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6.3 Radio Resource Control (RRC)

RRC is a control plane protocol for radio resource management. RRC design is FFS.

6.1.1 RRC Functions

The Radio Resource Control (RRC) layer handles the control plane signalling of Layer 3 between the MSs and GERAN. The RRC performs the following functions: 

· Broadcast of information provided by the non-access stratum (Core Network). The RRC layer performs system information broadcasting from the network to all MSs. The system information is normally repeated on a regular basis. The RRC layer performs the scheduling, segmentation and repetition when such broadcasting is carried on BCCH. This function supports broadcast of higher layer (above RRC) information. This information may be cell specific or not. As an example RRC may broadcast Core Network location service area information related to some specific cells.

· Broadcast of information related to the access stratum. The RRC layer performs system information broadcasting from the network to all MSs. The system information is normally repeated on a regular basis. The RRC layer performs the scheduling, segmentation and repetition when such broadcasting is carried on BCCH. This function supports broadcast of typically cell-specific information. 

· Establishment, re-establishment, maintenance and release of an RRC connection between the MS and GERAN. The establishment of an RRC connection is initiated by a request from higher layers at the MS side to establish the first Signalling Connection for the MS. The establishment of an RRC connection includes an optional cell re-selection, an admission control, and a layer 2 signalling link establishment. The release of an RRC connection can be initiated by a request from higher layers to release the last Signalling Connection for the MS or by the RRC layer itself in case of RRC connection failure. In case of connection loss, the MS requests re-establishment of the RRC connection. In case of RRC connection failure, RRC releases resources associated with the RRC connection.

Note: Whether both RLC/MAC and LAPDm protocols or only one of them can be used to establish a layer 2 signalling link for RRC connection establishment is FFS.
· Establishment, reconfiguration and release of Radio Bearers. The RRC layer can, on request from higher layers, perform the establishment, reconfiguration and release of Radio Bearers in the user plane. A number of Radio Bearers can be established to an MS at the same time. At establishment and reconfiguration, the RRC layer performs admission control and selects parameters describing the Radio Bearer processing in layer 2 and layer 1, based on information from higher layers.

· Assignment, reconfiguration and release of radio resources for the RRC connection. Depending on the RRC and MAC states, the RRC layer may handle the assignment of radio resources needed for the RRC connection including needs from both the control and user plane. The RRC layer may reconfigure radio resources during an established RRC connection. RRC signals to the MS to indicate resource allocations for purposes of inter system handovers. 

· RRC connection mobility functions. The RRC layer performs evaluation, decision and execution related to RRC connection mobility during an established RRC connection, such as handover, preparation of handover to UMTS or other systems, cell re-selection and cell/GRA update procedures, based on e.g. measurements done by the MS.
· Paging/notification. The RRC layer can broadcast paging information from the network to selected MSs on CCCH. Higher layers on the network side can request paging and notification. The RRC layer can also initiate paging during an established RRC connection.

· Listening to BCCH and CCCH. The RRC layer listens to the BCCH of the serving cell for the decoding of system information messages and to the BCCH of neighbouring cells for neighbour cell measurements; the RRC layer also monitors the paging occasions according to the DRX cycle and receives paging information on the CCCH.
· Routing of higher layer PDUs. This function performs at the MS side routing of higher layer PDUs to the correct higher layer entity, at the GERAN side to the correct RANAP entity. 

· Control of requested QoS. This function shall ensure that the QoS requested for the Radio Bearers can be met. This includes the allocation of a sufficient number of radio resources.

· MS measurement reporting and control of the reporting. The measurements performed by the MS are controlled by the RRC layer including both GSM/EDGE air interface and other systems. The RRC layer is responsible for sending information that control the MS measurement reporting when using BCCH or SACCH channels. The RRC layer also performs the reporting of the measurements from the MS to the network using SACCH. 

· Power control. The RRC layer controls parameters for normal power control and fast power control. 

· Control of ciphering. The RRC layer provides procedures for setting of ciphering (on/off) between the MS and GERAN.

· Integrity protection. This function controls integrity protection and performs integrity protection those RRC messages that are considered sensitive and/or contain sensitive information. Integrity protection in GERAN is FFS.

· Support for Location Services.  Signaling between MS and GERAN to support positioning of a MS.

· Timing advance control. The RRC controls the operation of timing advance on dedicated physical subchannels.
6.1.2 RRC Connection Mobility

The different levels of RRC connection between MS and  GERAN are listed below:

· No signalling connection exists
The MS has no relation to GERAN, only to CN. For data transfer, a signalling connection has to be established.

· Signalling connection exists
There is an RRC connection between MS and GERAN. The MS position can be known on different levels:

· GERAN Registration Area (GRA) level
The MS position is known on GERAN registration area level. GRA is a specified set of cells, which can be identified in the (P)BCCH. 

· Cell level
The MS position is known on cell level.
6.1.3 RRC Connection Modes

Two modes of operation are currently defined for the MS, RRC idle mode and RRC connected mode. 

After power on, the MS stays in RRC idle mode until it transmits a request to establish an RRC connection. 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 MSs in RRC idle mode, and can only address e.g. all MSs in a cell or all MSs monitoring a specific paging occasion.

