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1 Introduction

The way to handle Mobility Management (MM) is fundamentally different in UMTS and GSM/GPRS. In GSM/GPRS all the MM is handled by the CN while in UMTS, UTRAN handles a part of the mobility when the UE is in PMM-CONNECTED mode. The position of an UE in UTRAN is only known to the core network with the accuracy of a routing area (PMM-IDLE state) or of a Serving-RNC (PMM-CONNECTED), but never at a cell level, while this is the case in GSM/GPRS. It is then up to the RAN to track the MS in the PMM-CONNECTED mode.

This paper proposes two alternative RRC models for GERAN. The first one is a three states RRC model that reuses most of what exists today in GSM/GPRS, and introduces a new state inspired by the UTRAN model to deal with the way the mobility management is handled when connected to an Iu interface. This first model has already been presented in TSGG-(00)0218 in Seattle. The second model includes four states and is similar to the UTRAN model described in [1]. The consequences of adopting one or the other model are investigated in chapter 4.

2 MM and RR states in UTRAN and GSM/GPRS

2.1 MM states
The adoption of the Iu interface for GERAN implies the adoption of the UMTS MM model, which compares to the GSM/GPRS model as follow:
· The PMM-DETACHED state in UMTS is similar to the IDLE state in GSM/GPRS: in this state, the mobile is not attached to the mobility management, and its location is not known to the SGSN. 

· The PMM-IDLE state in UMTS is similar to the STANDBY state in GSM/GPRS: in this state, the subscriber has attached to the MM, and the MS location is known to the SGSN with the accuracy of a routing area.

· The PMM-CONNECTED state in UMTS and the READY state in GSM/GPRS are different: in the GSM/GPRS READY state, the SGSN knows the location of the subscriber at the cell level, and is informed of every cell change of the user. In UMTS, the SGSN only knows the position of a user in PMM-CONNECTED mode with the accuracy of a Serving-RNC. The location of the MS in PMM connected mode is tracked by the Serving-RNC.

2.2 UTRAN RRC states in PMM-CONNECTED state

In this part, we compare the UTRAN RRC modes in PMM-CONNECTED state to the GSM/GPRS RR states. These states are described in [1].

· The UTRAN CELL-DCH state can be roughly compared to the GSM Dedicated mode, since dedicated physical resources are allocated to the user in both cases. In that case, handover is performed at cell change. For GERAN, this corresponds to the situation where a user has been allocated some dedicated physical resources (possibly together with additional shared physical resources).

· The UTRAN CELL-FACH state can be roughly compared to the GPRS Packet TRANSFER mode (defined as a MAC RR-sublayer in [2]), since in both cases, shared physical resources are allocated to the user. Cell update is performed at cell change. For GERAN, this corresponds to the situation where a user has been allocated some shared physical resources.
· The UTRAN CELL-PCH state has no real equivalent in GPRS: the MS uses DRX to monitor a PCH, and initiates cell update procedure on cell change, so from this point of view, it can be compared to the GPRS Packet IDLE mode (which is a MAC RR mode, defined in [2]). But in GPRS, no real paging is needed to reach a MS that is in that state: when the network needs to reach the MS, a PACKET DOWNLINK ASSIGNMENT message is sent on the (P)CCCH of the MS.
· The UTRAN URA-PCH state has no equivalent in GSM/GPRS: in that state, the user uses DRX to monitor a PCH. The position of the mobile is known to the UTRAN with the accuracy of an URA. In that case, the user does not need to signal every cell change but still keeps its RRC context (RRC connection, RB and RAB attributes), while it would loose it by moving to the PMM-IDLE state. This allows for considerable savings of signaling and faster access time. 

