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*** change ***
1
Scope

The present document gives an overview of the tasks undertaken by the Core network protocols of a Mobile Station (MS) when in idle mode, that is, switched on but typically not having a dedicated channel allocated. It also describes the corresponding network functions. The idle mode functions are also performed by a GPRS MS as long as no dedicated channel is allocated to the MS. The conditions when the idle mode functions are performed by an MS in the UTRA RRC connected mode states are specified in 3GPP TS 25.331 [33]. The conditions when the idle mode functions are performed by an MS in the E-UTRAN are specified in 3GPP TS 36.304 [43]. The conditions when the idle mode functions are performed by an MS in the NG-RAN are specified in 3GPP TS 38.304 [61].

The present document defines the PLMN selection for a multi mode MS that supports both 3GPP and 3GPP2 systems. The common PLMN selection logic covers also PLMNs that are available in 3GPP2 system, but the present document makes no changes on the cdma2000® signalling towards networks that are available via 3GPP2 system.
The present document gives procedures for using the CSG cells, whenever such use is permitted.
The present document specifies the SNPN selection.
This 3GPP TS outlines how the requirements of the 22 series Technical Specifications (especially 3GPP TS 22.011 [9]) on idle mode operation shall be implemented. Further details are given in 3GPP TS 24.008 [23].

Clause 2 of this 3GPP TS gives a general description of the idle mode process. Clause 3 outlines the main requirements and technical solutions of those requirements. Clause 4 describes the processes used in idle mode. There is inevitably some overlap between these clauses.
NOTE:
cdma2000® is a registered trademark of the Telecommunications Industry Association (TIA-USA).
The present document describes the procedures for control plane solution of steering of roaming in 5GS in annex C.

Annex C is applicable to the MS, the AMF and the UDM in the 5GS.
The present document does not consider GERAN Iu mode.
*** change ***
2
General description of idle mode

When an MS is switched on, it attempts to make contact with a public land mobile network (PLMN) or stand-alone non-public network (SNPN). The particular PLMN or SNPN to be contacted may be selected either automatically or manually.

The MS looks for a suitable cell of the chosen PLMN or SNPN and chooses that cell to provide available services, and tunes to its control channel. This choosing is known as "camping on the cell". The MS will then register its presence in the registration area of the chosen cell if necessary, by means of a location registration (LR), GPRS attach, IMSI attach or registration procedure.

If the MS loses coverage of a cell, or find a more suitable cell, it reselects onto the most suitable cell of the selected PLMN or SNPN and camps on that cell. If the new cell is in a different registration area, an LR request is performed.

If the MS loses coverage of a PLMN or SNPN, either a new PLMN or SNPN is selected automatically, or an indication of which PLMNs or SNPNs are available is given to the user, so that a manual selection can be made.

Registration is not performed by MSs only capable of services that need no registration. 

The purpose of camping on a cell in idle mode is fourfold:

a)
It enables the MS to receive system information from the PLMN or SNPN. 

b)
If the MS wishes to initiate a call, it can do this by initially accessing the network on the control channel of the cell on which it is camped.
c)
If the PLMN or SNPN receives a call for the MS, it knows (in most cases) the registration area of the cell in which the MS is camped. It can then send a "paging" message for the MS on control channels of all the cells in the registration area. The MS will then receive the paging message because it is tuned to the control channel of a cell in that registration area, and the MS can respond on that control channel.

d)
It enables the MS to receive cell broadcast messages.

If the MS is unable to find a suitable cell to camp on, or the SIM is not inserted, or if it receives certain responses to an LR request (e.g., "illegal MS"), it attempts to camp on a cell irrespective of the PLMN identity or the SNPN identity, and enters a "limited service" state in which it can only attempt to make emergency calls or to access RLOS. An MS operating in NB-S1 mode, never attempts to make emergency calls or to access RLOS. An MS operating in SNPN access mode never attempts to make emergency calls.
If the MS is in eCall only mode, it attempts to camp on a suitable cell and enters an "eCall inactive" state in which it can only attempt an eCall over IMS, or a call to a non-emergency MSISDN or URI for test or terminal reconfiguration services as specified in 3GPP TS 31.102 [40].

If the MS is in eCall only mode and is unable to find a suitable cell to camp on, it attempts to camp on an acceptable cell in limited service state, and enters an "eCall inactive" state in which it can only attempt an eCall over IMS.
While in eCall inactive state, the MS does not perform LR with the PLMN of the cell on which the MS is camped.
In A/Gb mode, if the CTS MS is in CTS mode only or in automatic mode with CTS preferred, it will start by attempting to find a CTS fixed part on which it is enrolled.
The idle mode tasks can be subdivided into following processes:

-
PLMN selection;
-
SNPN selection (N1 mode only);
-
CSG selection (Iu mode and S1 mode only);
-
Cell selection and reselection;

-
Location registration; and
-
CTS fixed part selection (A/Gb mode only).

