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GERAN RRC States

Introduction

This contribution introduces a Release 2000 RRC State model to support the proposed GERAN design as described in Refs. [1-5]. The RRC states are proposed based on the following considerations:  

· The need to support of new services for R2000 as defined in the current stage 2 text.   In particular, the requirements to support dedicated MAC mode of operation.

· The desire for maximum reuse of existing RLC/MAC procedures as defined in 04.60.

· The desire for R2000 RRC to support PMM, given that GERAN will communicate with a UMTS packet core network and will use an Iu-ps interface.

Current 04.60 suggests RRC states that center on the packet idle and packet transfer modes. So a key decision is how to bridge the packet idle and packet transfer concepts currently in 04.60 with PMM, while minimizing impact to 04.60.

RRC States and State Transitions

Figure 1 shows the proposed R2000 GERAN RRC state model. 

Three of the GERAN Connected States, Cell_Shared (transfer) state, Cell_Idle state, and GRA_Idle state (in gray-shaded boxes) map to the existing RLC/MAC Packet Idle and Packet Transfer modes (see section 3). Consequently procedures defined in 04.60 apply with minimum change for these proposed states. 

To support RT services on dedicated MAC, a new GERAN Connected State, Cell_Dedicated (transfer) state, and associated state transitions/procedures are introduced, as shown in blue in Figure 1.

It is FFS if GERAN RRC should support RBs established for a MS that are in transfer mode on both dedicated and shared physical sub-channels simultaneously.   

This model is analogous to the UTRAN RRC State model as described in Ref. [9] and shown in Appendix A.

1.1 Idle State

In the Idle state, there is no RRC connection (i.e. no signaling RB0) established between the MS and GERAN. The MS has no relationship to GERAN, i.e. GERAN has not assigned a G-RNTI to the MS. The MS is identified by non-access stratum identities such as IMSI and P-TMSI.

The MS monitors (P)BCCH for system broadcast information and (P)PCH for paging information.

1.1.1 Transition from Idle State to GERAN Connected State

The transition can take place only by the MS transmitting a request for RRC connection. This is triggered either by a paging request from the network or by a request from upper layer in the MS, e.g. Attach Request when MS powers on.

When the MS receives the confirmation of RRC Connection establishment from the network with assigned G-RNTI, the MS enters Cell_Shared state of GERAN Connected State.
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Figure 1:  GERAN RRC States and State Transition 

1.2 GERAN Connected States

In the GERAN connected states, the MS has an RRC connection (i.e. signaling RB0) established with GERAN and the MS is known in the GERAN.  This means, for example, that the MS is assigned a G-RNTI. 

GERAN Connected States are aggregated states of all RBs established for a MS. Each RB can be in one of the two states, namely idle state and transfer state, as described in Ref. [3] and summarized in Appendix B. 

1.2.1 Cell_Shared (Transfer) State

The Cell_Shared state is characterized by the following:

· One or more shared physical sub-channels are allocated to the MS.

· Data transfer on a PDTCH in the direction of an established TBF.

· The MS location is known at the cell level.

In the Cell_Shared RRC state, one or more RBs are in transfer state with TBF(s) established on a shared physical sub-channel(s) for the MS.  

Associated RRC procedures for Cell_Shared (Transfer) State include:

· TBF procedure initiated by the MS or by the network on PACCH using TBF establishment procedures currently defined for Packet Transfer mode [7].

· RB Setup procedure initiated by the MS or by the network.

· Re-configuration of shared physical sub-channel(s) for RBs in transfer mode.

· Cell re-selection procedure.

· Measure report procedures.

1.2.1.1 State Transitions in Cell_Shared (Transfer) State

· Transition from Cell_Shared to Idle State

Transition to Idle State occurs when the RRC connection is released, i.e. the release of RB0 when MS detaches. 

· Transition from Cell_Shared to Cell_Dedicated State

The transition to Cell_Dedicated State occurs when a RB requesting a dedicated MAC is established, e.g.dedicated resources allocated to an optimized speech RB. When a dedicated radio resource is allocated to the MS, all existing RBs (in both idle and transfer state) are reconfigured onto the dedicated radio resource.  RBs already in transfer mode (i.e. TBF already established) continue on the dedicated physical sub-channel without TBF restart.

· Transition from Cell_Shared to Cell_Idle State

Upon release of all TBFs, the MS state transitions to Cell_Idle state.
1.2.2 Cell_Dedicated (Transfer) State

This state is introduced to support the new dedicated MAC mode. New RRC procedures are to be defined for this state.

The Cell_Dedicated state is characterized by the following:

· One or more dedicated physical sub-channels are allocated to the MS.

