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DTM HANDOVER – Parallel CS and PS Handovers

1. Introduction


During 3GPP TSG GERAN #25 the requirements for the DTM Handover have been agreed, see GP-051601.
This document is presenting the solution for  the DTM Handover from GERAN A/Gb mode to GERAN A/Gb mode. In Section 2 the requirements are summarized. The detailed description of the signaling solution for DTM Handover is given in Section 3 and the impacts are summarized in Section 4 and Section 5. 
2. Requirements

The following requirements are proposed for the definition of the DTM handover procedure (see GP-0515601) in GERAN A/Gb mode:

· CS domain handover may have the same priority as the PS domain handover or one domain CS (or PS) may have priority over the other domain PS (or CS);

· The DTM handover procedure is always initiated by the network in the source cell (source BSS) based on the measurement reports or other triggers such as congestion or insufficient QoS for packet services. While in dual transfer mode the MS regularly sends either MEASUREMENT REPORT or ENHANCED MEASUREMENT REPORT messages to the network (=source BSS). These messages contain measurement results about reception characteristics from the current cell and from neighbouring cells. Upon reception of measurement messages the network may originate an intracell or intercell handover of dedicated and shared resources by sending e.g. HANDOVER REQUIRED (for CS) and PS HANDOVER REQUIRED (for PS) messages.;

· 
· The control entity of the DTM handover procedure is RR protocol;

· Source adapts to the target principle should be followed for the DTM handover procedure;

· DTM handover should not introduce any significant additional interruption of the CS service vs. CS-only handover.

· DTM handover is successful if both CS and PS handovers are successful

· DTM handover fails if at least one of CS and PS handovers fails

3. General Solution

The DTM Handover solution identified: 

· Utilizes both CS and PS Handover procedures in parallel and co-ordinates the results in the source and in the target BSSs, in order to be able to generate a DTM Handover Command, which is sent to the mobile. This is illustrated in §3.1.

3.1 DTM Handover - Parallel CS and PS Handovers

This proposal:

· Utilizes the PS handover procedures that are currently being standardized in TSG GERAN [3GPP TS 43.129] and CS handover procedures as defined in [3GPP TS 23.009] in parallel - “CS and PS handover in parallel” 

At first sight this approach seems to be the most attractive as it has minimum impact on the existing CS and proposed PS Handover procedures. The CS domain signalling (respectively PS domain signalling) will ensure that CS resources (respectively PS resources) are reserved on the target side. 

3.1.1 Procedures

For each DTM Handover scenario depending on whether CS and/or PS handover(s) can be successfully completed (depending on e.g. the availability of CS and PS resources in the target cell), when the MS is still in the source cell the following applies:

· If both CS and PS handovers can be successfully completed then DTM handover procedure is successful and the MS can continue in dual transfer mode in the target cell.

· If CS handover can be successfully completed but PS handover fails then DTM handover procedure fails , due to the requirement in §2,CS handover may be performed or may be cancelled. It is left to the implementation whether to cancel the CS handover or not in this case. If CS handover is performed then MS continues in dedicated mode in the target cell. While in dedicated mode the MS may request PS resources in the target cell as specified in 3GPP TS 44.018.

· If PS handover can be successfully completed but CS handover fails then DTM handover procedure fails, due to the requirement in §2, and PS handover either may be cancelled or may continue. It is left to the implementation whether to cancel the PS handover or not in this case.
· If both PS handover fails and CS handover fails then DTM handover procedure fails, due to the requirement in §2, and MS stays on the current channel configurations in the source cell. The network in the source cell may decide to re-initiate the handover for both PS and CS domains or to re-initiate one of them.
· 
· 
· 
· 
 
3.1.2 DTM handover signalling solution

DTM handover signalling is split into two parts:

· Successful case:

Parallel CS and PS handovers are utilizing the existing CS signalling handover procedures as defined in 3GPP TS 23.009 and PS handover signalling procedures as defined in 3GPP TS 43.129 in parallel:

· The BSS in the source cell is mandated to send the same target cell for both CS and PS domains to both MSC and SGSN (only one target cell shall be indicated on the CS side). In this case the signalling solution does not depend on the presence of the Gs Interface (i.e. the signalling solution for NMOI equals the signalling solution for NMOII & NMOIII). 

