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Handover and Cell Reselection between GERAN Iu mode, GERAN A/Gb mode and UTRAN

1 Introduction

The goal of this contribution is to show the possible transitions between GERAN Iu mode (GERAN RRC states), GERAN A/Gb mode (GERAN RR states) and UTRAN (UTRAN RRC states). In section 5 some examples on signaling flows are provided, which describe various handover scenarios needed to perform the above mentioned transitions. 

Following principles have been identified:

- existing handover procedures shall be reused for GERAN (from core network point of view no new handover procedures are introduced due to GERAN inter-mode / intra-mode handovers and GERAN/UTRAN inter-system handovers, changes in messages shall be avoided). However the content of the transparent containers that are passed through the core network will be different.

· descriptions and figures of section 5 have to be aligned to the existing ones within the appropriate specifications

· “the source adopts to the target” (e.g. in case of circuit switched handover from GERAN A/Gb mode to GERAN Iu mode the target  RNC-id is sent within Handover Required message). Note: to avoid changes to existing messages the RNC-id shall be used to identify the target BSC/RNC.

· GERAN will reuse the enhancements made due to the UTRAN handover for real time PDP contexts/RABs supporting services with real-time requirements, which are not yet covered in 23.060. After the outcome of TR 25.936 is included into 23.060 (this work is done in SA2), the applicability for GERAN has to be checked (no GERAN specific changes are expected). 


2 Background

Transitions between states of different systems using Inter-RAT Handover and Inter-RAT Cell Reselection procedures are presented.

The mobile station can operate in GERAN either in A/Gb mode or in Iu mode. From RRC Idle Mode the mobile station can transit to RRC Connected Mode if the MS operates in Iu mode. GERAN Connected Mode consists of three different RRC states: RRC Cell Shared, RRC Cell Dedicated and RRC GRA_PCH. The procedures for Iu mode or common procedures for Iu and A/Gb modes are applied in this case.

If the mobile station operates in A/Gb mode, the transition from Idle mode can be to either Dedicated mode or one of Group receive mode, Group transmit mode, Packet Idle Mode, Packet Transfer Mode or DTM. The procedures for A/Gb mode or common procedures for Iu and A/Gb mode are applied in this case.

From UTRAN Idle mode the MS can transit to one of the UTRAN RRC Connected mode states. UTRAN RRC Connected mode states are URA_PCH, CELL_PCH, CELL_DCH and CELL_FACH. 

3 Handover procedures

The relation between the Iu mode (RRC states) and the A/Gb mode (RR modes) of GERAN and UTRAN RRC states is described in the figures below.

3.1 Inter-mode Handover between Iu and A/Gb mode in GERAN
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Figure 1. Handover procedures between GERAN Iu mode - GERAN A/Gb mode 

Note: "Inter-mode handover" is a new term, it proposed that this term would be adopted to describe the handover procedure between Iu and A/Gb modes in GERAN.

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 PS connection is dropped, and the transition to RRC Cell_Dedicated mode is performed.

3.2 Inter-RAT Handover between GERAN Iu-mode and UTRAN
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Figure 2. Handover procedures between GERAN Iu mode and UTRAN

The purpose of the inter-RAT handover procedure is to, under the control of the network, transfer a connection between the MS and GERAN to UTRAN.

For an MS in RRC CELL_DEDICATED state can perform Inter-RAT Handover procedure to UTRAN. If the handover procedure succeeds then MS enters CELL_DCH state. In case of handover failure the MS has the possibility to go back to GERAN RRC Connected Mode and to return in the state it originated from.

On the UTRAN side, the Inter-RAT Handover procedure can be initiated in CELL_DCH state. If the procedure succeeds then the MS enters in RRC CELL_DEDICATED state in GERAN, else the MS has the possibility to go back to UTRAN RRC Connected mode to return in the state it originated from. 

Complete RB parameters (PDPC, RLC, MAC, and PHY) for the new system can be send to MS through the old system. This information is received from new system in Handover Command. Predefined RB configuration parameters (16 different sets; and with 16 different Predefined configuration value tags, that indicates the version of the predefined RB configuration ) that are broadcasted on UTRAN can be also used also in GERAN Iu mode to UTRAN handover. UTRAN knows based on the UTRAN Classmark which Predefined RB configuration parameters the MS has in its memory.

Needed enhancements of Inter RAT HO messages are: new parameters inside transparent container (that are generated by GERAN) in HANDOVER FROM UTRAN command, e.g. addition of RB parameters (R99 GERAN did not support these). It is for further study if extension to the present pre-configured RB parameters is required for handover to UTRAN from GERAN Iu-ps. It is for further study how RB parameters are transferred to the MS when the target is GERAN Iu mode.