· RT data transfer on TCH in both uplink and downlink direction. 

· The MS location is known to the cell level. 

In Cell_Dedicated state, all RBs for the MS are in transfer state (see section 2.2.1.1 transition from Cell_Shared state to Cell_Dedicated State). 

Associated RRC procedures for Cell_Dedicated (Transfer) State include:

· RB Setup procedure initiated by the MS or by the network using PACCH.

· Re-configuration of dedicated physical sub-channel(s) for RBs in transfer mode.

· Handover procedures.

· Measurement Report procedure on SACCH.

1.2.2.1 State Transitions in Cell_Dedicated (Transfer) State

· Transition from Cell_Dedicated to Cell_Shared State

The transition occurs when all dedicated radio resource is released, e.g. when an optimized speech RB is released. Upon release of dedicated radio resource, RBs with TBFs established on the dedicated radio resource are reassigned to shared physical sub-channel(s) and data transfer continues without TBF re-start.  

· Transition from Cell_Dedicated to Cell_Idle State

Upon the release of dedicated physical sub-channels and release of all TBFs for the MS, the MS transitions into Cell_Idle state.

· Transition from Cell_Dedicated to Idle State

Transition to Idle State occurs when the RRC connection is released, i.e. the release of RB0 when MS detaches.
1.2.3 Cell_Idle State

The Cell_Idle state is characterized by

· MS camps on (P)CCCH.

· No user data transfer in this state. To start data transfer, the MS must first transition into Cell_Shared state.  

· MS position is known on the cell level.

In Cell_Idle state, all RBs for the MS are in idle state. 

Associated RRC and MM procedures for Cell_Idle State include:

· TBF establishment procedures initiated by the MS using access procedures on (P)RACH, or initiated by the network by paging through (P)CCCH. Existing TBF establishment procedures for Packet Idle mode [7] apply.

· MS is paged in the cell known when MS last performed cell update in Cell_Shared state.

· Cell update procedure upon cell change.   

1.2.3.1 State Transitions in Cell_Idle State

· Transition from Cell_Idle State to Cell_Shared State

When MS performs access procedure to respond to a paging or to initiate uplink data transfer, it transitions into Cell_Shared State upon successful TBF establishment. 

· Transition from Cell_Idle State to GRA_Idle State

This transition occurs when the (GPRS MM) Ready timer expires.

· Transition from Cell_Idle State to Cell_Dedicated State

The transition to Cell_Dedicated State occurs when a RB on a dedicated MAC is established, e.g.dedicated resources allocated to an optimized speech RB.
1.2.4 GRA_Idle State (GERAN Routing Area Idle State)

The GRA_Idle state is characterized by

· MS camps on (P)CCCH.

· No user data transfer in this state. To start data transfer, the MS must first transition into Cell_Shared state.  

· MS location is known on the GERAN Routing Area level.

In GRA_Idle state, all RBs for the MS are in idle state. 

Associated RRC and MM procedures for GRA_Idle State include:

· TBF establishment procedures initiated by the MS using access procedures on (P)RACH, or initiated by the network by paging through PPCH. Existing TBF establishment procedures for Packet Idle mode [7] apply.

· MS is paged in the all cells belonging to the last known GRA.

· The MS performs routing area update when GRA changes or when the routing area timer expires.

1.2.4.1 State Transition from GRA_Idle State

· Transition from GRA_Idle to Cell_Dedicated State

The transition to Cell_Dedicated State occurs when a RB on a dedicated MAC is established, e.g.dedicated resources allocated to an optimized speech RB.

· Transition from GRA_Idle State to Cell_Shared State

When MS performs access procedure to respond to a paging or to initiate uplink data transfer, it transitions into Cell_Shared State upon successful TBF establishment.

RRC State Mapping to R99 GERAN Concepts

Table 1 shows the relationship between the RRC states, the GPRS Mobility Management States from 23.060, and the RLC/MAC modes from 04.60.

R00 
RRC State
R99 GPRS MM State
R99 RLC/MAC Mode

Idle
Idle
Packet Idle

GRA_Idle
Standby
Packet Idle

Cell_Idle
Ready
Packet Idle

Cell_Shared
Ready
Packet Transfer

Cell_Dedicated
Not Applicable
New (Packet transfer)

Table 1  RRC State Mapping to R99 GERAN Concepts
As highlighted in the table, the concept of a cell-dedicated RRC state does not yet exist for RLC/MAC and will have to be introduced into 04.60 or the equivalent new specification of 04.60.

Table 1 also relates the new RRC states to existing GPRS mobility management states.  The implication here is that procedures for transferring among these states may be reused, and that these states correlate to the proposed new RRC states.

