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1. 
Introduction

This document discusses aspects on UE behaviour with respect to PLMN and cell selection in Out-of-service. 

In section 2.1, PLMN and cell selection activities in out-of-service are analysed

In section 2.2, is a summary on the UE-UTRAN state inconsistency problem . 

In section 2.3, two network scenarios are analysed with respect to different UE OOS behaviours

Section 3, contains conclusions for R99 and later releases 

Note: In this document, aspects of the RPLMN (Registered PLMN) that are also applicapble for an Equivalent PLMN are not specifically mentioned.

2.
Discussion

2.1
PLMN/cell selection activities in Out-of-service

2.1.1
Some principles for PLMN and cell selection at loss of coverage, UE Idle Mode

According to the functional division between UE NAS and UE AS in idle mode (ref TS 25.304, Table 1): 


	UE AS
	Search for available PLMNs.[…] Report available PLMNs with associated PLMN type and RAT to NAS

	UE NAS
	Evaluate reports of available PLMNs from AS for PLMN selection



In case UE looses coverage of the serving cell, and UE, via cell re-selection evaluation, is unable to find a suitable cell, UE enters state Any Cell Selection [TS 25.304]. From the moment UE detects that the serving cell is no longer suitable, this takes 12s [TS 25.133]. In this state, the UE shall attempt to find an acceptable cell of any PLMN to camp on, trying all RATs that are supported by the UE. The UE, which is now not camped on any cell, shall stay in this state until an acceptable cell is found, irrespective of its PLMN identity. The details of this search are left for UE implementation, typically optimised for low UE battery consumption.

If an acceptable cell (i.e. a cell of any PLMN) is found, the UE shall inform the NAS and camp on this cell and obtain limited service (able to make emergency calls), state Camped on any cell. 

The possible subsequent actions of the NAS regarding the PLMN selection are specified in TS 23.122. In Automatic Network Selection Mode, in case UE registration in the cell is not prevented (i.e., the cell does not belong to a PLMN or LA stored by the UE in the ‘forbidden lists’), the UE attempts registration. If registration fails, or UE was prevented from registration, UE shall be able to make emergency call attempts on this PLMN. UE enters limited service state, and continues to search for other available PLMNs. In this state, the UE shall regularly attempt to find a suitable cell of the selected PLMN trying all RATs that are supported by the UE. The details of this search are left for UE implementation, typically optimised for low UE battery consumption. 

In case registration succeeds, UE has re-selected to another PLMN. If the UE is visitor in this PLMN, UE shall periodically search for and attempt to obtain service on its HPLMN or higher priority PLMN listed in "user controlled PLMN selector" or "operator controlled PLMN selector" fields on USIM. For this purpose, a value T minutes may be stored in the USIM. T is either in the range 6 minutes to 8 hours in 6-minute steps or it indicates that no periodic attempts shall be made. If no value is stored in the SIM, a default value of 60 minutes is used.

2.1.2
Principles for PLMN and cell selection at loss of coverage, UE RRC Connected Mode

In Cell_PCH/URA_PCH, it takes 12s from the moment UE detects that the serving cell is no longer suitable, until the UE declares Out-Of-Service [TS 25.133], and starts a timer T316. While the timer is running, UE shall [TS 25.331, section 7.2.2]:

if the UE is "out of service area":

2>
perform cell selection process as specified in [TS 25.304];

2> run timer T316;

:

In case UE regains coverage of the RPLMN while timer T316 is running, UE sends a CELL UPDATE message. 
In case timer T316 expires, UE shall enter Cell_FACH and start timer T317.
Value range for T316 is [0, 10, 20, 30, 40, 50, infinity] seconds.

In Cell_FACH, it takes 4s from the moment UE detects that the serving cell is no longer suitable, until the UE declares Out-Of-Service [TS 25.133], and starts a timer T317. While the timer is running, UE shall [TS 25.331, section 7.2.2]

if the UE is "out of service area":

2>
perform cell selection process as specified in [TS 25.304];

2> run timers […] T317[…];
:




In case UE regains coverage of the RPLMN while timer T317 is running, UE sends a CELL UPDATE message. 
In case timer T317 expires, UE shall locally enter Idle Mode.
Value range for T317 is [0,10, 30, 60, 180, 600, 1200, 1800] seconds.

The following interpretations of “perform cell selection process” are investigated: 

	Select cell of RPLMN only


	This interpretation is obviously supported by the expression “perform cell selection process”. 
UE will likely return to the original PLMN in RRC Connected mode, and, depending on current RRC state (T316 or T317 is running), transmit a CELL UPDATE message.

