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Examples of RRC signalling flows

1 Introduction

In this contribution are presented examples of RRC signalling flows for GERAN.

2  GRA update with and without G-RNTI reallocation

The main purpose of the GRA update procedure is to update GERAN with the current GRA of the MS after GRA reselection in GRA PCH state. Figures 1 and 2 illustrate the signalling flows. A MS in GRA PCH state shall always have one and only one valid GRA.
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Figure 1. GRA update
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Figure 2. GRA update with G-RNTI reallocation

1) When cell re-selection is triggered, the MS abandons the radio link in the old cell and establishes a radio link to the new cell. The GRA update procedure is triggered when the MS reads the broadcast information of the new cell and recognises that a GRA update is required. After that, the MS RRC layer sends a GRA UPDATE to GERAN. Upon reception of the GRA UPDATE, the GERAN registers the change of GRA.

2) Then GRA UPDATE CONFIRM message is sent to the MS. The message may include new G-RNTI and new NAS system information

If the GRA update procedure contains also G-RNTI reallocation then the procedure from 3) is executed.

3) When the MS receives GRA UPDATE CONFIRM message containing new G-RNTI, it shall then transmit G-RNTI REALLOCATION COMPLETE message on the uplink channel. The procedure ends when the transmission of the G-RNTI REALLOCATION COMPLETE message has been confirmed by RLC. When the network receives G-RNTI REALLOCATION COMPLETE message, GERAN may delete any old G-RNTI.

3 Cell update with and without G-RNTI reallocation

The main purpose of the cell update procedure is to update GERAN with the current cell of the MS after cell reselection in CELL CONNECTED state. If the CELL Update procedure contains G-RNTI reallocation then the point 3) is executed. Figures 3. and 4. illustrate the signalling flows.
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Figure 3. Cell update
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Figure 4. Cell update with G-RNTI reallocation

1) The cell update procedure is triggered by the cell re-selection function in the MS, which notifies which cell the MS should switch to. The MS reads the broadcast information of the new cell. Subsequently, the MS RRC layer sends a CELL UPDATE message to the GERAN. The transmission includes the current G-RNTI .

2) Upon reception of the CELL UPDATE, GERAN registers the change of cell. If the registration is successful it replies with a CELL UPDATE CONFIRM message transmitted to the MS. The message may include new G-RNTI and new NAS system information.

3) When the MS receives CELL UPDATE CONFIRM message, it shall then transmit G- RNTI REALLOCATION COMPLETE message on the uplink channel. The procedure ends when the transmission of the G-RNTI REALLOCATION COMPLETE message has been confirmed by RLC. When the network receives G-RNTI REALLOCATION COMPLETE message, GERAN may delete any old G-RNTI. 

4 Cell update when Routing Area update follows

In Figure 5. the signalling flows for cell update when routing area update follows scenario are presented. After successfully RRC connection establishment, MS goes to CELL CONNECTED mode. In this state MS can initiate cell update procedure on the cell change. This scenario presents CELL UPDATE procedure when ROUTING AREA UPDATE procedure follows.
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Figure 5. Cell update when Routing area update follows
1) The cell update procedure is triggered by the cell re-selection function in the MS, which notifies which cell the MS should switch to. The MS reads the broadcast information of the new cell. Subsequently, the MS RRC layer sends a CELL UPDATE message to the GERAN. The transmission includes the current G-RNTI .

2) Upon reception of the CELL UPDATE, GERAN registers the change of cell. If the registration is successful it replies with a CELL UPDATE CONFIRM message transmitted to the MS. The message may include new G-RNTI and new NAS system information.

3) If NAS system information has been included to the previous message, the CN information elements containing Routing Area Identification (RAI) are sent to the MS MM.

4) When the MS receives CELL UPDATE CONFIRM message containing new G-RNTI, it shall then transmit G-RNTI REALLOCATION COMPLETE message on the uplink channel. The procedure ends when the transmission of the G-RNTI REALLOCATION COMPLETE message has been confirmed by RLC.

5) When RA Update is triggered, the MS sends a ROUTEING AREA UPDATE REQUEST (P-TMSI, old RAI, old P-TMSI Signature, Update Type) to the MM CN. Update Type shall indicate RA.

6) Security functions may be executed. 

7) The MM CN validates the MS presence in the new RA. If, due to regional subscription restrictions, the MS is not allowed to be attached in the RA, or if subscription checking fails, then the MM CN rejects the routing area update with an appropriate cause. If all checks are successful then the MM CN updates the MM context for the MS. A new P-TMSI may be allocated. A ROUTEING AREA UPDATE ACCEPT (P-TMSI, P-TMSI Signature) is returned to the MS.

8) If P-TMSI was reallocated, the MS acknowledges the new P-TMSI by returning a ROUTEING AREA UPDATE COMPLETE message to the MM CN.

If the routing area update procedure fails a maximum allowable number of times, or if the MM CN returns a Routing Area Update Reject (Cause) message, the MS shall enter IDLE state.

