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1. Problem Statement 

Behaviour here is as described in 25.331 RRC specification.

When a terminal is in Cell_PCH state and it detects the “out-of-service” condition it starts timer T316. On expiry of T316, the UE transits to Cell_FACH and starts timer T317. If, before expiry of T317, the UE detects the “in-service” condition and re-enters the in-service area it performs a cell update. If however the timer T317 expires then the UE transits to idle mode. During this transition the UE clears the allocated U-RNTI and releases all of it’s radio resources. The UE informs the higher layers of this release, but does not inform the higher layers of being in an “out-of-service” area.

There is no way for the UTRAN to know that T316 & T317 were started/expired in the UE. The UTRAN continues to think that the terminal is in Cell_PCH/ URA_PCH state as it awaits a CELL UPDATE/ URA UPDATE message during the period defined by the timer T305. However the terminal has already transited to Idle mode due to the expiry of T316 & T317 due to being in an “out-of-service” area.  This is particularly so since the value of T305 can be much longer than that of T316 & T317. 

This leads to the loss of synchronisation of the RRC states between the UE and UTRAN i.e. the UTRAN believes the UE is still in RRC connected state of Cell_PCH/ URA_PCH, but the UE is in fact in Idle mode. 

During detection of “out-of-service” area the UE will run timers T316 followed by T317 before entering RRC idle mode and releasing all RRC resources. Following this the UE performs cell selection as defined in TS25.304 until it can camp on a cell. If the Routing Area Identity of the new cell is different from the previously stored RAI then the NAS will initiate a Routing Area Update, which will enable the UTRAN to recover the UE state synchronisation. Whereas if the available cell is on the same PLMN and in the same RA the UE will remain in camped normally “state”, i.e. in RRC idle mode.

Consequently the UE, after re-entering the “in-service” area and still in Idle mode, cannot be reached by paging. This is due to the UTRAN paging the UE using U-RNTI as the UE paging identity because it still assumes that the UE is in RRC Connected state. Whereas, the UE, in Idle mode will only recognise and respond to paging which uses a CN identity.

2.    Proposed Solution

It is proposed to fix the problem by requiring the UE to perform a RAU when re-entering service in the same location area, when in Idle mode.

2.1 Current Standards Status

It is already defined in TS23.060 that (relevant text highlighted);

In case of RRC connection release with cause "Directed Signalling connection re-establishment" or in case of an error, the PMM state of the MS and the 3G‑SGSN may lose synchronisation. In this case the MS may be in the PMM‑IDLE state while the 3G‑SGSN is in the PMM‑CONNECTED state. This situation is recovered by a successful RAU moving the MS to the PMM‑CONNECTED state, or by a failed downlink transfer with cause "IMSI unknown in RNC", triggering a paging procedure from the 3G‑SGSN.

Hence, a precedent is set for utilising the RAU in order to correct the synchronisation anomaly, and this is defined in 24.008 specification.

2.2 Use Cases

For the situation described within this paper, there can be several different scenarios;

1. UE reappears after expiry of T317 in different PLMN

Current behaviour: UE will send a RAU towards new network. New SGSN will carry out normal Inter-SGSN RAU procedure. Upon successful completion of the procedure, a Cancel Location message will be sent by the HLR towards the old SGSN, which will tear down the Iu and any RABs, resulting in synchronisation being re-established.

Specification Impact: Behaviour necessary is already covered in 3GPP specifications.

2. UE reappears after expiry of T317 in same PLMN but different RA

Action: UE will send a RAU towards network. Two possibilities here;

a. If the RAU is covered by a new SGSN, the Inter-SGSN RAU procedure is carried out. Upon successful completion of the procedure, a Cancel Location message will be sent by the HLR towards the old SGSN, which will tear down the Iu, and any RABs, resulting in synchronisation being re-established.

b. If the RAU is covered by the same SGSN, the SGSN will receive a RAU, realise that a synchronisation issue exists. At this stage (note authentication may be performed at this stage, if no P-TMSI signature exists in the RAU), once the SGSN has validated the UE identity, the SGSN will tear down the Iu, and any RABs resulting in synchronisation being re-established.

Specification Impact: Behaviour necessary is already covered in 3GPP specifications.

3. UE reappears after expiry of T317 in same PLMN and same RAU, without selecting any other PLMN or Routing Area

Action: UE will not do anything, until the periodic RAU timer expires, or it receives a page on the paging channel by the CN identity (TMSI, P-TMSI, IMSI)

Specification Impact: The UE will be mandated to carry out a RAU procedure when returning to the last registered PLMN, in the last registered RAU, after the T317 timer has expired, and whilst the Periodic RAU timer (T3312) is running. This will ensure that the UTRAN can re-establish the RRC connection state synchronisation with the UE. 

3.  Summary

Change requests in line with this proposal are provided in tdocs N1-030058, N1-030059, N1-030060