4 Cell Reselection procedures

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

The relation between the Iu mode RRC states and the A/Gb mode RR modes of GERAN and UTRAN RRC states is described.

4.1 Cell Reselection between Iu-mode and A/Gb mode in GERAN
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Figure 3. Cell Reselection procedures between GERAN Iu mode – GERAN A/Gb mode 

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.

4.2 Inter-RAT Cell Reselection between GERAN Iu-mode and UTRAN
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Figure 4. Cell Reselection procedures between GERAN Iu mode and UTRAN

In case of GERAN Iu-mode the procedure for Inter-RAT cell reselection will depend on if the Iur-g is present or not. If the Iur-g is not present the network will request the RRC connection release according to Cell/GRA update failure case. 

Following transitions are defined for the case when the RRC connection is released (Iur-g not present):

· GERAN Iu-mode to UTRAN: If the cell reselection is triggered in RRC Cell_Shared, GRA_PCH and if the change of cell implies a change of radio access technology, the RRC connection will be released according to the cell update fialure case and the MS will enter RRC Idle mode in UTRAN.  

· UTRAN Iu-mode to GERAN: If the cell reselection is triggered in RRC CELL_FACH, URA_PCH, CELL_PCH and if the change of cell implies a change of radio access technology, the RRC connection will be released according to the cell update fialure case and the MS will enter RRC Idle mode in GERAN.  

Following transitions are defined for the case when the RRC connection is kept:

· GERAN Iu-mode to UTRAN: If the cell reselection is triggered in RRC Cell_Shared and if the change of cell implies a change of radio access technology, the MS enters CELL_FACH in UTRAN. If the cell reselection is triggered in GRA_PCH and if the change of cell implies a change of radio access technology and if the MS current registration area is not present in new cell, the MS transits to Cell_FACH in UTRAN, and performs there first URA Update (UTRAN may then order MS to URA_PCH state). The MS can go directly from GRA_PCH state to URA_PCH state without any extra signalling only if both cells belong to the same registration area. 

·  UTRAN to GERAN Iu-mode: If the cell reselection is triggered in RRC Cell_FACH, or CELL_PCH and if the change of cell implies a change of radio access technology, the MS enters in RRC CELL_Shared in GERAN. If the cell reselection was triggered in URA_PCH, and if the MS current registration area is not present in new cell, the MS performs first GRA Update in the Cell_Shared state (GERAN may then order MS to GRA_PCH state). The MS can go directly from URA_PCH state to GRA_PCH state without any extra signalling only if they are belonging to the same registration area.

· Network controlled from UTRAN CELL_DCH and CELL_FACH state to GERAN Iu-mode: If the network controlled cell reselection is triggered in CELL_DCH or CELL_FACH then Inter-RAT Cell-Change Order procedure is performed to GERAN. MS enters in RRC Cell_Shared in GERAN. The purpose of the inter-RAT cell change order procedure is to transfer, under the control of the network, a connection between the MS and UTRAN to GERAN. This procedure applies when the UE has at least one RAB in use in the PS domain (and no RABs in CS domain).

In case of network controlled cell reselection, RB parameters (PDPC, RLC, MAC, and PHY in case of CRS to UTRAN) for the new system can be sent to the MS through the old system. FFS
5 Signaling flow examples

The signalling flows example as GERAN Iu-cs to UTRAN Iu-cs handover (and vice-versa), GERAN Iu-ps to UTRAN Iu-ps Handover (and vice-versa), GERAN Iu-ps to UTRAN Iu-ps Cell Reselection (and vice-versa), GERAN A to GERAN Iu-cs Handover and  are presented in this part.

The assumption is that an intra-Iu mode handover will from the core network point of view reuse the same existing procedures regardless if it is within GERAN Iu, within UTRAN or between GERAN Iu and UTRAN. Likewise, an inter-mode handover between A/Gb and Iu mode will reuse the same existing procedures in the MSC regardless if it is an inter-RAT GERAN A/Gb and UTRAN or if it is within GERAN. However the content of the transparent containers that are passed through the core network will be different.

It is also proposed that for a GERAN target cell that supports both A/Gb and Iu modes of operation, the CGI should be used as target cell address when handover is performed to A/Gb mode and RNC-id + RAN internal cell identity should be used as target cell address when handover is performed to Iu mode. 