5 Power-on signalling flow

Power-on signaling flow is shown in Figures 6a. and 6b. In this illustarative example more details are included in addition to RRC messages, e.g. TBF establishments and interactions with RLC and MAC sublayers. 
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Figure 6a. Power-on signaling flow
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Figure 6b. Power-on signaling flow

1)-3)
After Power-on, the MS stays in RRC IDLE Mode until transmitting a request to establish an RRC connection by ATTACH REQUEST and RRC CONNECTION REQUEST. The GPRS attach procedure is a trigger for a RRC connection establishment.

4)-6) 
After TBF establishment, RRC CONNECTION REQUEST is transported on PDTCH uplink in RLC block to GERAN.

7) 
When the GERAN RRC receives RRC CONNECTION REQUEST, it shall setup RRC connection.

8) 
Acknowledgement is sent to the MS RRC by returning RRC CONNECTION SETUP message.

9)-11)
After TBF establishment, RRC CONNECTION SETUP message is transported to MS RLC/MAC on PDTCH downlink.

12) 
MS RRC setup the connection using RRC CONNECTION SETUP message.

13) 
After the connection setup, RRC MS responds with RRC CONNECTION SETUP COMPLETE to GERAN RRC.

14) 
MS enters in CELL CONNECTED state.

15)-18) After TBF establishment, RRC CONNECTION SETUP COMPLETE is transported on PDTCH uplink in RLC block to GERAN.

19)-24) MS initiate Attach procedure by transmission of ATTACH REQUEST message to MM CN. MS RRC receives ATTACH REQUEST message. This is transported using INITIAL DIRECT TRANSFER procedure. The INITIAL DIRECT TRANSFER procedure is used in the uplink to establish signalling connections and signalling flows. It is also used to carry the initial higher layer (NAS) messages over the radio interface. This procedure requests the establishment of a new flow, and triggers the establishment of a signalling connection. In the MS, the INITIAL DIRECT TRANSFER procedure shall be initiated, when the upper layers request the initialisation of a new flow. This request also includes a request for the transfer of a NAS message. After TBF establishment, the MS shall transmit the INITIAL DIRECT TRANSFER message on the uplink PDTCH using RLC-block. On reception of the Initial Direct Transfer message the NAS message should be routed to MM CN. 

25)-31) If the MS is unknown in the MM CN, the MM CN sends an IDENTITY REQUEST (Identity Type = IMSI) to the MS using DOWNLINK DIRECT TRANSFER procedure. The DOWNLINK DIRECT TRANSFER procedure is used in the downlink direction to carry higher layer (NAS) messages over the radio interface. After TBF establishment, the GERAN will transmit the DOWNLINK DIRECT TRANSFER, which contains IDENTITY REQUEST message on the downlink PDTCH using RLC-block. Upon reception of the Downlink Direct Transfer message, the MS RRC shall, using "CN Domain Identity", route the contents of the higher layer, MS MM. 

32)-38) The MS responds with IDENTITY RESPONSE (IMSI) and is carried using UPLINK DIRECT TRANSFER procedure. The UPLINK DIRECT TRANSFER is similar procedure as DOWNLINK DIRECT TRANSFER and is initiated by the MS to send NAS message over the radio interface.

39) 
The authentication and ciphering procedures may be executed (details of these procedures are left outside of this contribution).If no MM context for the MS exists anywhere in the network, then authentication is mandatory. If P-TMSI allocation is going to be done, and if ciphering is supported by the network, ciphering mode shall be set.

40) 
The equipment checking functions may be executed (details of this procedure is left outside of this contribution).

41)-47) The MM CN sends an ATTACH ACCEPT (P-TMSI, P-TMSI Signature) message to the MS. P-TMSI is included if the MM CN allocates a new P-TMSI. The message is transmitted using DOWNLINK DIRECT TRANSFER procedure. All the procedures described for DOWNLINK DIRECT TRANSFER of IDENTITY REQUEST message are used in this case for transferring ATTACH ACCEPT message from MM CN to MM MS.

48)-54) If P-TMSI was changed, the MS acknowledges the received TMSI(s) by returning an ATTACH COMPLETE message to the MM CN. The procedure is transmitted using UPLINK DIRECT TRANSFER. All the procedures described for UPLINK DIRECT TRANSFER of IDENTITY RESPONSE message are used in this case for transferring ATTACH COMPLETE message from MM MS to MM CN.

6 Handover signalling flow

Handover signalling flow is shown in Figure 7. In this example only the signaling over the radio interface in shown. 
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Figure 7. Signaling flow for handover

1. Quality reporting. Handover decision is made based on quality reports. In dedicated mode quality reports are sent through SACCH. Reporting period is 104 TDMA frames (480ms) .

2. Handover command message is sent on the main DCCH by the network to the mobile station to change the dedicated channel configuration.

