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3
Requirements and technical solutions

The following subclauses list the main requirements of idle mode operation and give an outline of the technical solution.

3.1
PLMN selection and roaming

The MS normally operates on its home PLMN (HPLMN). However a visited PLMN (VPLMN) may be selected, e.g., if the MS loses coverage. There are two modes for PLMN selection:

i)
Automatic mode ‑ This mode utilizes a list of PLMNs in priority order. The highest priority PLMN which is available and allowable is selected.

ii)
Manual mode ‑ Here the MS indicates to the user which PLMNs are available. Only when the user makes a manual selection does the MS try to obtain normal service on the VPLMN.

There are two cases:

-
International Roaming ‑ This is where the MS receives service on a PLMN of a different country than that of the HPLMN.

-
National Roaming ‑ This is where the MS receives service from a PLMN of the same country as that of the HPLMN, either anywhere or on a regional basis. The MS makes a periodic search for the HPLMN while national roaming.

To prevent repeated attempts to have roaming service on a not allowed LA, when the MS is informed that an LA is forbidden, the LA is added to a list of "forbidden LAs for roaming" which is stored in the MS. This list is deleted when the MS is switched off or when the SIM is removed. Such area restrictions are always valid for complete location areas independent of possible subdivision into GPRS routing areas. The structure of the routing area identifier (3GPP TS 23.003) supports area restriction on LA basis.

If a "PLMN not allowed" message is received by an MS in response to an LR request from a VPLMN, that VPLMN is added to a list of "forbidden PLMNs" in the SIM and thereafter that VPLMN will not be accessed by the MS when in automatic mode. A PLMN is removed from the "forbidden" list if, after a subsequent manual selection of that PLMN, there is a successful LR. This list is retained when the MS is switched off or the SIM is removed. The HPLMN shall not be stored on the list of "forbidden PLMNs".

In A/Gb mode, an ME not supporting SoLSA may consider a cell with the escape PLMN code (see 3GPP TS 23.073) to be a part of a PLMN belonging to the list of "forbidden PLMNs".

Optionally the ME may store in its memory an extension of the forbidden PLMN list. The contents of the extension of the list shall be deleted when the MS is switched off or the SIM is removed.

If a "GPRS services not allowed in this PLMN" message is received by an MS in response to an GPRS attach, GPRS detach or routing area update request from a VPLMN, that VPLMN is added to a list of "forbidden PLMNs for GPRS service" which is stored in the MS and thereafter that VPLMN will not be accessed by the MS for GPRS service when in automatic mode. This list is deleted when the MS is switched off or when the SIM is removed. A PLMN is removed from the list of "forbidden PLMNs for GPRS service" if, after a subsequent manual selection of that PLMN, there is a successful GPRS attach. The maximum number of possible entries in this list is implementation dependant, but must be at least one entry. The HPLMN shall not be stored on the list of "forbidden PLMNs for GPRS service".
If a "Roaming location area prohibited on this PLMN" message is received by an MS, that location area is added to a list of "forbidden location areas for roaming" which is stored in the MS. The MS shall then search for a cell in the same PLMN but belonging to an LA which is not in the “forbidden LAs for roaming” list. The “forbidden LAs for roaming” list is deleted when the MS is switched off or when the SIM is removed.
4.3.3
List of states for location registration (figure 4)

The states are entered depending on responses to location registration (LR) requests. Independent update states exist for GPRS and for non-GPRS operation in MSs capable of GPRS and non-GPRS services. 

L1
Updated ‑ The MS enters this state if an LR request is accepted. The update status is set to "updated". The GPRS and the non-GPRS update state of a MS may enter "updated“ as a result of combined signalling or as a result of individual signalling depending on the capabilities of the network.

L2
Idle, No IMSI ‑ The MS enters this state if an LR request is rejected with cause:


a)
IMSI unknown in HLR;


b)
illegal ME;


c)
illegal MS;


d)
GPRS services and non-GPRS services not allowed;


or if there is no SIM. All update states of a MS enter this state regardless whether received by individual or combined signalling for events b) and c). Event a) has no influence on the GPRS update state. Events b), c) and d) results in "Roaming not allowed“ for the GPRS update state.


If a SIM is present, the non-GPRS update status of the SIM is set to "Roaming not allowed".

L3
Roaming not allowed ‑ The MS enters this state if it receives an LU reject message with the cause:


a)
PLMN not allowed;


b)
Location area not allowed;


c)
Roaming not allowed in this location area.

d) GPRS services not allowed in this PLMN 
e) Roaming location area prohibited in this PLMN

Exept from event d) all update states of the MS are set to "Roaming not allowed" regardless whether received by individual or combined signalling. Event d) results in "Roaming not allowed" for the GPRS update state only. Event d) has no influence on the non-GPRS update state.
The behaviour of the MS in the roaming not allowed state is dependent on the LR reject cause as shown in table 2 in clause 5. Additionally:

-
in automatic mode, "PLMN not allowed" and "roaming not allowed in this location area" cause the Automatic Network Selection procedure of subclause 4.4.3.1.1 to be started; it is also caused by "GPRS services not allowed in this PLMN" when received by a GPRS MS operating in MS operation mode C;

-
in manual mode, "PLMN not allowed" and "roaming not allowed" cause the Manual Network Selection procedure of subclause 4.4.3.1.2 to be started; it is also caused by  "GPRS services not allowed in this PLMN" when received by a GPRS MS operating in MS operation mode C.