5.1  GERAN Iu-cs to UTRAN Iu-cs , UTRAN Iu-cs to GERAN Iu-cs , and GERAN Iu-cs to GERAN Iu-cs Handover

This handover procedure is similar to UTRAN-UTRAN handover procedure in Iu interface, but there are changes in the air interface.
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Figure 5.  GERAN Iu-cs to UTRAN Iu-cs, UTRAN Iu-cs to GERAN Iu-cs and GERAN Iu-cs to GERAN Iu-cs Handover

This signalling flow illustrates handover procedure between GERAN Iu cs and UTRAN Iu cs mode. 

1) Based on measurements the handover procedure is started. The Measurement Information message is used.

2) The MS sends Measurement Report to the Source RAN (GERAN Iu-mode/UTRAN), after that source RAN decides to initiate a combined hard Handover and SRNS relocation.

3) The source RAN initiates the relocation preparation procedure by sending a Iu Relocation Required message to the old MSC (3G_MSC‑A). The source RAN shall include RRC protocol context and other necessary information into a transparent container. During the Relocation Required Source Id information, target RNC-id, Relocation type set to "UE involved", and Source RNC to Target RNC transparent container should be sent.

4) The 3G_MSC‑A determines from Target ID if the relocation is intra-MSC relocation or inter-MSC relocation. In case of inter-MSC relocation the 3G_MSC‑A initiates the relocation resource allocation procedure by sending a MAP Preparation Handover Request message to the new MSC (3G_MSC‑B). 
5) The 3G_MSC‑B sends a Iu Relocation Request message to the target RAN. 

6) After all the necessary resources for accepted RABs are successfully allocated, target RNC/BSC shall send the RANAP Relocation Request Acknowledge message to the3G_MSC‑B. All radio-related information that the MS needs for the handover is included in a transparent container.

7) When resources for the transmission of user data between target RNC/BSC and new MSC has been allocated and the 3G_MSC‑B is ready for relocation, the MAP Preparation Handover Response message is sent from the 3G_MSC‑B to the 3G_MSC‑A. This message indicates that the 3G_MSC‑B and target RNC/BSC are ready to receive from source RNC/BSC data, and the relocation resource allocation procedure is terminated successfully. 

8) The 3G_MSC‑A continues the relocation by sending a Iu Relocation Command message to the source RNC/BSC. Target RNC to Source RNC transparent Container and RABs to be released information is sent within Relocation Command.

9) A) [GERAN Iu-cs mode to UTRAN Iu cs] Upon reception of the Relocation Command message, when the source RNC/BSC is ready, it triggers the execution of relocation by sending to the MS the INTER SYSTEM TO UTRAN HANDOVER COMMAND message containing the RRC Handover to UTRAN Command message received in the transparent container from the target RNC.

B) [UTRAN Iu-cs to GERAN Iu-cs mode] Upon reception of the Relocation Command message, when the source RNC/BSC is ready, it triggers the execution of relocation by sending to the MS the HANDOVER FROM UTRAN COMMAND message containing the RR Handover Command message received in the transparent container from the target BSC.

C) [GERAN Iu-cs to GERAN Iu-cs ] Upon reception of the Relocation Command message, when the source BSC is ready, it triggers the execution of relocation of SRNS by sending to the MS the Handover command received in the transparent container from the target BSC. 

Note: The same Handover Command message will be used for handover to GERAN Iu from UTRAN and GERAN A and GERAN Iu. However the content will vary depending on the scenarios.

10) Before the Iu Relocation Detect message, the Access burst (which makes the access to the new cell, done according with UTRAN/GERAN specifications) is sent between MS and target RAN.

11)  The target RNC/BSC shall send a Iu Relocation Detect message to the 3G_MSC‑B when the relocation execution trigger is received (i.e. when target RNC/BSC detects the MS on the lower layers).

12) The MAP Process-Access-Signal Request is sent. The IU Relocation Detect, if received, is transferred to 3G_MSC‑A using the MAP PROCESS-ACCESS-SIGNALLING request.

13) A):[GERAN Iu-cs  to UTRAN] In GERAN to UTRAN would be Handover to UTRAN Complete and that would be sent on UTRAN channel after establishment of lower layer connection. Access to new cell (access bursts in the figure) is done on a UTRAN channel according to UTRAN specification.

      B) [UTRAN to GERAN Iu-cs ] In UTRAN to GERAN is Handover Complete message, which is sent on a GERAN channel after lower layer connection has been established. Access in the new cell is done according to the GSM specification. 

13C) [GERAN Iu-cs to GERAN Iu-cs ] When the MS has reconfigured itself, it sends Handover Complete.