In A/Gb mode, to make this initial CTS fixed part selection, the MS shall be enrolled on at least one fixed part.

The relationship between these processes is illustrated in figure 1 in clause 5. The states and state transitions within each process are shown in figure 2a, figure 2b, and figure 3 in clause 5.

*** change ***
3.5
No suitable cell (limited service state)

There are a number of situations in which the MS is unable to obtain normal service from a PLMN or SNPN. These include:

a)
Failure to find a suitable cell of the selected PLMN or of the selected SNPN;

b)
No SIM in the MS; 

c)
A "PLMN not allowed" response when an LR is received;

d)
An "illegal MS" or "illegal ME" response when an LR is received (Any SIM or the corresponding entry of the "list of subscriber data" in the ME is then considered "invalid");
e)
An "IMSI unknown in HLR" response when an LR is received (Any SIM in the ME is then considered "invalid" for non-GPRS services);

f)
A "GPRS services not allowed" response when an LR of a GPRS MS attached to GPRS services only is received (The cell selection state of GPRS MSs attached to GPRS and non-GPRS depends on the outcome of the location updating), or an "EPS services not allowed" response is received when an EPS attach, tracking area update or service request is performed, or a "5GS services not allowed" response is received when a registration or service request is performed; or
g)
Power saving mode (PSM) is activated (see 3GPP TS 23.682 [27A]).

(In automatic PLMN selection mode, items a, c and f would normally cause a new PLMN selection, but even in this case, the situation may arise when no PLMNs are available and allowable for use).

For the items a to f, if the MS does not operate in in SNPN access mode, the MS attempts to camp on an acceptable cell, irrespective of its PLMN identity, so that emergency calls or access to RLOS can be made if necessary, with the exception that an MS operating in NB-S1 mode, shall never attempt to make emergency calls or to access RLOS. When in the limited service state with a valid SIM, the MS shall search for available and allowable PLMNs in the manner described in subclause 4.4.3.1 and when indicated in the SIM also as described in subclause 4.4.3.4. For an MS that is not in eCall only mode, with the exception of performing GPRS attach or EPS attach for emergency bearer services, performing registration for emergency services, or performing EPS attach for access to RLOS, no LR requests are made until a valid SIM is present and either a suitable cell is found or a manual network reselection is performed. For an MS in eCall only mode, no LR requests are made except for performing EPS attach for emergency bearer services or registration for emergency services. When performing GPRS attach or EPS attach for emergency bearer services, registration for emergency services, or performing EPS attach for access to RLOS, the PLMN of the current serving cell is considered as the selected PLMN for the duration the MS is attached for emergency bearer services, registered for emergency services, or attached for access to RLOS. In the limited service state the presence of the MS need not be known to the PLMN on whose cell it has camped.

For the items a and d, if the MS operates in SNPN access mode and the UE has a valid entry in the "list of subscriber data", the MS shall search for available and allowable SNPNs in the manner described in subclause 4.x.3.1. If the MS operates in SNPN access mode and the UE does not have any valid entry in the "list of subscriber data", the MS attempts to camp on an acceptable cell. When in the limited service state, no LR requests are made until a valid entry of the "list of subscriber data" is present and either a suitable cell is found or a manual network reselection is performed. In the limited service state the presence of the MS need not be known to the SNPN on whose cell it has camped.
There are also other conditions under which only emergency calls or access to RLOS may be made. These are shown in table 2 in clause 5. ProSe direct communication and ProSe direct discovery for public safety use can be initiated if necessary (see 3GPP TS 24.334 [51]) when in the limited service state due to items a) or c) or f). V2X communication over PC5 can be initiated if necessary (see 3GPP TS 24.386 [59]) when in the limited service state due to items a) or c) or f).

*** change ***
4.1
Process goal

The aim of the idle mode processes is to ensure that the registered PLMN is the selected PLMN and that the registered SNPN is the selected SNPN.

*** change ***
4.2
States description

Each of the processes of PLMN selection and SNPN selection, cell selection and location registration can be described by a set of states. The overall state of the mobile is thus a composite of the states of the three processes. In some cases, an event which causes a change of state in one process may trigger a change of state in another process, e.g., camping on a cell in a new registration area triggers an LR request. The relationship between the processes is illustrated in figure 1 in clause 5.

