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Annex C (informative):
RRC States, MAC Modes and RRC Connection Mobility 

C.1 
Proposal for GERAN Rel 4

C.1.1
GERAN RRC connection mobility 

There are three issues that have to be taken into account when GERAN RRC connection mobility is considered:

· the removal of LLC protocol,

· connection oriented Iu-PS and

· identification of the mobile station.

In GERAN Rel4 LLC protocol does not exist. Thus cell level MS location tracking must be different from GERAN Rel99. Also in order to keep the same Iu interface between GERAN and CN as in UTRAN and CN no new cell update messages should be introduced to RANAP. Therefore GERAN Rel4 must support at least MS cell updates. Introduction of GERAN Registration Area (GRA) would decrease the MS power consumption and signaling load within GERAN. It is thus recommended that also a GERAN Registration Area concept will be adopted to GERAN Rel4.

C.1.1.1
Cell reselection and relocation

With the proposed cell and GRA update procedures the same cell reselection & relocation procedure as in UTRAN can be used, see Figure C-1 and 3G TS 23.060.

In UTRAN cell reselection to a new RNS cell update is sent through Iur (Uplink Signaling Transfer) to source RNC which launches relocation procedure. In GERAN similar procedure could be used. After receiving cell or GRA update through Iur-g (Uplink Signaling Transfer) a relocation is triggered.

C.1.2
GERAN Rel4 RRC state machine
An overall picture of the RRC states and state transitions is described in Figure C-1. 
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Figure C-1. RRC States and State transition (Figure modified)

C.1.2.1
RRC Idle Mode
After power on, the MS stays in RRC Idle Mode until a successful establishment of an RRC Connection. In RRC Idle Mode the connection of the MS is closed on all layers of the access stratum. In RRC Idle Mode the MS is identified by non-access stratum identities such as IMSI, TMSI and P-TMSI. In addition, the GERAN has no own information about the individual MS’s in RRC Idle Mode, and it can only address e.g. all MS’s in a cell or all MS’s monitoring a paging occasion.

C.1.2.1.1
Transition from RRC Idle Mode to RRC Connected Mode 

The transition to the RRC Connected Mode from the RRC Idle Mode can only be initiated by the MS by transmitting a request for an RRC Connection. The event is triggered by a request from upper layers in the MS.

At RRC connection establishment the MS is assigned a GERAN radio network temporary identity (G-RNTI) to be used as MS identity on both common control channels and traffic channels.

When the MS receives a message from the network that confirms the RRC connection establishment, the MS enters the RRC Connected Mode.

C.1.2.2
RRC-Cell_Shared state

RRC-Cell_Shared state is characterized by:

· No dedicated physical channel is allocated to the MS.

· The position of the MS is known by GERAN on cell level according to the cell where the MS last made a cell update.

In RRC-Cell Shared state the MS shall perform the following actions:

· initiates a cell update procedure on cell change of another GERAN or UTRAN (FFS) cell;

· transmits signalling messages and user data in the uplink and/or the downlink using PDTCH when the MS is assigned use of those resources;

· the MS connectivity within the cell is handled at MAC level;

· listens to the (P)BCCH control channel of the serving cell and neighbouring cells for the decoding of system information messages;

· uses G-RNTI assigned in the current cell as the MS identity on common control channels;

C.1.2.2.1
Transition from RRC-Cell_Shared state to RRC Idle Mode
The transition to RRC Idle Mode is realised through the release of the RRC connection.

C.1.2.2.2
Transition from RRC-Cell_Shared state to RRC-Cell_Dedicated state

The transition from RRC-Cell_Shared state to RRC-Cell_Dedicated state occurs when a DPSCH is allocated to the MS. 

C.1.2.2.3
Transition from RRC-Cell_Shared state to RRC-GRA_PCH state

The transition occurs when 

· GERAN orders the MS to move to RRC-GRA_PCH state via explicit signaling, or

· upon timer expiry (FFS).

C.1.2.2.4
Radio resource allocation tasks

RRC is in this state responsible for allocating dedicated physical resources, which causes the MS to enter the RRC-Cell_Dedicated state. MAC is responsible for allocating / reallocating / releasing the PDTCHs. This allocation of the PDTCHs by MAC is done according to the QoS class of the radio bearer and multislot capability of the MS. The RRC provides the MAC with QoS class and indication of the MS multislot capability.

C.1.2.2.5
RRC connection mobility tasks

In RRC-Cell_Shared state the MS shall initiate a cell update procedure when 

· a new GERAN cell has been selected and the MS operates in Iu mode, or

· a UTRAN cell has been selected (FFS)

When the GERAN cell has been selected that would require the MS to operate in the A/Gb mode than the MS shall enter the Idle state and make an access to the cell accorinding to the Rel99 specification.