14) When target SRNC/BSC receives the Handover Complete or Physical Channel Reconfiguration Complete message or the Radio Bearer Release Complete message in UTRAN or Handover Complete message in GERAN, then target RNC/BSC sends the Iu Relocation Complete message to 3G_MSC‑B. 

15) MAP Send-End –Signal Request message is sent from 3G_MSC‑B -3G_MSC‑A.

16) The 3G_MSC‑A sends Iu Release Command message to the source RNC/BSC.

17)  Iu Release Complete message is sent to 3G_MSC‑A from source RAN.

18)  After the call has ended the MAP Send-End- Signal -Response is sent to the 3G_MSC‑B.

5.2  GERAN Iu-ps to UTRAN Iu-ps, UTRAN Iu-ps to GERAN Iu-ps, GERAN Iu-ps to GERAN Iu-ps Handover

This handover procedure is similar to UTRAN-UTRAN relocation procedure in Iu interface, but there are changes in the air interface.
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Figure 6.  GERAN Iu-ps to UTRAN Iu-ps, UTRAN Iu-ps to GERAN Iu-ps and GERAN Iu-ps to GERAN Iu-ps Handover

This signalling flow illustrates handover procedure between GERAN Iu ps and UTRAN Iu ps mode. 

Handover for real time services from PS domain can be considered (Note: After the outcome of TR 25.936 is included into 23.060, the following description has to be aligned accordingly). User plane handling in Serving RNS Relocation is set by the SGSN at the set-up of the PDP context. One of the alternatives can be used: loss-less relocation, real-time relocation or none.

During the real-time relocation packet loss is not detected, but the break in the User Plane communication during relocation is minimised. This is achieved by forwarding DL data from source RNC to target RNC. There is no need to use PDCP counters (sequence numbers), and RLC may be used either in ack or unack mode [see 3GPP TR 25.936 v4.0.0].

1) Based on measurement results, the source RAN decides to initiate a combined hard handover and SRNS relocation. The Measurement Information is sent.

2) Measurement Report is sent to the Source RAN by the MS.

3) The source RAN initiates the relocation preparation procedure by sending a RANAP Relocation Required message to the old SGSN. Relocation Type shall be set to “UE involved”. The source RAN shall include RRC protocol context and other necessary information into a transparent container. The Relocation Preparation procedure is terminated successfully once source SRNC receives Relocation Command message from the old SGSN(step 8).

4) The old SGSN determines from Target ID if the SRNS relocation is intra-SGSN SRNS relocation or inter-SGSN SRNS relocation. In case of inter-SGSN SRNS relocation the old SGSN initiates the relocation resource allocation procedure by sending a GTP Forward Relocation Request message to the new SGSN. 
5) RANAP Relocation Request is sent by New SGSN to Target RAN
6) The new SGSN sends a Relocation Request message to the target RAN. After all the necessary resources for accepted RABs are successfully allocated, target RNC/BSC shall send the RANAP Relocation Request Acknowledge message to the new SGSN. All radio-related information that the MS needs for the handover is included in a transparent container. After the new SGSN receives the Relocation Request Acknowledge, the GTP-U tunnels have been established between target RNC and new SGSN, and both nodes are ready for UL and DL data transport. The new SGSN is also ready to send UL user data to GGSN. The new SGSN doesn’t receive DL user data as long GGSN sends DL user data to old SGSN. Before Relocation Commit has been received by the target RNC and data forwarding is started in DL (downlink), the target RNC should 

· for RABs requiring real-time relocation: discard all arriving DL GTP-PDUs 

· for RABs requiring loss-less relocation: store all arriving DL GTP-PDUs.

7) When resources for the transmission of user data between target RNC/BSC and new SGSN has been allocated and the new SGSN is ready for relocation of SRNS, the GTP Forward Relocation Response message is sent from the new SGSN to the old SGSN. This message indicates that the new SGSN and target RNC/BSC are ready to receive from source RNC/BSC the downstream packets not yet acknowledged by MS, i.e., the relocation resource allocation procedure is terminated successfully. 

8)  The old SGSN continues the relocation of SRNS by sending a RANAP Relocation Command message to the source RNC/BSC. The old SGSN decides which RABs should be subject for data forwarding based on QoS, and those RABs should be contained in RABs subject to data forwarding. The source RNC is now ready to send DL user data to the GTP-U tunnels over the Iu interface. The forwarding tunnel is used for DL transmission only, and the target RNC cannot send the user data to source RNC.

9) A) [GERAN Iu-ps to UTRAN Iu-ps] Upon reception of the Relocation Command message from the PS domain, when the source BSC is ready, it triggers the execution of relocation of SRNS by sending to the MS the INTER SYSTEM TO UTRAN HANDOVER COMMAND message containing the RRC Handover to UTRAN Command message received in the transparent container from the target RNC/BSC.

