improving the speed of network selection and also has been working on a CR that would allow the UE to find the network more quickly (S1-171467). This paper intends to discuss the analysis and questions raised in the LS from SA1 on network selection optimization and provide feedback and recommendations.  
2. Discussion
2.1 HPLMN Selector usage for HPLMN network selection 

According to 23.122 subclause 4.4.3.1.1, if there is no registered PLMN, or if RPLMN registration is not possible, the MS selects on other PLMN/access technology combinations 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);

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.

For i) when selecting HPLMN, the following additional requirements are specified:

f)
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.

g)
In i, an MS using a SIM without access technology information storage (i.e. the "HPLMN Selector with Access Technology" data file is not present) shall search for all access technologies it is capable of. The priority ordering amongst the access technologies is implementation dependent. A packet only MS which supports GSM COMPACT using a SIM without access technology information storage shall also assume GSM COMPACT access technology as the lowest priority radio access technology.

in above bullet f), the first sentence can be interpreted to mean that the UE has to search for all access technologies that the UE is capable of, however the second sentence does suggest that SIM data file "HPLMN Selector with Access Technology" may be used to optimise the search procedure. In addition, in g), it clearly specifies that the UE needs to search all access technologies it is capable of only if the "HPLMN Selector with Access Technology" data file is not present. 
Observation 1: "HPLMN Selector with Access Technology" data file in the SIM/USIM can be used to optimise the network selection procedure. If "HPLMN Selector with Access Technology" data file is present, HPLMN search can be limited to the RATs indicated on the USIM for the HPLMN. The UE needs to search all access technologies it is capable of if the "HPLMN Selector with Access Technology" data file is not present.
Proposal 1: It is proposed to clarify the HPLMN selection logic in bullet f) and g) above:

-  if "HPLMN Selector with Access Technology" data file is present, the MS should start its search for the HPLMN based on the access technology or access technologies included in the "HPLMN Selector with Access Technology" data file, not based on all RATs the UE supports;
-  on the other hand, if "HPLMN Selector with Access Technology" data file is not present, the MS then searches all access technologies it is capable of. 

2.2 Access Technology priority order for HPLMN network selection 

According to 31.102 subclause 4.2.52 where the "HPLMN Selector with Access Technology" data file in SIM is defined, the Access Technologies in the list is arranged in the priority order assumed by the ME when searching for the HPLMN and it is specified that the first Access Technology in the list has the highest priority.

4.2.54
EFHPLMNwAcT (HPLMN selector with Access Technology)

If service n°43 is "available", this file shall be present.

The HPLMN Selector with access technology data field shall contain the HPLMN code, or codes together with the respected access technology in priority order (see TS 23.122 [31]).

	Identifier: '6F62'
	Structure: Transparent
	Optional

	SFI: '13'
	

	File size: 5n (n ≥ 1) bytes
	Update activity: low
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	Bytes
	Description
	M/O
	Length

	1 to 3
	1st PLMN (highest priority)
	M
	3 bytes

	4 to 5
	1st PLMN Access Technology Identifier
	M
	2 bytes

	6 to 8
	2nd PLMN
	O
	3 bytes

	9 to 10
	2nd PLMN Access Technology Identifier
	O
	2 bytes

	:
	:
	
	

	(5n-4) to (5n‑2)
	nth PLMN (lowest priority)
	O
	3 bytes

	(5n-1) to 5n
	nth PLMN Access Technology Identifier
	O
	2 bytes


‑
PLMN

Contents: 


Mobile Country Code (MCC) followed by the Mobile Network Code (MNC).

Coding: 


according to TS 24.008 [47].

-
Access Technology:

Contents: The Access Technology of the HPLMN that the ME will assume when searching for the HPLMN, in priority order. The first Access Technology in the list has the highest priority.
Coding:

· See EFPLMNwACT for coding.

So when "HPLMN Selector with Access Technology" data file in the SIM/USIM is used to optimise the network selection procedure, there is a priority order for the access technologies included in the data file. However current bullet f) in subclause 4.4.3.1.1 of TS 23.122 states that there is no priority defined for the access technologies, this needs to be fixed:

f)
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.
Observation 2: When "HPLMN Selector with Access Technology" data file in the SIM/USIM is used to optimise the network selection procedure, there is a priority order for the access technologies included in the data file. The first Access Technology in the list has the highest priority.
Proposal 2: It is proposed to clarify the HPLMN selection logic in bullet i) above that each HPLMN/access technology combination in the "HPLMN Selector with Access Technology" data file in the SIM is considered during HPLMN selection process in the priority order indicated in the "HPLMN Selector with Access Technology" data file:

i)
each PLMN/access technology combination in the "HPLMN Selector with Access Technology" data file in the SIM (in priority order) where the PLMN is 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) ;

Proposal 3: Following proposal 1 and 2, the following question from SA1 LS can be answered as follows:

Question 1:

2. HPLMN search 

a. SA1 would like to ask if HPLMN search can be limited to the RATs indicated on the USIM for the HPLMN (TS 31.102) due to the “assumption” in the highlighted clause below.

b. HPLMN has to be searched on all RATs the UE supports (TS 23.122)

Answer for a):

"HPLMN Selector with Access Technology" data file in the SIM/USIM can be used to optimise the network selection procedure and HPLMN search can be limited to the RATs indicated on the USIM for the HPLMN.