C.1.2.2.6
MS measurements

MAC is responsible for measurement reporting, using the procedures defined in 3G TS 44.060. Provisioning of traffic volume measurements is FFS. 

C.1.2.3
RRC-Cell_Dedicated state

RRC-Cell_Dedicated state is characterized by:

· The MS is assigned one or more dedicated physical subchannels in the uplink and downlink, which it can use anytime. Furthermore, the MS may be assigned one or more shared physical subchannels.

· The position of the MS is known by GERAN on cell level.

In RRC-Cell_Dedicated state the MS shall perform the following actions:

· Perform necessary procedures in accordance to SACCH

· Listen to neighbouring cells for neighbour cell measurements (see 3G TS 45.008).

· Perform a handover procedure on cell change of another GERAN or UTRAN cell;

· Transmit signalling message in the uplink using FACCH, SDCCH , or PDTCH.

C.1.2.3.1
Transition from RRC-Cell_Dedicated state to RRC-Cell_Shared state

The transition occurs when all the dedicated physical subchannels are released and 

· shared physical subchannels exist or

· no shared physical subchannels exist and the network indicates transition to the RRC-Cell_Shared state.

C.1.2.3.2
Transition from RRC-Cell_Dedicated state to RRC Idle Mode
The transition to RRC Idle Mode is realised through the release of the RRC connection.

C.1.2.3.3
Transition from RRC-Cell_Dedicated state to RRC-GRA_PCH state

The transition occurs when GERAN orders the MS to move to the RRC-GRA_PCH state via explicit signalling. 

C.1.2.3.4
Radio resource allocation tasks

RRC is responsible for allocating new dedicated physical subchannels, while MAC or RRC are responsible for allocation of new PDTCHs depending on the MAC control state. RRC is also responsible for intra-cell handovers.

C.1.2.3.5
RRC connection mobility tasks

RRC connection mobility tasks are realised in RRC-Cell_Dedicated state using RRC handover procedures.

C.1.2.3.6
MS measurements

MS measurement results are signaled using RRC measurement procedures.

C.1.2.4
RRC-GRA_PCH state

The RRC-GRA_PCH state is characterized by:

· No physical subchannel is allocated to the MS.

· 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.

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)BCCH control channel of the serving cell for the decoding of system information messages;

· initiate a GRA updating procedure upon GRA change.

If the network wants to initiate any activity, it shall make a paging request on the (P)CCCH logical channel within the GRA where the MS is. 

GRA updating is initiated by the MS, which, upon the detection of the new GERAN registration area, sends the network the Registration area update information to the new cell. Any activity causes a transition to either the RRC-Cell_Shared or the RRC-Cell_dedicated state, depending on the activity.

C.1.2.4.1
Transition from RRC-GRA_PCH state to RRC-Cell_Shared state

The transition can occur due to GRA update, cell update or answer to paging. If there has been a cell change since last GRA update, the MS has to do immediately a cell update except when GRA update is initiated.

C.1.2.4.2
Transition from RRC-GRA_PCH state to RRC-Cell_Dedicated state

 The description of this transition is FFS.
C.1.2.4.3
Radio resource allocation tasks

No radio resource allocation tasks are executed within this state. In case of transition to RRC-Cell_Shared state is needed, the MAC is responsible for allocating the PDTCHs. In case of transition to RRC-Cell_Dedicated state is needed, the RRC is responsible for allocating the dedicated channel. 
C.1.2.4.4
RRC connection mobility tasks

In the RRC-GRA_PCH state the location of a MS is known on GERAN Registration area level. 

In this state, the MS mobility is performed through cell reselection procedures. The MS shall perform cell reselection and upon selecting a new GERAN cell belonging to a GRA which does not match the GRA used by the MS, the MS shall move to RRC-Cell_Shared state and initiates a GRA update towards the network. After the GRA update procedure has been performed, the MS shall change its state back to RRC-GRA PCH state if neither the MS nor the network has any more data to transmit.

In RRC-GRA_PCH state the MS shall initiate a GRA update procedure when 

· a new GERAN cell has been selected from a different GRA and the MS operates in Iu mode, or

· a UTRAN cell has been selected (FFS)

When the GERAN cell has been selected that would require the MS to operate in the A/Gb mode than the MS shall enter the Idle state and make an access to the cell accorinding to the Rel99 specification.

C.1.2.4.5
MS measurements

The MS monitors the broadcast channels on its own and neighbouring cells and identifies the need for GRA updating. No measurement reports are sent to the network in this state.

C.1.2.4.6
Transfer and update of system information

The MS shall listen to the (P)BCCH to acquire a valid system information.
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