The states in which the MS may be, for each of the processes, are described below and illustrated in figures 2a, 2b and 3 in clause 5. For many of the states, a fuller description can be found in other Technical Specifications, and a reference to the Technical Specification is given after the state description.

In the event of any conflict between the diagrams and the text in the present document, the text takes precedence.

*** change ***
4.3
List of states

Editor's note: updates of list of states for SNPN is FFS.
*** change ***
4.4.1
Introduction

There are two modes for PLMN selection, automatic and manual. These are described in subclauses 4.4.3 below and illustrated in figures 2a to 2b in clause 5.

The MS not operating in SNPN access mode shall perform PLMN selection process.

The MS operating in SNPN access mode shall not perform PLMN selection process.
*** change ***
4.5.2
Initiation of Location Registration

An LR request indicating Normal Updating is made when, in idle mode,

-
the MS changes cell while the update status is "NOT UPDATED"; (for MS capable of GPRS and non-GPRS services when at least one of both update statuses is "NOT UPDATED") 

-
the MS detects that it has entered a new registration area, i.e., when the received registration area identity differs from the one stored in the MS, and the LAI, TAI or PLMN identity is not contained in any of the lists of "forbidden location areas for roaming", "forbidden tracking areas for roaming", "5GS forbidden tracking areas for roaming", "forbidden location areas for regional provision of service", "forbidden tracking areas for regional provision of service", "5GS forbidden tracking areas for regional provision of service", "forbidden PLMNs for GPRS service" or "forbidden PLMNs" respectively, while being in one of the following update statuses:

-
UPDATED;

-
NOT UPDATED;

-
ROAMING NOT ALLOWED. 
-
the MS detects that it has entered a registration area that has the same identity as the one stored in the MS, while the update status is "ROAMING NOT ALLOWED", and the LAI, TAI or PLMN identity is not contained in any of the lists of "forbidden location areas for roaming", "forbidden tracking areas for roaming", "5GS forbidden tracking areas for roaming", "forbidden location areas for regional provision of service", "forbidden tracking areas for regional provision of service", "5GS forbidden tracking areas for regional provision of service", "forbidden PLMNs for GPRS service" or "forbidden PLMNs" respectively.
-
the Periodic Location Updating Timer expires while the non-GPRS update status is "NOT UPDATED" (triggers Location Updating);

-
the Periodic Routing Area Update timer expires while the GPRS update status is "NOT UPDATED" (triggers Routing Area Update);

-
the Periodic Tracking Area Update timer expires while the EPS update status is "NOT UPDATED" (triggers Tracking Area Update);
-
a manual network reselection has been performed, an acceptable cell of the selected PLMN or the selected SNPN is present, and the MS is not in the update status "UPDATED" on the selected PLMN or the selected SNPN; or

-
emergency bearer services over packet services are requested by upper layers.
An MS which is attached for PS services and enters a new PLMN shall perform a routeing area update or a tracking area update or an MS which is registered via NG-RAN and enters a new PLMN or new SNPN shall perform a registration update if the following conditions are fulfilled:

-
if the MS is in S1 mode or N1 mode and the currently stored TAI list does not contain the TAI of the current serving cell;

-
the LAI, TAI or PLMN identity of the current serving cell is not contained in any of the lists "forbidden location areas for roaming", "forbidden tracking areas for roaming", "5GS forbidden tracking areas for roaming", "forbidden location areas for regional provision of service", "forbidden tracking areas for regional provision of service", "5GS forbidden tracking areas for regional provision of service", "forbidden PLMNs for GPRS service" or "forbidden PLMNs", or the MS has a PDN connection for emergency bearer services;
-
the current update state is different from "Idle, No IMSI"; and

-
the MS is configured to perform the attach procedure with IMSI at PLMN change (see "AttachWithIMSI" leaf of the NAS configuration MO in 3GPP TS 24.368 [50] or USIM file NASCONFIG in 3GPP TS 31.102 [40]) and the new PLMN is the registered PLMN or an equivalent PLMN; or

-
the MS is not configured to perform the attach procedure with IMSI at PLMN change.
If the new PLMN the MS has entered is neither the registered PLMN nor an equivalent PLMN, an MS which is attached for PS services and configured to perform the attach procedure with IMSI at PLMN change (see "AttachWithIMSI" leaf of the NAS configuration MO in 3GPP TS 24.368 [50] or USIM file NASCONFIG in 3GPP TS 31.102 [40]) shall perform an attach procedure using IMSI as mobile identity.

