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Handovers and Cell Reselections 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).

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 A/Gb-mode and UTRAN 
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Figure 2. Handover procedures between GERAN A/Gb mode - UTRAN
This procedure is performed as described in R99 specifications:

· For a MS in CELL_DCH or in CELL_FACH state the Inter-RAT handover procedure is based on measurement reports from the MS but initiated from UTRAN. The MS performs the Inter-RAT handover from UTRAN Connected Mode to A/Gb Connected Mode first. If the Inter-RAT handover from UTRAN Connected Mode to RRC Connected Mode is successful, the RR Dedicated mode of operation is entered.

· For a MS in RR Connected Mode, the Inter-system handover procedure is based on measurement reports from the MS but initiated from GSM / BSS. The MS performs the inter-system handover from GSM Connected Mode to UTRAN Connected Mode. If the Inter-RAT handover from GERAN RR Connected mode to UTRAN Connected Mode is successful the UTRAN RRC CELL_Dedicated is chosen. In case of handover failure the MS has the possibility to go back to GERAN RR Connected Mode and re-establish the connection in the state it originated from.

3.3 Inter-RAT Handover between GERAN Iu-mode and UTRAN
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Figure 3. 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 a MS in RRC CELL_DEDICATED state can perform Inter-RAT Handover procedure to UTRAN. If the handover procedure succeeds then MS enters either CELL_DCH or CELL_FACH state. In case of handover failure the MS has the possibility to go back to GERAN RRC Connected Mode and re-establish the connection in the state it originated from.

On the UTRAN side, the Inter-RAT Handover procedure can be initiated in CELL_FACH or CELL_DCH states. 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 and re-establish the connection.

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).

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 4. 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 A/Gb- mode and UTRAN

This procedure is performed as described in R99 specifications:

· When a cell reselection is triggered, the MS shall evaluate the cell reselection criteria based on radio measurements, and if a better cell is found that cell is selected, procedure Cell reselection (see 3GPP TS 25.304). If the change of cell implies a change of radio access technology, the RRC connection is released, and the MS enters idle mode of the other RAT. If no suitable cell is found in the cell reselection procedure, the RRC connection is released, and the MS enters idle mode.

· When a cell reselection which result in change from A/Gb mode (i.e. from the RR idle/packet idle mode of operation) to UTRAN, is performed the RR 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. 

· GERAN A/Gb mode toUTRAN: RR Cell Change Order is used to completely modify channels allocated to the mobile station e.g. when the cell is changed. The network initiates the RR-network controlled cell change order procedure by sending a RR-CELL CHANGE ORDER message to the mobile station on the main DCCH. The RR-CELL CHANGE ORDER message contains the characteristics of the new cell. For a 3G multi-RAT mobile station, the RR-CELL CHANGE ORDER message may contain information on a 3G target cell. 

· UTRAN to GERAN A/Gb mode: The inter-RAT cell change order procedure is to transfer, under the control of the network, a connection between the MS and UTRAN to another radio access technology, in this case to GERAN A/Gb mode. This procedure may be used in CELL_DCH and CELL_FACH state. 

4.3 Inter-RAT Cell Reselection between GERAN Iu-mode and UTRAN
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Figure 5. Cell Reselection procedures between GERAN Iu mode and UTRAN

In case of GERAN Iu-mode there is possibility to perform cell reselection as is described in R'99 (between GERAN Gb mode and UTRAN) or to keep the RRC connection on and avoid the transition to Idle mode. The latter alternative is proposed.

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, 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 only if they are belonging to the same registration area.

· UTRAN to GERAN Iu-mode: If the cell reselection is triggered in RRC Cell_FACH, or URA_PCH 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, 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 only if they are belonging to the same registration area. 

· Network controlled from UTRAN CELL_DCH state to GERAN Iu-mode: If the network controlled cell reselection is triggered in CELL_DCH 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. 
5 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. Also handovers and cell reselction procedures between GERAN A/Gb mode and Iu-mode need to be described.
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