Answer for b):

If "HPLMN Selector with Access Technology" data file in the SIM/USIM is used, the HPLMN should be searched based on the access technology or access technologies included in the "HPLMN Selector with Access Technology" data file, not based on all RATs the UE supports.
2.3 Access Technologies for User Controlled or Operator Controlled selector list
For PLMNs on the user-controlled list or PLMNs on the operator-controlled list, according to 23.122 subclause 4.4.3.1.1, the selection should be based on PLMN/access technology combinations: 

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

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

According to 31.102 subclause 4.2.5, the "User Controlled PLMN selector with Access Technology" data file contains the Access Technologies for each PLMN in this list:
4.2.5
EFPLMNwAcT (User controlled PLMN selector with Access Technology)

If service n° 20 is "available", this file shall be present.

This EF contains the coding for n PLMNs, where n is at least eight. This information is determined by the user and defines the preferred PLMNs of the user in priority order. The first record indicates the highest priority and the nth record indicates the lowest. The EF also contains the Access Technologies for each PLMN in this list. (see TS 23.122 [31])

Similarly according to 31.102 subclause 4.2.5, the "Operator Controlled PLMN selector with Access Technology" data file contains the Access Technologies for each PLMN in this list:

4.2.53
EFOPLMNwACT (Operator controlled PLMN selector with Access Technology)

If service n° 42 is "available", this file shall be present.

This EF contains the coding for n PLMNs where n is determined by the operator. This information is determined by the operator and defines the preferred PLMNs in priority order. The first record indicates the highest priority and the nth record indicates the lowest. The EF also contains the Access Technologies for each PLMN in this list. (see TS 23.122 [31])

Observation 3: SIM/USIM mechanism is available for configuring the access technologies associated with the PLMN in the appropriate PLMN Selector with Access Technology list (in the "User Controlled PLMN selector with Access Technology" data file or the "Operator Controlled PLMN selector with Access Technology" data file).
In addition, 23.122 further specifies that for ii) and iii) when selecting PLMN based on the "User Controlled PLMN selector with Access Technology" data file or the "Operator Controlled PLMN selector with Access Technology" data file, the search is limited to the access technologies associated with the PLMN in the appropriate PLMN Selector with Access Technology list:

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). 


An MS using a SIM without access technology information storage (i.e. the "User Controlled PLMN Selector with Access Technology" and the "Operator Controlled PLMN Selector with Access Technology" data files are not present) shall instead use the "PLMN Selector" data file, for each PLMN in the "PLMN Selector" data file, the MS shall search for all access technologies it is capable of. The priority ordering amongst the access technologies is implementation dependent.

Observation 4: If the "User Controlled PLMN selector with Access Technology" data file or the "Operator Controlled PLMN selector with Access Technology" data file is present, PLMN selection search should be limited to the access technologies associated with the PLMN in the appropriate PLMN Selector with Access Technology list. 
On the other hand, if the "User Controlled PLMN selector with Access Technology" data file and the "Operator Controlled PLMN selector with Access Technology" data file are not present, second paragraph of bullet c) specifies that the "PLMN Selector" data file should be used instead. However when comparing this requirement against existing bullet e):

e)
In ii, and iii, a packet only MS which supports GSM COMPACT, but using a SIM without access technology information storage (i.e. the "User Controlled PLMN Selector with Access Technology" and the "Operator Controlled PLMN Selector with Access Technology" data files are not present) shall instead use the "PLMN Selector" data file, for each PLMN in the "PLMN Selector" data file, the MS shall search for all access technologies it is capable of and shall assume GSM COMPACT access technology as the lowest priority radio access technology.

it can be seen that the requirements are in fact duplicated. The common condition the "User Controlled PLMN Selector with Access Technology" and the "Operator Controlled PLMN Selector with Access Technology" data files are not present is sufficient to cover both cases, the action taken in both cases is same as well. So it is proposed to remove the duplicated requirements in bullet c) and simplify the bullet e) to cover the generic case.

Observation 5: If the "User Controlled PLMN Selector with Access Technology" and the "Operator Controlled PLMN Selector with Access Technology" data files are not present, the "PLMN Selector" data file should be used instead. 
Proposal 4: It is proposed to clarify the PLMN selection logic in bullet c) and e) above:

- clarify the condition that if the "User Controlled PLMN selector with Access Technology" data file or the "Operator Controlled PLMN selector with Access Technology" data file is present, PLMN selection search is limited to the access technologies associated with the PLMN in the appropriate PLMN Selector with Access Technology list;

- remove the duplicated requirements in bullet c) and simplify the bullet e) to cover the generic case if the "User Controlled PLMN Selector with Access Technology" and the "Operator Controlled PLMN Selector with Access Technology" data files are not present.
Proposal 5: Following observation 3, 4 and 5, it is proposed to provide the following answers to question #2 and #3 from SA1 LS:
Question 2:

3. For PLMNs on the user-controlled list there may not be an easy way to limit the search only to some RATs

Answer:

SIM/USIM mechanism is available for configuring the access technologies associated with the PLMN in the appropriate PLMN Selector on the user-controlled list. When selecting PLMN based on the "User Controlled PLMN selector with Access Technology" data file, it is already specified in 23.122 that the UE should limit the search to the access technologies associated with the PLMN in the appropriate PLMN Selector on the user-controlled list.
Question 3:

4. 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?