	Select cell of any PLMN for limited service
	We assume that this interpretation is quite complicated for a UE to support, as well as maintain the RRC Connection with the original PLMN. From a specification point of view, the following can be found:
- PLMN selection is a UE NAS feature [25,331].
- NAS has the functionality to detect whether a cell provides normal or limited service. The Protocol Architecture (“the Model”) does not contain a primitive that allows NAS to indicate limited service to higher layers. (TS 24.007]
- In RRC Connected Mode, NAS system info is not passed from RRC to higher layers [TS 25.331].


	Select cell of any PLMN for normal service
	The section 1 Scope of TS 23.122 (“The idle mode functions are also performed by a GPRS MS as long as no dedicated channel is allocated to the MS”) supports this interpretation
In case a PLMN with normal service is selected, UE will release the original RRC Connection. UE will likely return to the original PLMN in idle mode and trigger a registration.
In case a PLMN with limited service is selected, see above.


2.1.3
Some aspects on when UE should be allowed to re-select another PLMN in OOS 


For reliability reasons, emergency calls should be possible as soon as UE is within coverage of a PLMN that provides emergency call service.

For a user, service availability is critical. Not being able to enter and receive calls is annoying, in case there is coverage from another PLMN with roaming agreement.

For an operator, it might be prefereable to ‘lock’ UEs to his PLMN, despite the UE is out-of-coverage. Certainly, this should be possible in case UE is temporarily out-of-coverage, e.g. passing a tunnel. However, preventing the user from obtaining services from other PLMNs for longer times seems not acceptable. Especially for users visiting the PLMN (i.e., they could be allowed to roam to an available PLMN), and at country borders (international roaming), this effect becomes more apparent.

For PS services, it should also be considered that re-establishment of ongoing services via another PLMN requires extensive signalling UE-UTRAN-CN. 

It should be noted that TS 23.122, section 4.4.3.1, allows for a UE-dependent time before selecting another PLMN:

EXCEPTION: If registration is not possible on recovery from lack of coverage due to the registered PLMN being unavailable, a MS attached to GPRS services may, optionally, continue looking for the registered PLMN for an implementation dependent time.

Important for reliability is also that service availability is indicated to the user. Only for GSM (A/Gb mode), there are requirements that the UE shall give an indication to the user that service is available and not available [TS 23.122, section 4.6]. For UMTS, there seems not be any requirements on service indication. However, we assume that some out-of-service indication in a UE would be preferable, instead of e.g. indicating availability of the registered PLMN although no service is possible.

2.1.4
When camped in limited service on another PLMN, how does UE behave in case UE regains coverage of the RPLMN?

For the three different interpretations of UE PLMN/Cell selection actitivites when in OOS in RRC Connected mode, the following UE behaviour when regaining coverage of the original RPLMN can be expected:

It is currently unclear if UE appears in the RPLMN in idle mode (hence UE will not trigger transmission of any message, unless there is a change of LA/RA) or in RRC Connected Mode (in case T317 is running, UE will send a Cell Update).

2.1.5
Conclusion on PLMN/Cell selection


From the discussion above we make the following conclusion:

1. As soon as UE detects OOS, UE should be allowed to select another PLMN for limited service only (i.e, camp on the PLMN, but not perform registration).

2. Some time (fixed time or timer controlled by UTRAN) after UE detects OOS, UE should be allowed to select another PLMN for normal service (both Automatic and Manual Network Selection Modes).

3. A UE that is camped for limited services only on a PLMN should preferably, in case it regains coverage of the RPLMN, maintain the RRC Connection.

4. Service availability should be indicated to the user also in Iu mode (UMTS)

This UE behaviour in OOS for RRC Connected mode seems not completely covered by the functional division between NAS and AS for PLMN selection and Cell selection for idle mode. Further studies are needed in CN1 and RAN2. 

2.2
Inconsistenct State UE-UTRAN

During the Ad Hoc meeting on Paging problems, 24-25 April 2003, problems with state inconsistency UE-UTRAN were discussed.

· UE locally releases RRC Connection, but UTRAN keeps the RRC Connection and Iu connection

· UTRAN releases RRC Connection and Iu connection, but UE remains in RRC Connected mode

In the following cases, UE releases the RRC Connection locally notifying UTRAN

· UE behaviour in OOS, UE has remained in OOS until T317 expiry.
This case is discussed later in the document.

· UE is OOS and unable perform periodic Cell/URA Update (expiry of T305+T307)
Non-reception of a CELL UPDATE message after T305+T307 can be used by a UTRAN to release the RRC Connection and Iu connection. There is a risk that UE enters idle mode prior to UTRAN, however rather small.

· N302+1 CELL UPDATE message transmissions without UE reception of network reponse.
This case was by the Ad Hoc meeting considered has having low probability to occur.

· Inter-RAT cell re-selection from UTRAN to GSM
In case UTRAN and GSM cells share the same LA/RA, a UE in RRC Connected mode would, after a cell re-selection to a GSM cell,  possibly return to UTRAN in idle mode, without triggering transmission of any message.
This problem is solved by using separate LA/RA for UMTS and GSM cells, to the cost of additional signalling for registration.