B) [UTRAN Iu-ps to GERAN Iu-ps] Upon reception of the Relocation Command message from the PS domain, when the source SRNC is ready, it triggers the execution of relocation of SRNS by sending to the MS the HANDOVER FROM UTRAN COMMAND message containing the RR Handover Command message received in the transparent container from the target RNC/BSC

C) [GERAN Iu-ps to GERAN Iu-ps] Upon reception of the Relocation Command message from the PS domain, when the source SRNC/BSC is ready, it triggers the execution of relocation of SRNS by sending to the MS the Handover command received in the transparent container from the target RNC/BSC. Access in the new cell is done according to the GSM handover procedure.

12) If Iur-g is present the Relocation Commit message may be  sent. The source RNC/BSC sends the RELOCATION COMMIT message to the target RNC/BSC to request the target RNC/BSC to proceed with the relocation. At reception of the RELOCATION COMMIT message from the source RNC/BSC the target RNC/BSC finalises the Relocation. The purpose of the relocation commit procedure is to transfer RB contexts from source to target RNC/BSC for PS handover. If the Relocation Commit message is sent, forwarding of RAB contexts via the CN (step 11) is not required.
· Note: The order of the steps beginning with step 10 doesn't reflect the order of events. The order of the steps is just illustrative. It may be possible that the source RNC send Relocation Commit and Forwarding of Data almost simultaneously. This is FFS.

After Relocation Commit received from Iur-g, target RNC/BSC takes over the role of new serving RNC/BSC.

13) The source SRNC/BSC continues the execution of relocation of SRNS by sending a Forward SRNS Context (RAB Contexts) message to the target RNC/BSC via the old and the new SGSN. See comments on 10). 

14) After having sent the Forward SRNS Context message/Relocation Commit, source RNC/BSC begins the Forwarding of data for the RABs to be subject for data forwarding. The data forwarding at SRNS relocation shall be carried out through the Iu interface, meaning that the data exchanged between source RNC/BSC and target RNC/BSC are duplicated in the source SRNC/BSC and routed at IP layer towards the target RNC/BSC. The source RNC/BSC should : 

· for RABs requiring loss-less relocation: stop processing DL GTP-PDUs data; 

· for RABs requiring real-time relocation: continue to process and transmit DL data normally towards the MS; 

· for both, RABs requiring loss-less relocation and RABs requiring real-time relocation start duplicating all arrive and not acknowledged & arriving DL GTP-PDUs towards the target RNC/BSC

· for loss –less RABs: stop processing DL GTP-PDUs data

15) Access bursts message is sent by the MS to the Target RAN in order to make the access to the new cell. 

16) Before Relocation detect message the target RNC starts UL reception of data and start transmission of UL GTP-PDUs towards new SGSN (for all RABs requiring real-time relocation).. This is for further study. The target RNC/BSC shall send a Relocation Detect message to the new SGSN when the relocation execution trigger is received (i.e. when target RNC/BSC detects the MS on the lower layers or the Relocation Commit message is received). At this point (It is FFS whether the target BSC has to wait for Handover Complete message to be able to exchange RB related information) the new serving RNC/BSC should:

· For all loss-less RABs and real time RABS: start UL reception of data and start transmission of UL GTP-PDUs towards CN via the new GTP tunnels.

· For real time RABs: start processing the arriving DL GTP-PDUs and start DL transmission towards the MS.

· For loss-less RABs: start processing the buffered and arriving DL GTP-PDUs and start DL transmission towards MS.

17)  Upon reception of RANAP Relocation Detect message, CN may switch the user plane from source RNC/BSC to target SRNC/BSC. If the SRNS relocation is an inter SGSN SRNS relocation, the new SGSN sends Update PDP Context Request message to the GGSNs concerned. 

18) The GGSNs update their PDP context fields and return an Update PDP Context Response message. 

19) A) [GERAN Iu-ps to UTRAN Iu-ps] In GERAN to UTRAN would be Handover to UTRAN Complete and that would be sent on UTRAN channel after establishment of lower layer connection. Access to new cell (access bursts in the figure) is done on a UTRAN channel according to UTRAN specification.

B) [UTRAN Iu-ps to GERAN Iu-ps] In UTRAN to GERAN is Handover Complete message, which is sent on a GERAN channel after lower layer connection has been established. Access in the new cell is done according to the GSM specification. The Handover Complete is used to trigger the release of the old connection. It is not guaranteed that the message is received before the sending data. Sending data can begin as was indicated in step 14.

