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Introduction

This paper is a introductory document for the ad-hoc meeting. It’s objective is to explain the present R99 behaviour of R99 GSM and UMTS mobiles and is meant to be a starting point for further discussions on how to maintain service in R99 WBCDMA networks for R99 mobiles.

R99 of the RRC protocol allows under certain conditions for the UE to enter idle state “locally”. That is to say without any explicit signalling to the network. This paper discusses this subject and the consequences of this behaviour from the point of view of service availability.

GSM

In GSM R99 mobility is maintained by the BSS only when the mobile is on dedicated channel. This is performed by handover within GERAN. PS service when in dedicated mode is either suspended for Class B mobiles or is maintained by Class A mobiles (on DTM enabled infrastructure).

When in RR idle mode, service is maintained between the mobile and the CN by: cell selection and reselection procedures and LA update procedures in the mobile; and paging procedure initiated by the MSC and performed by the BSS towards the mobile on the paging channel.

The BSS plays a relatively transparent role between the MS and the MSC when the mobile is in RR idle and the mobile identity used by the MSC for paging is IMSI/TMSI. In general, there is no specific radio identity nor context known nor management by the BSS of mobiles in RR idle.

GPRS

In GPRS R99 mobility of the mobile in RR idle is once more transparent to the BSS. 

When in RR idle mode, service is maintained between mobile and SGSN by: cell selection and reselection and RA update procedures in the mobile; and paging procedure initiated by the MSC and performed by the BSS towards the mobile on common or packet PCH.

In RR idle, the BSS plays a relatively transparent role between the MS and SGSN and the mobile identity used by the SGSN is PTMSI. 

When packets are transferred to and from the MS to the SGSN using a TLLI which is derived directly from the PTMSI allocated in the RA. In reality it is more complex than this but in general this is the case. Any movement from one cell to another in the RA the mobile is required to perform cell update where upon packet transfer can restart in the new cell. This means that the handover is effectively initiated by the mobile and performed directly between the mobile and the SGSN (that is to say the BSC is transparent to this). Any movement from one cell to another cell in a different RA, the mobile is required to perform a RAU and after successfully completed (with a new PTMSI in the RA and thus a new TLLI) can restart packet transmission in the new cell.

Analysis of GSM/GPRS

The identity to which the mobile responds is that associated to the CN nodes based on IMSI/TMSI/PTMSI. Service can be still maintained when there is loss of TMSI/PTMSI by CN nodes (due to for example, reset of the VLR/SGSN) by use of the IMSI (albeit at the expense of system security). So in R99 GSM/GPRS the service is maintained to the mobile independent of major system problems.




UMTS

In UMTS R99 the concept of RRC states made up of RRC idle (the equivalent to RR idle), CELL DCH (equivalent to GSM dedicated channel states), CELL FACH, CELL PCH & URA PCH.

The SRNC is allowed to maintain an RRC connection made up of CELL FACH, CELL DCH, CELL PCH & URA PCH states. The maintenance of service when in RRC idle is as in GSM/GPRS. The maintenance of service in CELL DCH is as GSM dedicated channel states.

The need to support QoS and long lived PS connections and solve radio related mobility problems created two new states (i.e. CELL PCH and URA PCH) where no physical radio resources are dedicated to the mobile and allow mobility within UTRAN. In order to maintain these states when the mobile is RRC connected in URA PCH and CELL PCH, new identifiers were created U-RNTI and for CELL FACH and C-RNTI respectively.

When RRC connected (in states URA PCH or CELL PCH) the mobile maintains UTRAN mobility by performing cell selection (OOS) and reselection (IS) procedures plus URA and Cell update procedures. Paging is maintained between CN nodes and the mobile by paging co-ordination in the RNC using U-RNTI identifier allocated to the mobile via the RRC protocol.

When problems are encountered by the mobile for maintaining UTRAN mobility the mobile transits to RRC idle mode “locally” (that is without explicit signalling) and looses the identifiers allocated by UTRAN. The mobile is allowed to do this in the following cases:

· T316 and T317 expiry (that is when there is no radio coverage “Out Of Service Area” for the period of T316+T317);

· T302 expiry N302 + 1 times;

· T305 followed by T307 expiry (that is the case where the periodic location update could be performed).

T316 is used to ensure that the mobile doesn’t send too many Cell updates to UTRAN for periods of time when the mobile looses the network (for example, if a bus passes between a mobile and the base station, here the break may be of the order of tens of seconds). If a mobile comes back into coverage after T316 expiry but before T317 the mobile is required to perform cell update. The T316/T317 mechanism allows the UTRAN to reduce UTRAN paging for periods of time when the mobile is momentarily unable to respond to paging or out of service area.