3 Three states RRC model
A first solution is to keep the TBF management related functions at the MAC layer. This results in a three states RRC model, as shown in figure 1. Table 1 shows the relation between RRC modes and MAC RR-sublayer modes.
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Figure 1: RRC modes and Mode Transitions – three states alternative

RRC mode
Idle
GRA-PCH
CELL-Shared
CELL-Dedicated

MAC RR mode
No state
No state
Packet IDLE Mode
Packet TRANSFER Mode
Packet TRANSFER Mode

Table 1: RRC Modes and MAC RR Modes

3.1 Idle Mode

The user in that state is not known to GERAN, and does not have any RRC connection. In this state, the user is identified by non-access stratum identities such as IMSI, TMSI and P-TMSI. The GERAN connected mode is entered when the RRC connection is set up ([3]). The user is then assigned a radio network temporary identity (RNTI) to be used as a user identity on the common control channels.

3.2 Connected Mode

3.2.1 CELL-Dedicated mode

The CELL-Dedicated mode is characterised by:

· One or more dedicated physical subchannels are allocated to the user in uplink and downlink. The mobile can also be allocated additional shared resources in this case.

· The UE is known on cell level according to its current active set. 

In this state, handover is performed on cell change. The MAC RR mode for a user in CELL-Dedicated state is necessarily Packet TRANSFER mode. If several RABs are active for this MS, the MAC layer will allocate TBFs to the RABs that use shared MAC mode. TBFs are not needed for Dedicated bearers, since the RABs in that case are tied to the physical resources that have been allocated for them.

The CELL-Dedicated mode is entered from the Idle mode through the setup of an RRC connection, or by establishing a dedicated physical channel from the CELL-Shared mode.

From the CELL-Dedicated mode, a user can move to the Idle mode, when the RRC connection is released, or to the CELL-Shared mode.
3.2.2 CELL-Shared mode

In CELL-Shared mode, the user shall perform cell update on cell change. Transitions can occur from the CELL-Shared mode to the CELL-Dedicated mode, the GRA-PCH mode, or the Idle mode via explicit signalling and vice-versa.

Two sub-states of the CELL-Shared mode are defined by the MAC RR modes: Packet IDLE mode and Packet TRANSFER mode.

3.2.2.1  Packet IDLE mode

The Packet IDLE mode is characterised by:

· No temporary block flow exists.

· The MS uses DRX or non DRX to monitor the relevant paging subchannels on PCCCH, if such is present in the cell. If a PCCCH is not present in the cell, the MS monitors the relevant paging subchannels on CCCH.

3.2.2.2  Packet TRANSFER mode

The Packet TRANSFER mode is characterised by:

· The MS is allocated radio resource providing a TBF for a physical point-to point connection on one or more packet data physical channels for the unidirectional transfer of RLC data blocks between the network and the MS. Concurrent TBFs may be established in opposite directions.

3.2.3 GRA-PCH mode

This mode is characterised by:

· No physical resources are allocated to the UE.

· The MS uses DRX for monitoring a (P)CCCH.

· No uplink activity is possible.

· The location of the MS is known on GERAN Registration Area level, according to the GRA assigned to the MS during the last GRA update in CELL-Shared mode.

In this state, the MS performs the following actions:

· Monitor the paging occasions according to the DRX cycle and receive paging information on the (P)CCCH.

· Listen to the (P)BCCCH of the serving cell for the decoding of system information messages.

· Initiate a GRA updating procedure on GRA change.

This state can be entered from the CELL-Shared mode (via explicit signalling, for example upon completion of the GRA update procedure).

From this mode, any activity causes the MS to be moved to CELL-Shared mode. (Uplink access performed on the RACH or PRACH). The release the RRC connection is not possible in the GRA-PCH state. The MS will first move to the CELL-Shared mode to perform the release signalling.

4 Four states RRC model

This second solution implies that the TBF management related functions handled today by the MAC layer are moved to the RRC layer. This model is similar to the one described in [1] for UTRAN, and proposed in contributions [4] and [5].

Figure 2 shows the four states RRC model. The possible MAC states of today Packet IDLE mode and Packet TRANSFER mode disappear, and are replaced by two RRC states instead: CELL_CCCH and CELL_Shared.
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Figure 2: RRC modes and Mode Transitions – four states alternative

4.1 Idle mode

The idle mode for this model is identical to the idle mode described in 3.1.