· Failure Cases

· Examples of scenarios depending on whether CS and/or PS handover(s) can be successfully completed in both CS and PS network domains (since e.g. the availability of CS and PS resources on the target cell) and the MS is still in the source cell, as defined in §3.1.1. 
In this version of the paper only the solution for the successful case is introduced.

3.1.3 Successful case

3.1.3.1 Proposal 

The main target of the solution proposed for DTM Handover is to reduce the CS and/or PS service interruption time whilst maintaining or improving the quality of CS and/or PS services by enabling the handover of the CS and/or PS resources to a different cell/channel.
The DTM Handover mechanism is based on the synchronization of the handover of the PS and the CS resources in both the source BSS and the target BSS. This mechanism is supported by the following functions: 

· Indications to target BSS that the CS handover and PS handover are ongoing at the same time for the same MS (see Figure 1);

· Synchronization of the handover of the CS and PS resources to the same target cell during DTM handover procedure.

· Management of the synchronization of the CS and PS handover in the source and target cell (see Figure 1 and Figure 2).
The enhancements proposed for realization of the DTM Handover are illustrated in the Figure 1 and Figure 2.
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Figure 1. DTM Handover Enhancements-preparation phase
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Figure 2. DTM Handover Enhancements-execution phase
3.1.3.2 Network Support of DTM Handover

A mechanism must be defined for handling the case where the target cell (BSS) does not support the DTM handover mechanism.  One possible solution would be to configure this information via O&M; another might be to define a RIM application to make this known to the source BSS before deciding a target cell for the handover.  This is FFS.  
As DTM Handover is a rel-7 feature, other possible solution would be to make DTM enhancement feature mandatory for DTM HO.
3.1.3.3 PS Indication and CS Indication IEs 

As illustrated in Figure 1, two IEs are needed to allow for synchronizing the PS handover and CS handover in the target BSS. These indications are set by the source BSS and only used by the target BSS. Such indications allow the target BSS to wait for both HANDOVER REQUEST and PS HANDOVER REQUEST messages (see Figure1) before it sends the acknowledgments to the CN:

· PS Indication IE is sent in the HANDOVER REQUIRED message (BSS->CN) and HANDOVER REQUEST message (CN->BSS) within the Old BSS to New BSS transparent container (see 3GPP TS 48.008). 

· CS Indication IE is sent in the PS HANDOVER REQUIRED message (BSS->CN) and PS HANDOVER REQUEST message (CN->BSS) within Source BSS to Target BSS container (see 3GPP TS 43.129).

3.1.3.4 Synchronization

The handovers of the PS and CS resources shall be synchronized in the target system.

During the handover of the CS resources, the BSS initiating the handover sends to the MSC a list of BSSs (Cell Identifier list (preferred) IE) from which the MSC will choose one as a target BSS for handover of the CS resources. During the handover of the PS resources the BSS initiating the handover selects one Target Cell based e.g. on the received measurement reporting and sends this further to the SGSN. In the DTM handover case the SGSN does not have any knowledge about the target BSS chosen by the MSC from the list. In order for the SGSN to initiate handover to the same cell as the one chosen by the MSC, the following solution is proposed:

· Source BSS selects the same target cell ID for the CS and PS domains based e.g. on the neighbouring cell measurement reports received from the MS

· The source BSS  is mandated to send the same information concerning the single selected target cell Id in the Cell Identifier List (preferred) IE within the HANDOVER REQUIRED message and in the Target Cell Id IE within the PS HANDOVER REQUIRED message (i.e. the Cell Identifier List (preferred) IE shall indicate a single target cell id).

3.1.3.5 Source and Target BSS DTM handover timers for management of the synchronization of the CS and PS resource allocation 

As illustrated in Figure 1 and Figure 2, two timers are proposed as presented below.

Target BSS timer (T1)

T1 is defined in the target BSS (see Figure 1). 