L4
Not updated ‑ The MS enters this state if any LR failure not specified for states L2 or L3 occurs, in which cases the MS is not certain whether or not the network has received and accepted the LR attempt. The non-GPRS update status on the SIM and/or the GPRS update status are set to "not updated" depending on the specific location registration procedure and their outcome.

NOTE
This clause does not describe all the cases. For more details refer to 3GPP TS 24.008 [23]

4.4.6 Roaming location area prohibited in this PLMN
If in either PLMN selection mode the LR response "Roaming location area prohibited in this PLMN " is received:


The MS will attempt to find another LA of the PLMN on which it received the LR response. If the MS is able to find another LA it will attempt registration. If the MS is unable to find an LA the PLMN Automatic or Manual Mode Selection Procedure of subclause 4.4.3.1 will be followed, depending on whether the MS is in automatic or manual mode.

 5
Tables and Figures

Table 1: Effect of LR Outcomes on PLMN Registration

	Location Registration Task State
	Registration Status
	Registered PLMN is

	Updated
	Successful
	Indicated in the stored registration area identity

	Idle, No IMSI
	Unsuccessful
	No registered PLMN (3)

	Roaming not allowed:
	
	

	a) PLMN not allowed
	Unsuccessful
	No registered PLMN

	b) LA not allowed
	Indeterminate(1)
	No registered PLMN

	c) Roaming not allowed in this LA
	Indeterminate (2)
	No registered PLMN

	d) Roaming location area prohibited in this PLMN
	Indeterminate (4)
	No registered PLMN

	Not updated
	Unsuccessful
	No registered PLMN

	1 The MS will eventually either enter a different state when the registration status will be determined, or fail to be able to camp on a cell, when registration will be unsuccessful.

2 The MS will select the HPLMN if in automatic mode and will enter Automatic Network Selection Mode Procedure of subclause 4.4.3.1. If in manual mode, the MS will display the list of available PLMNs and follow the Manual Network Selection Mode Procedure of subclause 4.4.3.1.2 If the appropriate process does not result in registration, the MS will eventually enter the limited service state.

3 A MS may have different update states for GPRS and non-GPRS. A PLMN is registered when at least one of both update states is updated.

4 The MS will attempt registration on another LA of the same PLMN if one is available otherwise it will enter either the Automatic Network Selection Mode procedure of subclause 4.4.3 or follow the Manual Network Selection Mode procedure of subclause 4.4.3.1.2. If the appropriate process does not result in registration, the MS will eventually enter the limited service state.
NOTE 1:
MSs capable of GPRS and non-GPRS services may have different registration status for GPRS and for non-GPRS.

NOTE 2:
The registered PLMN is determined by looking at the stored registration area identity and stored location registration status.




Table 2: LR Process States and Allowed Actions

	Location registration
	New LR request when


	Normal Calls
	Paging responded

	task state
	Changing Cell
	Changing registration area
	Changing PLMN
	Other
	Supported (1)
	to

	Null (4)
	No
	Yes
	Yes
	No
	No
	No

	Updated, (5)
	No
	Yes
	Yes
	(2)
	Yes
	Yes

	Idle, No IMSI (7)
	No
	No
	No
	No
	No
	No

	Roaming not allowed:
	
	
	
	
	
	

	a) Idle, PLMN not allowed
	No
	No
	Yes
	No
	No
	Optional if with IMSI

	b) Idle, LA not allowed
	No
	Yes(6)
	Yes
	No
	No
	Optional if with IMSI

	c) Idle, Roaming not allowed in this LA
	No
	Yes(6)
	Yes
	No
	No
	Optional if with IMSI

	d) Roaming location area prohibited in this PLMN
	No
	Yes(6)
	Yes
	No
	No
	Optional if with IMSI

	Not updated
	Yes
	Yes
	Yes
	(2)&(3)
	(3)
	Yes if with IMSI

	1):
Emergency calls may always be made, subject to access control permitting it.

2):
A new LR is made when the periodic registration timer expires.

3):
If a normal call request is made, an LR request is made. If successful the updated state is entered and the call may be made.

4):
The MS is in the null state from switch on until it has camped on a cell and either made an LR attempt or decided that no LR attempt is needed.

5):
In this state, IMSI detach is performed if the MS is deactivated and the BCCH indicates that IMSI attach/detach shall be used. An LR request indicating IMSI attach is performed if the MS is activated in the same registration area in which it was deactivated while being in this state.

6):
A GPRS MS shall not perform a new LR when the new routing area is part of a LA contained in a list of forbidden LA.

7):
The GPRS registration status "Idle, no IMSI“ is entered when LR is rejected with cause "GPRS not allowed“. The non-GPRS registration status „Idle, no IMSI“ is entered when the cause "IMSI unknown in HLR“ is received. 
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