The RRC connected mode is entered when the RRC connection is established. An RRC connection is established between the MS and GERAN. The MS is assigned a radio network temporary identity (G-RNTI) to be used as MS identity. MS is identified within a GERAN with the G-RNTI. 
The MS leaves the RRC connected mode and returns to RRC idle mode when the RRC connection is released or at RRC connection failure.

Next section changed

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

C.1 
Proposal for GERAN in Iu mode
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 Iu mode LLC protocol does not exist. Thus cell level MS location tracking must be different from A/Gb mode. 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 in Iu mode 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 for GERAN in Iu mode.

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 RRC state machine
An overall picture of the RRC states and state transitions is described in Figure C-1. It also describes the relation between the Iu mode RRC states and the A/Gb mode RR modes.
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Figure C-1. RRC States and State transition


C.1.2.1
Relation between Iu mode RRC and A/Gb mode RR
Figure C-1 shows the state transition between the Iu mode RRC state model and RR modes of operation of the A/Gb mode, when handovers and cell reselections are performed. 
C.1.2.1.1
Handover between Iu and A/Gb mode

When a handover which results in change from Iu mode (i.e. from the RRC Cell_Dedicated state) to A/Gb mode is performed, the RR dedicated mode of operation shall be entered.

When a handover which results in change from A/Gb mode (i.e. from the RR dedicated mode of operation) to Iu mode is performed, the RRC Cell_Dedicated state shall be entered. If handover to Iu mode is triggered in RR dual transfer mode of operation, the RR dedicated mode of operation shall be entered before the handover is initiated. 
C.1.2.1.2 
Cell reselection between Iu and A/Gb mode

Cell reselection in this section refers to aborting the operation in the old cell and switching to the new selected cell.

When a cell reselection which results in change from Iu mode (i.e from the RRC Idle Mode) to A/Gb mode is performed, the RR idle/packet idle mode of operation shall be entered. If cell reselection is triggered in RRC Cell_Shared or RRC GRA_PCH state, the RRC Idle Mode shall be entered before the cell reselection is initiated.
When a cell reselection which result in change from A/Gb mode (i.e. from the RR idle/packet idle mode of operation) to Iu mode, is performed the RRC Idle Mode shall be entered. If cell reselection is triggered in RR packet transfer mode of operation, the RR packet idle mode of operation shall be entered before the cell reselection is initiated
C.1.2.2
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.1.2.2.1
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. The RRC Connected Mode is characterised by three states: RRC-Cell_Shared, RRC-Cell_Dedicated and RRC-GRA_PCH.
C.1.2.3
RRC-Cell_Shared state

RRC-Cell_Shared state is characterized by:

· No dedicated physical subchannel 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:

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

· transmit 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;

· listen to the (P)BCCH control channel of the serving cell for the decoding of system information messages;

· listen to neighbouring cells for neighbour cell measurements (see 3G TS 45.008);
· uses G-RNTI assigned in the current cell as the MS identity on common control channels;

Note:
In that state, if the network wants to initiate any activity, no paging request is required to be sent. The network can directly allocate radio resources to the MS.
C.1.2.3.1
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.1.2.3.2
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.1.2.3.3
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).

When such a transition occurs, the mobile station shall abort any TBF in progress by immediately ceasing to decode the downlink, ceasing to transmit on the uplink, stopping all RLC/MAC timers except for timers related to measurement reporting, prior to moving to RRC-GRA_PCH.
C.1.2.3.4
Radio resource allocation tasks

RRC is in this state responsible for allocating dedicated physical subchannels, which causes the MS to enter the RRC-Cell_Dedicated state. MAC is responsible for allocating / reallocating / releasing shared physical subchannels. 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.1.2.3.5
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 then the MS shall enter the RRC Idle mode, enter RR Idle or Packet Idle mode of operation. Access in the cell will then be made according to the A/Gb procedures.

C.1.2.3.6
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.1.2.4
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 for measurement reporting 
· Listen to neighbouring cells for neighbour cell measurements (see 3G TS 45.008).

· Perform a handover procedure of the dedicated physical subchannels on cell change of another GERAN or UTRAN cell;

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

C.1.2.4.1
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.1.2.4.2
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.1.2.4.3
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. 
When such a signalling is received, the mobile station shall release all the allocated dedicated physical suchannel(s) and, if any, all the shared physical subchannels, prior to moving to RRC-GRA_PCH.
C.1.2.4.4
Radio resource allocation tasks

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

C.1.2.4.5
RRC connection mobility tasks

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

C.1.2.4.6
MS measurements

MS measurement results are signalled using RRC measurement procedures.

C.1.2.5
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.1.2.5.1
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.1.2.5.2
Transition from RRC-GRA_PCH state to RRC-Cell_Dedicated state

The description of this transition is FFS.
C.1.2.5.3
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 shared physical subchannels. In case of transition to RRC-Cell_Dedicated state is needed, the RRC is responsible for allocating the dedicated physical subchannel.

C.1.2.5.4
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 initiate 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 then the MS shall enter the RRC Idle mode, enter RR Idle or Packet Idle mode of operation. Access in the cell will then be made according to the A/Gb procedures.

C.1.2.5.5
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.1.2.5.6
Transfer and update of system information

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