An LR request indicating Periodic Location Updating is made when, in idle mode, the Periodic Location Updating timer expires while the non-GPRS update status is "UPDATED".

An LR request indicating Periodic Routing Area Update is made when the Periodic Routing Area Update timer expires while the GPRS update status is "UPDATED", except when the MS is attached for emergency bearer services.

An LR request indicating Periodic Tracking Area Update is made when the Periodic Tracking Area Update timer expires while the EPS update status is "UPDATED", except when the MS is attached for emergency bearer services.

An LR request indicating Periodic Registration Updating is made when the periodic registration timer expires while the 5GS update status is "UPDATED", except when the MS is registered for emergency services.

An LR request indicating IMSI attach is made when the MS is activated in the same location area in which it was deactivated while the non-GPRS update status is "UPDATED", and the system information indicates that IMSI attach/detach shall be used.

A GPRS attach is made by a GPRS MS when activated and capable of services which require registration. A GPRS attach may only be performed if the selected PLMN is not contained in the list of "forbidden PLMNs for GPRS service". Depending on system information about GPRS network operation mode MSs operating in MS operation mode A or B perform combined or non-combined location registration procedures. When the combined routing area update or GPRS attach is accepted with indication "MSC not reachable" or is not answered the MS performs also the corresponding location updating procedure or falls back to a GPRS only MS. When the combined routing area update or GPRS attach is rejected with cause "GPRS not allowed" the GPRS update status is "ROAMING NOT ALLOWED" and the MS performs the corresponding location updating procedure.

Furthermore, an LR request indicating Normal Location Updating is also made when the response to an outgoing request shows that the MS is unknown in the VLR or SGSN, respectively.

Table 2 in clause 5 summarizes the events in each state that trigger a new LR request. The actions that may be taken while being in the various states are also outlined in table 2. 

A GPRS MS which is both IMSI attached for GPRS and non-GPRS services and which is capable of simultaneous operation of GPRS and non-GPRS services shall perform Routing Area Update in connected mode when it has entered a new routing area which is not part of a LA contained in the list of "forbidden location areas for roaming" or "forbidden location areas for regional provision of service".

*** change ***
4.5.5
No Suitable Cells In Location Area

If during location registration the LR response "No Suitable Cells In Location Area" or "No Suitable Cells In Tracking Area" is received:

-
The MS shall attempt to find another LA or TA of the same PLMN, the same SNPN, an equivalent PLMN on which it received the LR response. If the MS is able to find another LA or TA it shall attempt registration. If the MS is unable to find an LA or TA, the PLMN Automatic or Manual Mode Selection Procedure of subclause 4.4.3.1 or the SNPN Automatic or Manual Mode Selection Procedure of subclause 4.x.3.1 shall be followed, depending on whether the MS is in automatic or manual mode and whether the MS operates in SNPN access mode.

4.7
Pageability of the mobile subscriber

An MS is required to listen to all paging messages that could address it (see 3GPP TS 45.002 [24]), when the following conditions are all satisfied:

-
A SIM is inserted;
-
The MS is camped on a cell;
-
The MS is not in state "Idle, No IMSI"; and
-
The MS is not performing the task to search for available PLMNs or available SNPNs. (Whenever possible during this task, the MS should listen for paging.). However, when the MS is camped on a cell, is registered in a PLMN and is performing its regular search for a higher priority PLMN, as specified in 3GPP TS 22.011 [9], then it shall listen to all paging messages that could address it.

NOTE:
In A/Gb mode, during cell reselection there is a certain period when the MS is no longer camped on the old cell but must decode the full BCCH, CPBCCH or EC-BCCH before camping on the new cell. This leads to a period of slightly more than 8 51 frame multiframes when the MS will not necessarily be pageable (full BCCH or CPBCCH is decoded) or up to 32 51 frame multiframes when the MS will not necessarily be pageable (full EC-BCCH is decoded).

5
Tables and Figures

Editor's note: updates for the MS operating in SNPN access mode are FFS.
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) (4)

	Roaming not allowed:
	
	

	a) PLMN not allowed
	Unsuccessful
	No registered PLMN (4)

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

	c) Roaming not allowed in this LA or Roaming not allowed in this TA
	Indeterminate (2)
	No registered PLMN (4)

	d) No suitable cells in location area or No suitable cells in tracking area
	Indeterminate (5)
	No registered PLMN 

	e) Not authorized for this CSG
	Indeterminate (6)
	No registered PLMN

	Not updated
	Unsuccessful
	No registered PLMN (4)

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

2)
The MS will select the HPLMN (if the EHPLMN list is not present or is empty) or an EHPLMN (if the EHPLMN list is present) if in automatic mode and will enter Automatic Network Selection Mode Procedure of subclause 4.4.3.1.1. 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)
An 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 stored list of equivalent PLMNs is invalid and can be deleted.