There are presently no methods by which the UTRAN can reset the RRC state in R99 UE in the case of loss in the RNC of the RRC connection. This is a feature is introduced in R5 using Group reset procedure. Presently, no other practical mechanism that allows the UTRAN to signal to a single UE that the RNC has lost an RRC connection (other than paging all unused U-RNTIs). 

Analysis of UMTS

The fact that the RRC connection is maintained in UTRAN and the mobile is allowed to transit to idle state allows the RRC states to be desynchronised between UTRAN and UE. During these periods service between the CN and the UE is no longer possible unless specific inter-working is provided either by UTRAN or the UE.

The RRC de-synchronisation that can occur are as follows:

· Case A: UTRAN RRC connected, UE in RRC idle
Here, UTRAN pages with UTRAN Identities, UE discards this paging and will only respond to IMSI/TMSI/PTMSI Paging.


· Case B: UTRAN RRC idle, UE RRC connected
Here, UTRAN pages with IMSI/TMSI/PTMSI, UE discards this paging and will only respond to UTRAN identities.
The solution to this is in Rel5 Group release functionality.




Comparison of GSM/GPRS and UMTS

As far as GSM/GPRS is concerned the absence of an intermediate state (like RRC connected states, URA PCH, CELL PCH and CELL FACH) between the CN and the UE leads to any out of service condition under operator control at the MSC/SGSN. That is to say, any decision to not perform paging in the  case of a previous failure of paging is operator controllable and the GSM/GPRS paging channels should be dimensioned appropriately.

In UMTS R99 for case A: It is possible for UTRAN to be aware of the failure of CS paging or UTRAN paging when a UE is RRC connected (i.e. when there is an Iu connection to the SGSN) and thus the RNC can drop the Iu so that any subsequent page could be received by the mobile. However, due to the UE RRC behaviour (namely T316), the mobile may still be in RRC connected state therefore if UTRAN were to drop the Iu connection whilst in fact the UE is in Out Of Service with T316 running it will cause an de-synchronisation to occur and thus Case B could be entered.

In UMTS R99 for Case B: It is not possible for the UTRAN to be aware of the failure as it is up to the UE to detect that there is no RRC connection this can only be established when an access is made by the UE (For example, after T302 N302+1 times expiry) where the UE will go to idle and hopefully will re-establish the RRC connection.

In the case that Case B was caused by a Reset of an RNC processor the condition will only be solved in R5.

There is no mechanism in R99 RRC to indicate to the mobile that the RNC has lost the RRC connection will cause an out of service condition between the UE and CN for MT services. 




Coverage issues

GSM/GPRS systems have been in existence for 10 years and the coverage that they give is reasonable with respect to new UMTS coverage.  This together with the RRC behaviour in R99 poses some problems for new entrants (UMTS only operators) as the value of T316 is set in order to cater for initial service and coverage scenarios. This means that T316 is set reasonably large, hence the statistical possibilities that the page is lost is increased and if the solution of dropping Iu is performed in the RNC the situation of Case B would occur leading to an Out of Service condition until the UE performs access once more and only then will the situation be discovered.

It is possible for the mobile to have an Out Of Service Area condition for a period greater than T316 + T317, this means that the mobile can come back into In Service Area within the same RA and perform no signalling to announce its presence to the network. 

If one accepts that the strategy that the UTRAN drops Iu then this effectively mandates (if you want to maintain MT service) the CN to continue paging. This in turn is likely to cause an over load of the paging in UTRAN on both LA and RA.


R99 RRC Mobility
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The above figure shows the status of R99 RRC mobility states.




The following section shows the transitions/behaviour for “in service” and “out of service” states for URA PCH, CELL PCH and CELL FACH, T316 and T317 timers and IS and OOS events are shown.

It should be noted that T305 and T307 is not shown as these run in parallel to T316 and T317, the state transitions for these are shown in the next diagram.
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The following section shows the extra transitions for “in service” and “out of service” states for URA PCH, CELL PCH and CELL FACH but adding T305 and T307 timers.  T316 and T317 timer transitions are shown in the previous diagram.
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Note A: Transition from URA PCH CELL PCH (OOS) T316 running when T305 expiry is not presently clear in 25.331. The author has created the state CELL FACH (OOS) T307 running. The author believes that this is logical as when either T316 or T305 expires the mobile is mandated to perform cell update and since this is always accomplished by transiting to CELL FACH  this new state is created. 
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