Relationships between RRC States and PMM States

Table 2 shows the correspondence between the RRC States and PMM States described in 23.060.   

RRC States
Idle
GRA_Idle
Cell_Idle
Cell_Shared
Cell_Dedicated

PMM States
PMM-Detached
PMM-Idle
PMM-Connected

Table 2. Relationship between R00 GERAN RRC States and PMM States

The definitions of the UMTS Mobility Management states (PMM states) are provided in Appendix C.

Recommendations

It is recommended that the proposed RRC States as described in section 3 be adopted 

for GERAN R2000 and be placed in stage 2 text.

Further, it would be beneficial to discuss and reach consensus on whether RRC procedures currently specified in 04.60 and 04.18 should be consolidated in a common place for R2000.
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Appendix A
RRC States and State Transitions in UMTS

Figure 2 is reproduced from 3G TS 25.331 (Figure 55) for information. Detailed description can be found in Ref. [9].
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Figure 2. RRC States and State Transitions including GSM.

[1: The indicated division within idle mode is only included for clarification and shall not be interpreted as states.]
Appendix B
Radio Bearer States

An established RB may be in one of two states depending on whether the RB has radio resources assigned to it:

· Transfer state.  A RB in transfer state has radio resources allocated and it is ready to transfer data. For instance, a RB using shared MAC has TBF established when the RB is in transfer state.

· Idle state. A RB in idle state has an RLC instance configured at its local RLC entity, but has no TBF assigned (i.e. no radio resources). When there is data to send, the RRC establishes a TBF to support the RB. 

Figure 3 shows the RB state transition diagram. Detailed discussion on RRC Radio bearer control functions are provided in Ref. [3].
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Figure 3:  RB state transition diagram
Appendix C
Mobility Management States in UMTS (PMM State)

The text contained herein is reproduced from 23.060 [8].

PMM‑DETACHED State In the PMM‑DETACHED state there is no communication between the MS and the 3G‑SGSN. The MS and SGSN contexts hold no valid location or routeing information for the MS. The MS MM state machine does not react on system information related to the 3G‑SGSN. The MS is not reachable by a 3G‑SGSN, as the MS location is not known.

In order to establish MM contexts in the MS and the SGSN, the MS shall perform the GPRS Attach procedure. When the PS signalling connection is established between the MS and the 3G‑SGSN for performing the GPRS attach, the state changes to PMM‑CONNECTED in the 3G‑SGSN and in the MS. The PS signalling connection is made up of two parts; an RRC connection and an Iu connection.

PMM‑IDLE State The MS location is known in the 3G‑SGSN with an accuracy of a routeing area. Paging is needed in order to reach the MS, e.g., for signalling. The MS and SGSN have established MM contexts as described in clause "Information Storage".

The MS shall perform a routeing area update if the RA changes. Signalling towards the HLR is needed if the 3G‑SGSN does not have an MM context for this MS.

The MS and 3G‑SGSN shall enter the PMM‑CONNECTED state when the PS signalling connection is established between the MS and the 3G‑SGSN.

GPRS detach changes the state to PMM‑DETACHED. The 3G‑SGSN may perform an implicit GPRS detach any time after the MS reachable timer expiry. The MS's MM context is deleted, preferably after a certain (implementation dependent) time. The HLR may be informed about the deletion (see subclause "Purge Function").

PMM‑CONNECTED State The MS location is known in the 3G‑SGSN with an accuracy of a serving RNC. In the PMM‑CONNECTED state, the location of the MS is tracked by the serving RNC. The MS performs the routeing area update procedure when RAI in the MM system information changes.

When an MS and a 3G‑SGSN are in the PMM‑CONNECTED state, a PS signalling connection is established between the MS and the 3G‑SGSN.

In the 3G‑SGSN, PS signalling connection release or failed downlink transfer with cause "IMSI unknown in RNC" changes the state to PMM‑IDLE.

The MS shall enter the PMM‑IDLE state when its PS signalling connection to the 3G‑SGSN has been released or broken. This release or failure is explicitly indicated by the RNC to the MS or detected by the MS (RRC connection failure). The radio connection shall also be released if a URA update fails because of "RRC connection not established", or if the URA update timer expires while the MS is out of coverage.

After a signalling procedure (e.g., routeing area update), the 3G‑SGSN may decide to release the PS signalling connection, after which the state is changed to PMM‑IDLE.

GPRS detach changes the state to PMM‑DETACHED.

State Transitions and Functions Figure 4 introduces the MM states for a GPRS subscriber (PMM). The states and activations are further described below the figure.
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Figure 4. PMM State Model
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