The purpose of this timer is the management of the CS and PS resource allocation needed for performing DTM handover. For a limited amount of time i.e. timer T1, the target BSS can wait for the PS handover signaling or CS handover signaling (depending on which is received first) in order to prepare the DTM handover information (CS and PS resource availability) for the source BSS. The maximum value of the timer T1 will be defined in the standard. The actual value used would then be implementation specific, but not above the maximum value.
The target BSS has to wait for both handover request messages (HANDOVER REQUEST and PS HANDOVER REQUEST messages) with the CS and the PS information in order to be able to build the transparent container sent from the target BSS to the source BSS containing the DTM HANDOVER COMMAND message.

The definition of the timer T1 is given below:

· The timer T1 is started upon receipt of the first handover request message indicating DTM handover, e.g. HANDOVER REQUEST message with PS indication IE indicating that PS handover happens as well in the target BSS.

· The timer T1 is stopped at reception of the last handover request message, e.g PS HANDOVER REQUEST message with CS Indication IE indicating that CS handover happens as well in the target BSS and indicating the same target cell id as the first handover request message. 

· Upon stopping timer T1, if the target BSS has not enough radio resources for the CS domain (or respectively the PS domain) the DTM handover fails and a HANDOVER REJECT message (or respectively a PS HANDOVER REJECT message) is sent by the MSC (or respectively the SGSN), to the source BSS. The source BSS may then proceed only with CS handover (or respectively PS handover).
· Upon stopping timer T1, if the target BSS has not enough radio resources for both the CS domain and the PS domain the DTM handover fails and a HANDOVER REJECT message and a PS HANDOVER REJECT message is sent by the MSC and the SGSN respectively, to the source BSS. The source BSS may then re-initiate either both PS and CS domains handover procedures or may choose to perform handover for one of the domains.
· 
· 
· At the expiry of the timer T1, if either CS or PS handover fails (e.g. the target BSS has not received the HANDOVER REQUEST or PS HANDOVER REQUEST message from the MSC or SGSN respectively) the target BSS shall proceed with the CS or PS handover. The source BSS may retry the handover or may decide to continue with the handover of the CS or PS resources and in this case the failed PS or CS resources may be requested/allocated after the successful access of the MS in the target cell)
Source BSS timer (T2)

The purpose of this timer is to enable the source BSS to send the DTM HANDOVER COMMAND message. For a limited amount of time i.e. timer T2, the source BSS should wait for both the PS and the CS handover signaling before sending the DTM HANDOVER COMMAND message to the MS. The value of the timer T2 is larger than the value of the timer T1. The maximum value of the timer T2 will be defined in the standard. The actual value used would then be implementation specific, but not above the maximum value.
The definition of the timer T2 is given below: 

· The timer T2 is started when the 1st handover required message indicating DTM handover, i.e. either HANDOVER REQUIRED COMMAND (with CS information) or PS HANDOVER REQUIRED (with PS information) message has been sent in the source cell.

· Upon reception of the first handover required acknowledgement message (HANDOVER COMMAND or PS HANDOVER REQUIRED ACK), the source BSS may stop T2, attempt to empty any downlink buffers and then send the DTM HANDOVER COMMAND message to the MS. If the source BSS decides to wait for both of the handover required acknowledgement messages timer T2 is stopped when the source BSS has received last  one of these messages. 
· At the expiry of the timer T2, if only one of the HANDOVER COMMAND message or PS HANDOVER REQUIRED ACK message is received, the source BSS may go ahead with the DTM Handover procedure by sending the DTM HANDOVER COMMAND message to the MS or may repeat the preparation phase.
· 
· 
· At the expiry of the timer T2, if neither the HANDOVER COMMAND message nor the PS HANDOVER REQUIRED ACK message has been received, the source BSS may re-initiate both the PS and CS handovers or may choose to perform handover for either the CS or the PS domain.
3.1.4 Signalling flows- examples

See the annex.

4. Summary of the impacts on the MS and network nodes

4.1 MS

DTM Handover concept with support of PS Handover 3GPP TS 43.129 signalling, the following impacts are foreseen to the MS:
· The MS decodes a new Handover message while in RR Connected - DTM state to reconfigure  the PS resources and the CS resources. This message is DTM HANDOVER COMMAND message.

· The MS has to send XID response to the CN in all the Inter-SGSN scenarios when PS handover procedure defined in 3GPP TS 43.129 is successful. This is inherited by the use of the PS handover procedures.