As in 3.1, the RRC connected mode is entered when the RRC connection is set up.

4.2 Connected Mode

4.2.1 CELL-Dedicated mode

The CELL-Dedicated mode for this model is identical to the one described in 3.2.1

The CELL-Dedicated mode is entered from the Idle mode through the set-up of an RRC connection, by establishing a dedicated resources from the CELL-Shared state or from the CELL-CCCH state.

From the CELL-Dedicated mode, a user can move to the Idle mode, when the RRC connection is released, to the CELL-Shared mode, or to the CELL-CCCH mode.

4.2.2 CELL-Shared mode

This mode corresponds to the MAC Packet TRANSFER mode in the RRC CELL-Shared mode of the previous model. It is characterised by: 

· The MS is allocated radio resource providing one or more TBF for a physical point-to point connection on one or more packet data physical channels for the unidirectional transfer of RLC data blocks between the network and the MS. Concurrent TBFs may be established in opposite directions.

The user shall perform cell update on cell change.

Transitions can occur to and from Idle, CELL-Dedicated, CELL-CCCH and GRA-PCH modes.  

4.2.3 CELL-CCCH mode

This mode corresponds to the MAC Packet IDLE mode in the RRC CELL-Shared mode of the previous model. It is characterised by:

· No temporary block flow exists.

· The MS uses DRX or non-DRX to monitor the relevant paging subchannels on PCCCH, if such is present in the cell. If a PCCCH is not present in the cell, the MS monitors the relevant paging subchannels on CCCH.

The user shall perform cell update on cell change.

Transitions can occur to and from CELL-Dedicated and GRA-PCH.  

4.2.4 GRA-PCH mode

This mode is identical to the one described in 3.2.3.

This state can be entered from the CELL-Shared mode (via explicit signalling, for example upon completion of the GRA update procedure).

From this mode, any activity causes the MS to be moved to CELL-Shared mode. (Uplink access performed on the RACH or PRACH). The release the RRC connection is not possible in the GRA-PCH state. The MS will first move to the CELL-Shared mode to perform the release signalling.

5 Implications of the two models

5.1 Three states model

The main advantage of this alternative is that it reuses what exists today in GSM/GPRS/EGPRS. Some functionality regarding the TBF management defined in [6] (Packet request while in dedicated mode, packet notification while in dedicated mode, and TBF establishment initiated by the MS or the network on the CCCH) would need to be moved to the RLC/MAC specification. Other functionality such as measurement report might need to be moved to RRC. 

A drawback is that this would not allow for a clear split between the RRC and RLC/MAC layers: indeed, some coordination between RRC and RLC/MAC would be needed when allocating the radio resources, for example in case of handover.

Four states model

This model would allow for a clearer split between RRC and RLC/MAC, which may be more future-proof. This is the approach that has been taken when including all DTM related procedures in [5]. RLC/MAC would then be responsible of the multiplexing and prioritisation of the different RBs once those have been allocated radio resources. It may also be responsible for the allocation of a new reduced RB Id ([7]) to a RB that has already been established while in Cell-Shared mode or Cell-Dedicated mode.

This would imply to move all the functions described in [2] to the RRC specification, except the RLC related ones, such as Ack/Nack reporting. By making such a split, it may not be allowed, as it is today to allocate additional resources into an Ack/Nack report in case of fixed allocation. The Ack/Nack report and the resource allocation would need to be performed in two separate messages. Moreover, the changes to [2] will be important if such a model is taken as a basis.
6 Conclusion

This paper describes two alternatives regarding the RRC state machine: in a first alternative, the model is composed of three states for RRC, and the MAC states that exist today would remain. The second one is basically the four-states machine that is used in UTRAN. Both these models have advantages and drawbacks. It is proposed that one of those models are agreed upon.
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