3. After having switched to the assigned channels, the mobile station starts repeating the HANDOVER ACCESS message in successive layer 1 frames on the main DCCH and optionally on the SACCH. This message is sent in an access burst. Its content is reduced to the handover reference information element. The number of access bursts depends on whether the cell is synchronized or not. In synchronized cell if indicated in Handover Command the MS may optionally not send access bursts at all.

4. Physical info message is sent on the main DCCH by the network to the mobile station to stop the sending of access bursts from the mobile station.

5. Handover complete message is sent on the main DCCH from the mobile station to the network to indicate that the mobile station has established the main signalling link successfully.

7 Combined handover and relocation signalling flow

Combined handover and relocation signalling flow is shown in Figure 8. In this example also the Iur-g signaling and interactions between GERANs and CN are shown in relation to radio interface signaling.
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Figure 8. Signaling flow for combined handover and relocation
1. Quality reporting. In dedicated mode quality reports are sent through SACCH. Reporting period is 104 TDMA frames (480ms) .

2. Relocation Preparation and establishment of RABs. The source RAN initiates the relocation preparation procedure. During this phase required resources are reserved in the target RAN and RABs are setup between CN and target RAN. 

3. Handover Command. After relocation preparation phase has been completed source RAN sends a Handover Command to the MS. At the receipt of Handover Command the MS shall release link layer connections, disconnect the physical channels and commands the switching to the assigned channels and initiates the establishment of lower layer connections. 

4. Relocation Commit. After source RNC has sent HANDOVER COMMAND relocation is executed. This can be done by sending RNSAP RELOCATION COMMIT message through Iur-g to the target RAN. 

5. Data forwarding. After having sent the RELOCATION COMMIT (or FORWARD SRNS CONTEXT) message, source SRNC begins the forwarding of data for the RABs that are subject to data forwarding. 

6. After having switched to the assigned channels, the mobile station starts repeating the HANDOVER ACCESS message in successive layer 1 frames on the main DCCH and optionally on the SACCH. This message is sent in an access burst. Its content is reduced to the handover reference information element. The number of access bursts depends on whether the cell is synchronized or not. In synchronized cell if indicated in Handover Command the MS may optionally not send access bursts at all.

6. Physical info. This message is sent on the main DCCH by the network to the mobile station to stop the sending of access bursts from the mobile station.

7. Relocation Detect. When target RNC detects the MS after a successful handover, it sends RELOCATION DETECT message to CN. The purpose of relocation detect procedure is to indicate by the RNC the detection of SRNS relocation execution to the CN so that PDP contexts can be updated. 

8. Relocation Complete. After receiving HANDOVER COMPLETE message from the MS the target RNC will send the relocation complete message to CN. 

9. Handover complete. This message is sent on the main DCCH from the mobile station to the network to indicate that the mobile station has established the main signalling link successfully.

10. IU release. RABs of the source cell can be released after handover and relocation have been completed.

11. Routing Area/Location Update. If the MS has moved to new routing area or location area, after completing relocation RA or LA update can be done.

8 Combined Cell Reselection and relocation signalling flow

Combined Cell Reselection and relocation signalling flow is shown in Figure 9. Same relocation procedure as in handover case is used.
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Figure 9. Signaling for combined cell reselection and relocation

1. Cell & GRA update. MS shall perform the cell update procedure when selecting a new cell in CELL CONNECTED mode. MS shall perform the GRA update procedure when it is in GRA_PCH state and the current GRA assigned to the MS is not present in the list of GRA IDs broadcast in a cell.

2.  Cell/GRA update is transferred through Iur-g (Uplink Signaling Transfer procedure) to source RAN .

3. Relocation Preparation and establishment of RABs. The source RAN initiates the relocation preparation procedure. During this phase required resources are reserved in the target RAN and RABs are setup between CN and target RAN.

4. Relocation Commit. After source RNC has sent HANDOVER COMMAND relocation is executed. This can be done by sending RNSAP RELOCATION COMMIT message through Iur-g to the target RAN. 

5. Data forwarding. After having sent the RELOCATION COMMIT (or FORWARD SRNS CONTEXT) message, source SRNC begins the forwarding of data for the RABs that are subject to data forwarding. 

6. Relocation Detect. When target RNC detects the MS after a successful handover, it sends RELOCATION DETECT message to CN. The purpose of relocation detect procedure is to indicate by the RNC the detection of SRNS relocation execution to the CN so that PDP contexts can be updated. 

7. Cell / GRA update confirm message can be used to acknowledge the received Cell / GRA update message and to allocate new RNTI information for the MS valid in the new cell / GRA.

8. G-RNTI Reallocation Complete message is used to confirm the new G-RNTI information for the MS.
9. Relocation Complete. After receiving HANDOVER COMPLETE message from the MS the target RNC will send the relocation complete message to CN. 

10. Iu release. RABs of the source cell can be released after handover and relocation have been completed.

11. Routing Area/Location Update. If the MS has moved to new routing area or location area, after completing relocation RA or LA update can be done.
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