4.2 BSS

DTM Handover concept with support of PS Handover 3GPP TS 43.129 signalling, the following impacts are foreseen to the BSS:
· Co-ordination of the target cell between PS and CS signaling; only one target cell ID is selected and sent to the MSC.
· Indicators of PS and CS handover initiation

· New IEs added into the transparent containers sent from the source BSS to the target BSS for both domains

· Timers defined in the source BSS (T2) and the target BSS (T1) 

· If during the CS handover only one target cell is sent to the MSC and the same target cell is sent to the SGSN by the source BSS then:

· The signalling solution doesn’t depend on the network modes of operation

· Target BSS builds the air interface DTM Handover Command message based on the information received in the transparent containers from the source BSS and information received from the new SGSN (e.g. NAS container for PS HO). The message is sent transparently from the target BSS to the source BSS in the Layer 3 Information transparent Container within Handover Request Ack message and Handover Command message. The message can be also sent within the PS HANDOVER REQUEST ACK message and PS HANDOVER REQUIRED ACK message. If both PS and CS resources are succefully allocated, the source BSS shall receive the DTM HANDOVER COMMAND message via both CS and PS domains and then the target BSS has to ensure that the same information shall be included in the message and then the source BSS has to discard one of them.

· New DTM handover procedures will be defined while the MS and the network are in dual transfer mode:

· DTM HANDOVER COMMAND message is a layer 3 (RR) message sent encapsulated in a RLC/MAC message, on PACCH 

· DTM HANDOVER COMMAND message is sent enciphered in consequence security issues could occur (this is still FFS) given HANDOVER COMMAND can be ciphered today.

4.3 MSC

No impacts are foreseen to the MSC when DTM Handover is performed using in parallel PS and CS procedures. 
4.4 SGSN

No impacts are foreseen to the MSC when DTM Handover is performed using in parallel PS and CS procedures.

5. Summary of impacts on Specifications

The following impacts are foreseen to the specification if the solution for GERAN A/Gb mode to GERAN A/Gb mode presented in this paper is adopted.

Table 1. Impacts on Specifications when PS handover as defined in [3GPP TS 43.129] and CS handover procedure as defined in [3GPP TS 23.009] are utilized
	24.008
	The indication in CLASSMARK3 IE and MS RAC IE that DTM Handover is supported

	23.060
	The introduction of DTM Handover procedures and signalling flows

	43.055
	The description of the DTM handover procedures and signalling flows

	43.129
	DTM handover description

	44.018
	DTM Handover procedures to be described; DTM Handover messages

	48.008
	PS INDICATION IE is added to the Old BSS to New BSS Transparent Container; BSS is mandated to send one target cell ID in the HANDOVER REQUIRED message.

	48.018
	CS INDICATION IE is added to the Source BSS to Target BSS Transparent Container


6. Conclusion

The main goal for the development of the concept of the DTM handover is to minimize the end-to-end delays in DTM when a delay-sensitive PS data flow is ongoing. This document covers the solution for the DTM HANDOVER, only successful case, GERAN A/Gb mode to GERAN A/Gb mode scenarios.

The proposed solution attempts at minimizing the impact on the standard. The following solution is given: 

· The PS handover procedures currently being standardized in TSG GERAN [3GPP TS 43.129] and the CS handover procedures are utilized 

· The PS and CS handover procedures will be executed in parallel

Most impacts are located on the BSS and MS sides, while the impact on CN is minimal.

7. Annex
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Figure 3. Successful Case Example DTM Handover :Inter-BSS Inter-MSC Inter-SGSN DTM Handover, using PS Handover procedures as defined in 3GPP TS 43.129, preparation phase
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Figure 4. Successful Case Example DTM Handover :Inter-BSS Inter-MSC Inter-SGSN DTM Handover, using PS Handover procedures as defined in 3GPP TS 43.129, execution phase
Note: In Figure 4 PS HANDOVER COMMAND message is PS Handover Required Ack message
Note1: 
There might be an option that PS HANDOVER COMPLETE message can be triggered from the DTM HANDOVER COMPLETE message in order to speed up the release of the packet resources. If there is a problem with the PS resources the MS will adopt PS procedures in the target cell rather than revert to the old cell.
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