C) [GERAN Iu-ps to GERAN Iu-ps] When the MS has reconfigured itself, it sends Handover Complete.

20) When target SRNC/BSC receives the Handover Complete or Physical Channel Reconfiguration Complete message or the Radio Bearer Release Complete message in UTRAN or Handover Complete message in GERAN, then target RNC/BSC sends the GTP Relocation Complete message to new SGSN. 

21) If the SRNS Relocation is an inter-SGSN SRNS relocation, then the new SGSN signals to the old SGSN the completion of the SRNS relocation procedure by sending a GTP Forward Relocation Complete message.

22) In case of inter-SGSN SRNS Relocation GTP Forward Relocation Complete ACK is sent as to the new SGSN. 
23) Upon receiving the Relocation Complete message or if it is an inter-SGSN SRNS relocation after receiving the GTP Forward Relocation Complete message, the old SGSN sends an Iu Release Command message to the source RNC/BSC. 

24) When the RNC/BSC data-forwarding timer has expired the source RNC/BSC responds with an Iu Release Complete message. 

5.3 GERAN Iu-ps to UTRAN Iu-ps Cell Reselection and vice-versa (Iur-g present)

This cell reselection procedure is similar to UTRAN-UTRAN relocation procedure in Iu interface, but there are changes in the air interface
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Figure 7. GERAN Iu-ps to UTRAN Iu-ps Cell reselection and vice versa-Iur-g present

In principle, the same procedures are used for SRNC relocation for NRT data services as for RT data services. Only differences are mentioned here. The state of the MS is CELL_FACH or URA_PCH in UTRAN case or in RRC Cell_Shared or RRC GRA_PCH in case of GERAN, when procedures from the signalling flow are applicable.

1) The RRC CELL UPDATE or RRC URA UPDATE message is sent by the MS to the Target RAN.

2) The Serving SRNC Relocation procedure is started when RRC CELL UPDATE or RRC URA UPDATE message is received by SRNC inside RNSAP UPLINK SIGNALLING TRANSFER message. The unknown MS should receive new RNTIs/G-RTNIs () to be used later on the radio interface or Iur-g interface.[FFS]

3) The source RAN initiates the relocation preparation procedure by sending a RANAP Relocation Required message to the old SGSN. The source RAN shall include RRC protocol context and other necessary information into a transparent container.
4) The old SGSN determines from Target ID if the SRNS relocation is intra-SGSN SRNS relocation or inter-SGSN SRNS relocation. In case of inter-SGSN SRNS relocation the old SGSN initiates the relocation resource allocation procedure by sending a GTP Forward Relocation Request message to the new SGSN. 
5) RANAP Relocation Request is sent by New SGSN to Target RAN

6) The new SGSN sends a Relocation Request message to the target RAN. After all the necessary resources for accepted RABs are successfully allocated, target RNC/BSC shall send the RANAP Relocation Request Acknowledge message to the new SGSN. All radio-related information that the MS needs for the handover is included in a transparent container. 

7) When resources for the transmission of user data between target RNC/BSC and new SGSN has been allocated and the new SGSN is ready for relocation of SRNS, the GTP Forward Relocation Response message is sent from the new SGSN to the old SGSN. This message indicates that the new SGSN and target RNC/BSC are ready to receive from source RNC/BSC the downstream packets not yet acknowledged by MS, i.e., the relocation resource allocation procedure is terminated successfully. 

8) The old SGSN continues the relocation of SRNS by sending a RANAP Relocation Command message to the source RNC/BSC. 

9) These Direct transfer messages are conveyed to the target RNC in the RNSAP Relocation Commit message (Iur-g interface present).

10)  Source RAN shall start the forwarding of data.

11) RANAP Relocation Detect message is sent to the New SGSN by the Target RNC/BSC SGSN when the relocation execution trigger is received.

12) RRC Cell Update Confirm or URA/GRA Update Confirm is sent by Target RAN to MS. New G-RNTI ( or U-RNTI in UTRAN case ) and RRC State Indicator ( indicating the state according with UTRAN/GERAN specifications).

13) MS responds with UTRAN/GERAN Mobility Information Confirm which is sent according with UTRAN or GERAN specifications.

14) When target SRNC/SBSC receives the UTRAN Mobility Information Confirm or Physical Channel Reconfiguration Complete message or the Radio Bearer Release Complete message in UTRAN or GERAN Mobility Information Confirm message in GERAN, then target RNC/BSC sends the GTP Relocation Complete message to new SGSN. 