At the Ad Hoc meeting, as it seemed impossible to resolve the state inconsistency in all possible cases, two methods were discussed:

(1) Paging using using both UTRAN and CN identities are required to reach UE for incoming calls or downlink data. 

(2) Mandate registration when UE regains coverage

Method (1) was preferred. If the 

2.3 Network Scenarios and possible UE OOS implementations

2.3.1
Network Scenarios


Two network scenarios are analised 

A. Operator with 3G+2G Coverage 

· 2G cells are defined as Inter-RAT cells

· Equivalent PLMN concept used

Analysis: 

The UE PLMN selection activities in OOS is less critical (or non-existing), since UE will normally via cell re-selection of a neighbouring cell (3G or 2G) maintain “in-service” prior to detecting OOS. 

In case UE looses 2G coverage before loosing 3G coverage, then the UE will detect OOS, and trigger Cell/PLMN selection activities. 

There are potential state inconsistency problems in case LA/RAs are shared between 2G and 3G cells, as discussed above. 

B. Operator with 3G only 

· Possibly “roaming aggreement” with another operator

Problems: 
This operator would prefer to ‘keep’ UEs in his network as long as possible (although the UE is OOS), i.e. prohibiting the UE from selecting another PLMN (e.g. 2G) for normal services.  

In case UE has selected and registered to another PLMN (e.g. 2G), the UE mechanism that would bring UE back to the original PLMN is the UE scanning for higher prioritised PLMN [ref TS 23.122, section 4.4.3.3]

In case UE looses 2G coverage before loosing 3G coverage, the UE will detect OOS, and trigger Cell/PLMN selection activities. 

2.3.2
Possible UE OOS implementations and consequences

The analyses of the network scenarios in the previous section showed that it is only the case where UE looses 3G coverage (and there is no coverage back-up from another network), that is subject to possible state inconsistency problems.

In the following, some alternative UE implementations

Alt 1: UE does not select another PLMN at all while T316/T317 are running. At expiry of T317, UE enters idle mode

Consequence: UE is not able to enter emergency calls while the timers T316 and T317 are running. 

Alt 2: UE selects another PLMN and enters limited service state while T316/T317 are running. At expiry of T317, UE enters idle mode, and may trigger selection of another PLMN for any service.

Consequence: UE is able to enter emergency calls, but prohibited for normal services while the timers T316 and T317 are running

Alt 3: UE performs PLMN selection while T316/T317 are running. At expiry of T317, UE enters idle mode

Consequence: UE will immediately when detecting OOS select any PLMN providing coverage, and register, if allowed. 

Alt 4: UE does not select another PLMN while T316/T317 are running. At expiry of T317, UE remains in RRC connected mode

Consequence: UE is not able to enter emergency calls while the timers T316 and T317 are running. Lower risk for state inconsisteny means that less number of CN pages needed.

Alt 5: UE does not select another PLMN for normal service while T316/T317 are running. At expiry of T317, UE remains in RRC connected mode, but may reselect to another PLMN.

Consequence: UE is able to enter emergency calls while T316/T317 are running. With the setting of T316+T317, the network operator is able to control when UE is allowed to perform Network selection. Lower risk for state inconsisteny means that less number of CN pages needed.

Alt 6: UE selects another PLMN for limited service, but not for normal service, while anew timer T3xx is running. At expiry of  T3xx, UE may select another PLMN for normal service. Timer T317 is removed, UE remains in RRC connected mode.

Consequence: UE is able to enter emergency calls while T316/T317 are running. With the setting of T3xx, the network operator is able to control when UE is allowed to perform Network selection. With the setting of T316, UE is able to control when a UE that has detected OOS in Cell/URA_PCH shall send Cell Update upon re-entry in coverage. Lower risk for state inconsisteny means that less number of CN pages needed

3
Conclusion

For R99: 

Problems are not so critical that this motivates late changes to R99 specifications. A UTRAN need to consider that UE implementations according to Alt 1, 2 and 3 exists. To enable UE selection of other PLMNs for normal service as well as emergency call service, a UTRAN should avoid use of longer T316/T317 timer values. To combat the problem with UE-UTRAN state inconsistency, UTRAN and CN paging should be used

For later releases: 

Changes should be considered that optimise the R99 behaviour to minimise signalling (for paging and registration) and improve service availability. This could potentially include e.g. 

· UE remains in RRC Connected mode at T317 expiry.

· UE remains in RRC Connected mode while being camped in limited service on another PLMN

· UE remains in RRC Connected mode with the original PLMN, in case registration is rejected by a PLMN.

· Introduction of new timer T3xx to control when UE is allowed to trigger Network selection (Alt 6 above). 