5)
The MS will attempt registration on another LA or TA of the same PLMN, or equivalent PLMN if available.Otherwise it will enter either the Automatic Network Selection Mode procedure of subclause 4.4.3.1.1 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.
6)
The MS will attempt registration on another cell of the same PLMN, or equivalent PLMN if available.Otherwise it will enter either the Automatic Network Selection Mode procedure of subclause 4.4.3.1.1 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 or TA not allowed
	No
	Yes(6)
	Yes
	No
	No
	Optional if with IMSI

	c) Idle, Roaming not allowed in this LA or

Roaming not allowed in this TA
	No
	Yes(6,8)
	Yes
	No
	No
	Optional if with IMSI

	d) No suitable cells in location area or

No suitable cells in tracking area
	No
	Yes(6,8)
	Yes
	No
	No
	Optional if with IMSI

	e) Not authorized for this CSG
	No
	Yes (6,8)
	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):
An MS shall not perform a new LR when the new routing area is part of an LA or TA contained in any of the lists "forbidden location areas for roaming", "forbidden tracking areas for roaming", "5GS forbidden tracking areas for roaming", "forbidden location areas for regional provision of service", "forbidden tracking areas for regional provision of service", "5GS forbidden tracking areas for regional provision of service" or the new cell is a CSG cell which is not part of any of the lists "Allowed CSG list", "Operator CSG list".

7):
The conditions in which the GPRS and/or non-GPRS registration status "Idle, No IMSI" is entered are specified in subclause 4.3.3. 
8): 
A MS shall perform a LR if it has entered a registration area whatever the registration area stored in the MS.
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Figure 1: Overall Idle Mode process

The individual steps are the following (they are not necessarily executed in the number sequence):

(1) The PLMN selection mode is set (e.g. by the user via the user interface or by AT command).

(2) The list of available PLMNs is presented to the user, according to the rules given in subclause 4.4.3.1.2.

(3) In manual PLMN selection mode the user selects from the available PLMNs.

(4) If the MS supports CSGs, the list of available PLMNs and CSGs, together with an indication as to which of the available CSGs is in the Allowed or Operator CSG list, is presented to the user upon request. The detailed rules are defined in subclause 5.5.4 of 3GPP TS 22.220 [49].

(5) Only for MSs supporting CSGs: when camping on a cell, the available CSGs (with PLMN information) are conveyed to the CSG selection/restriction procedure (see subclause 3.1A).

(6) Only for MSs supporting CSGs: in manual CSG selection mode the user selects from the available CSGs.

(7) Only for MSs supporting CSGs: if the selected CSG is associated with the RPLMN, the MS performs selection of a cell belonging to this CSG.

(8) Only for MSs supporting CSGs: if the selected CSG is associated with a PLMN different from the RPLMN, the MS enters the PLMN selection process and performs the parts applicable after manual selection of a PLMN.

(9) After it has selected a PLMN, the MS performs selection of a cell belonging to this PLMN; this selection is additionally restricted by the selected CSG, if the PLMN selection was triggered by a manual CSG selection.

(10) After having selected a new cell and the registration area has changed, the MS shall enter the LR process (see figure 3).

(10a) A MS's CM requests may lead to a registration request.

(11) If the LR is not successful, and if the cause received from the network does not exclude the RPLMN, the MS performs another cell selection (i.e. cell re-selection) within the RPLMN.

(12) The information on available PLMNs, as detected by the cell selection process from detectable broadcast information, is made available to the PLMN selection process.

(13) If the LR is not successful, and if the cause received from the network excludes the RPLMN, the MS performs PLMN selection.

(14) The positive result of cell selection (suitable cell and in updated state, or in connected mode having been camped on a suitable cell) and location registration (updated, for MSs capable of services requiring registration) is indicated to the user.
Possible sequences of steps are e.g.:

1) 1( 2 ( 3 ( 9 ( 10 ( 11 (manual PLMN selection, MS is not CSG capable)

2) 1 ( 9 ( 4 ( 5 ( 6 ( 8 ( 9 ( 10 ( 11 (automatic PLMN selection, MS is CSG capable, manual CSG selection);
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Figure 2a: PLMN Selection State diagram (automatic mode)
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Figure 2b: PLMN Selection State diagram (manual mode)
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Figure 3: Location Registration Task State diagram
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