15) If the SRNS Relocation is an inter-SGSN SRNS relocation, then the new SGSN signals to the old SGSN the completion of the SRNS relocation procedure by sending a GTP Forward Relocation Complete message.

16) GTP Forward Relocation Complete ACK is sent as to the new SGSN. 
17) Upon receiving the Relocation Complete message or if it is an inter-SGSN SRNS relocation; the old SGSN sends an Iu Release Command message to the source RNC/BSC. 

18) When the RNC/BSC data-forwarding timer has expired the source RNC/BSC responds with an Iu Release Complete message. 

5.4 GERAN Iu-ps to UTRAN Iu-ps Cell Reselection and vice-versa (Iur-g  not present)

The MS will perform RRC Cell Update procedure as in 5.3. In response the Controlling BSC/RNC will send RRC connection release with cause value “Directed Signalling connection re-establishment”. The MS will then perform RA updated procedure according to the principle in 3GPP TS 23.060 3.70 chapter 6.9.2.1. Figure 8 provides an short overview of the procedure.
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Figure 8. GERAN Iu-ps to UTRAN Iu-ps Cell reselection and vice versa-Iur-g not present (Note: HLR/GGSN and MSC/VLR not depicted)

1. The RRC CELL UPDATE or RRC URA UPDATE message is sent by the MS to the Target RAN.

2. The target BSS/RNC releases the RRC connection by sending RRC Connection Release with cause value “Directed Signalling connection re-establishment”. The reason for releasing the MS is that the target BSS/RNC does not have an Iur-g connection to the Serving BSS/RNC.

3. The MS moves to RRC Idle mode and reads SI/PSI. The MS initiate RA Update procedure by requesting the set-up of an RRC connection. LA Update shall also be performed if the LA has changed. 

4. The MS sends a RA Update message to the new SGSN.

5. The new SGSN request the old SGSN context for this particular MS.

5a.
The old SGSN are now aware that the MS has moved to another Serving BSS/RNC and send SRNS context request to the Source BSS/RNC.

6) The new SGSN informs the HLR of the change of SGSN by sending the Update GPRS Location message. The HLR will send the Cancel Location message to the old SGSN, which will trigger the releasing of Iu resources: The RANAP Iu Release Command is sent to GERAN BSS via Iu-ps.

6a) RANAP Iu Release Complete is sent when the release procedure is ended. After the Iu resources are released, the old SGSN will send the Cancel Location Ack message to the HLR to confirm the release (after that some signaling between HLR and new SGSN will take place which is not depicted in figure 8).

7) The new SGSN completes the RA Update procedure by sending RA Update Accept.

7a) The MM RA Update Accept is forwarded from target RAN to the MS within RRC Downlink Direct Transfer.

8) MM RAU Complete is sent by the MS to the target RAN using RRC Uplink diret transfer message.

8a) MM RAU Complete is sent to the new SGSN from the MS within the RANAP message Direct Transfer.

5.5 GERAN A to GERAN Iu-cs Handover 

This handover procedure is similar to GSM-UTRAN (and vice versa) relocation procedure in Iu interface, but there are changes in the air interface.
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Figure 9. GERAN A to GERAN Iu-cs Handover

This signalling flow tries to illustrate the handover procedure GERAN A- GERAN Iu-cs case. 

1) Based on the measurements the handover procedure between GERAN A mode and GERAN Iu-cs is starting. The GSM Measurement Report message is send on SACCH.The measurements of are performed and the information is exchanged between MS and GERAN BSC (A mode).
2) The A-Handover required message is sent to the MSC-A / 3G MSC-A. RNC Id and Source RNC to Target RNC transparent information are sent.

3) The MSC-A / 3G MSC-A sends MAP/E message Prepare Handover to the 3G-MSC_B. 

4) The 3G-MSC_B sends Iu Relocation Request to the Target BSC (GERAN Iu mode). RABs to be setup and Source RNC to Target RNC transparent Container are sent. 

5) Response Relocation Request Acknowledge is returned to the CN (3G_MSC-B) by the target BSC (GERAN Iu mode) via RANAP. 

6) MAP/E message Prepare Handover Response is sent by the 3G-MSC-B to the  MSC-A / 3G-MSC_A. 

7)  A- Handover Command is sent between MSC-A / 3G MSC-A and GERAN A mode. This message contains the L3 information RRC HANDOVER COMMAND. 

8) GSM RR sends on dedicated channels Handover Command[RRC HANDOVER COMMAND]. All the necessary parameters are sent. Based on this information the MS initiate signalling, traffic bearers and physical channels.