Answer:

SIM/USIM mechanism is available for configuring the access technologies associated with the PLMN in the appropriate PLMN Selector on the operator-controlled list. When selecting PLMN based on the "Operator Controlled PLMN selector with Access Technology" data file, it is already specified in 23.122 that the UE should limit the search to the access technologies associated with the PLMN in the appropriate PLMN Selector on the operator-controlled list.
2.4 Feedback on SA1 TS 22.101 CR

Intention of SA1 CR S1-171467 is to provide optimization of network selection in case of an operator supporting only a subset of specific access technologies, cf reason for change:
PLMN selection mechanisms should operate as quickly as possible.

The PLMN selection may be optimised by enabling an operator to make information available about the radio access technologies available per PLMN and UEs using this information to reduce the ammount of scanning required per PLMN selection.
The proposed changes involve the following:

- Adds requirement that a UE may exit the PLMN search procedures at appropiate points when a suitable PLMN has been found in any access technology.
1) A UE shall register and get service from the most suitable available PLMN as quickly and efficiently as possible.
2) 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.

- Adds a requirement that the HPLMN Selector list with Access Technology may be used to optimise PLMN selection.

3) 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.
4) 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.

For change 1) question is what is the criteria for a PLMN to be considered as "most suitable available PLMN"? Also how to verify that the requirement "quickly and efficiently" is met? 
So far the following preferential order is used to select the network during automatic network selection:
1. RPLMN or equivalent PLMN if available
2. HPLMN or the highest priority EHPLMN if available
3. each PLMN/access technology combination in User-controlled list

4. each PLMN/access technology combination in the Operator-controlled list
5. other PLMN/access technology combinations with received high quality signal in random order;

6. other PLMN/access technology combinations in order of decreasing signal quality.
Now with change 2), it is unclear whether the above preferential order is still followed. In addition, based on existing 23.122 and 31.102 specifications, the SIM/USIM configuration mechanisms for HPLMN exist already to enable the UE to restrict the search to a list of pre-configured access technologies in priority order. If HPLMN/access technology combination is found, then the search process will be ended, so the change does not speed up the network selection if the UE is not in RPLMN coverage. 
For change 3), it is inline with what is specified in 23.122 and 31.102.
For change 4) about optimising the HPLMN search procedure by restricting the PLMN search to that specific set of Access Technologies, it appears that such mechanisms exist already and no other configuration is needed. Further 23.122 clarification is to be made to clarify that if the HPLMN Selector with Access Technology data file is present, then it should be used during HPLMN selection.  As a consequence, change 4) in 22.101 does not seem to be needed.  
Proposal 6: It is proposed to discuss the new requirements proposed in 22.101 CR and provide feedback to SA1. 
3. Conclusion

1). It is proposed to clarify existing network selection requirements in TS 23.122 based on the following proposals:
Proposal 1: It is proposed to clarify the HPLMN selection logic in bullet f) and g) above:

-  if "HPLMN Selector with Access Technology" data file is present, the MS should start its search for the HPLMN based on the access technology or access technologies included in the "HPLMN Selector with Access Technology" data file, not based on all RATs the UE supports;
-  on the other hand, if "HPLMN Selector with Access Technology" data file is not present, the MS then searches all access technologies it is capable of. 
Proposal 2: It is proposed to clarify the HPLMN selection logic in bullet i) above that each HPLMN/access technology combination in the "HPLMN Selector with Access Technology" data file in the SIM is considered during HPLMN selection process in the priority order indicated in the "HPLMN Selector with Access Technology" data file.

Proposal 4: It is proposed to clarify the PLMN selection logic in bullet c) and e) above:

- clarify the condition that if the "User Controlled PLMN selector with Access Technology" data file or the "Operator Controlled PLMN selector with Access Technology" data file is present, PLMN selection search is limited to the access technologies associated with the PLMN in the appropriate PLMN Selector with Access Technology list;

- remove the duplicated requirements in bullet c) and simplify the bullet e) to cover the generic case if the "User Controlled PLMN Selector with Access Technology" and the "Operator Controlled PLMN Selector with Access Technology" data files are not present.

Related 23.122 CR is provided in C1-171376.
2). It is proposed to answer SA1 LS based on Proposal 3 and Proposal 5. In addition, it is proposed to discuss the new requirements proposed in 22.101 CR and provide feedback to SA1.
Related draft LS reply is provided in C1-171377. 






































