9) When target BSC (GERAN Iu mode) has detected the MS, Iu Relocation Detect message is sent to the CN node (3G _MSC-B).

10) The IU Relocation Detect, if received, is transferred using the MAP PROCESS-ACCESS-SIGNALLING request. 
11)
When the RRC connection is established with the target RNC (GERAN Iu mode) and necessary radio resources have been allocated, the MS sends RRC message Handover complete to the target BSC.

12)
Once complete the target RNC (GERAN Iu mode) sends Iu Relocation Complete to the 3G-_MSC-B.

13)
3G MSC-B sends MAP/E message Send End Signal Request to the MSC-A / 3G MSC-A.

14)
The MSC-A / 3G MSC-A sends Clear Command message to the GERAN A BSC.

15)
The source BSC (A mode) responds with Clear Complete message to the MSC-A / 3G MSC-A.

16)
The MAP/E message Send End Signal Response is sent to the 3G-_MSC-B to conclude the procedure (this message is not sent until the end of the call). 

5.6 GERAN Iu-ps to GERAN Gb Cell Reselection 

This cell reselection procedure is similar to GSM-UTRAN (and vice-versa) relocation procedure in Iu interface, but there are changes in the air interface.
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Figure 10. GERAN Iu-ps to GERAN Gb Cell Reselection

This is a procedure, which applies in case that MS has at least one RAB in use for PS domain. This signalling flow tries to illustrate the cell reselection procedure GERAN Iu-ps - GERAN Gb case.

1) MS in RRC CELL_Shared or RRC GRA_PCH state reads the IE from System Information. MS gets the measurements from GERAN Iu cells and GERAN Gb cell. Based on the reselection criteria, MS selects the GERAN Gb cell.

2) GMM PDTCH RA Update Request is sent to the target 2G-SGSN (GERAN Gb mode) by the MS.

3) Context information is exchanged between the source 3G-SGSN (GERAN Iu mode) and the target 2G-SGSN . GTP SGSN Context Request is sent from 2G SGSN to 3G-SGSN 

4) 3G-SGSN requests the air interface transmission status for N-PDUs by sending RANAP SRNS Context Request to the RANAP signalling entity of GERAN Iu-ps.

5) The RANAP SRNS Context Response is sent to 3G SGSN. The RABs context like GTP-PDU sequence numbers, N-PDU sequence number is transferred within the message.

6) GTP SGSN Context Response is sent to 2G SGSN. New SGSN needs MM and PDP context from the old SGSN.

7) After Security functions are executed the GTP SGSN Context Ack is sent to 3G-SGSN in order to perform the forwarding of data.

8) RANAP SRNS Data Forward Command message includes the list of RABs whose data should be forwarded and the necessary information for the established GTP tunnels to be used for data forwarding

9) 9a) Data Forwarding towards the new 2G-SGSN is performed.

10) The new 2G-SGSN sends an GTP Update PDP Context Request message to each GGSN concerned. 

11)  Each GGSN updates its PDP Context fields and returns a GTP Update PDP Context Response message.

12)  The new 2G-SGSN informs the HLR of the change of SGSN by sending the Update GPRS Location message. The HLR will send the Cancel Location message to the old 3G-SGSN, which will trigger the releasing of Iu resources: The RANAP Iu Release Command is sent to GERAN BSC via Iu-ps.

13)  RANAP Iu Release Complete is sent when the release procedure is ended. After the Iu resources are released, the old 3G-SGSN will send the Cancel Location Ack message to the HLR to confirm the release (after that some signaling between HLR and new 2G-SGSN will take place which is not depicted in figure 9).

14) MM sends Routing Area Update Accept informing the new identities like P-TMSI and RA-id.

15) After updating the information the MS sends the MM Routing Area Update Complete to the 2G SGSN. 

6 Conclusions

This contribution shows the possible transitions between GERAN Iu mode (GERAN RRC states), GERAN A/Gb mode (GERAN RR states) and UTRAN (UTRAN RRC states).

Transitions between states of different systems using Inter-RAT Handover and Inter-RAT Cell Reselection procedures are presented. The new Inter-RAT Cell Reselection and Inter-RAT Handover procedures between GERAN Iu-mode – UTRAN will be specified. The signaling flow examples were presented in section 5. Also handover and cell reselection procedures between GERAN A/Gb mode and Iu-mode need to be described.

It is for further study if extension to the present pre-configured RB parameters is required for handover to UTRAN from GERAN Iu-ps. It is also for further study how RB parameters are transferred to the MS when the target is GERAN Iu mode.

The principles outlined in section 1 have to be followed when drafting CRs against 23.009, 23.060 and 43.051.
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