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R3 is studying the relocation of real-time services from the PS Domain as part of R00 work, especially having the voice and video over IP services in mind. In advancing this study, an update to the GGSN-based bi-casting solution for SRNS relocation in the PS Domain has been submitted to R3 (R3-001380 is attached). R3 would like to inform S2 that we are studying the proposals from R3 point of view, and would like S2 to consider this updated proposal from their point of view. Especially we would like to point out that a view is needed on the following two changes in CN signaling protocols:

1. Dividing the GGSN update into 2 phases (start and stop of bi-casting), and analyse possibilities to better integrate the GGSN update with the relocation.

2. Either updating GGSN always when RNC changes even though SGSN is not changed (i.e. making intra-SGSN and inter-SGSN Relocation visible to GGSN), or specifying bi-casting for both SGSN and GGSN (SGSN bi-casting in the case of intra-SGSN Relocation, and limiting GGSN involvement to inter-SGSN Relocation only).
Additionally, R3 asks that S2 consider the delay for the Update PDP Context procedure to initiate bi-casting. As this procedure is inserted between the RELOCATION REQUST and RELOCATION REQUST ACKNOWLEDGE messages, it delays the transfer of the HO COMMAND from target RNC to source RNC. 
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1. Introduction

This contribution summarizes the impacts to the Iu interface standards (list specs here) to implement the bi-casting proposal described in R3-001050 "SRNS relocation for the PS domain – study of the delay with the bi-casting mechanism". That paper studies the SRNS relocation and hard handover mechanisms in terms of delay with the other option proposed by SA2 (bi-casting mechanism).

2. Message Flows

The SRNS relocation and hard handover procedures with bi-casting are broken down into 3 phases; for each phase, an estimation of the delay is provided. The three phases are:

Phase 1 - Resource Reservation: The existing path of the data traffic is not changed.  A bi-casting leg is initiated.

Phase 2 - Actual handover of Serving RNC: The UTRAN connection point is moved to the target RNC (new Serving RNC) and downlink traffic is forwarded from (old) Serving RNC to the Target RNC

Phase 3 - Routing Area Update initiated by an MS that is in PMM‑CONNECTED state, which is described in the RA update subclause.
2.2
SRNS Relocation message flow
The SRNS relocation procedure is described in the procedure illustrated in Figure 1. Each step is explained in the following list.
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Figure 1: Phases of Serving RNC Relocation

1) "Resource Reservation" phase:

During this phase, the transmission of packets between GGSN and MS through the SRNC continues.

1)
UTRAN (source RNC) makes the decision to perform the Serving RNS relocation procedure. This includes decision of into which RNC (Target RNC) the Serving RNC functionality is to be relocated. The source RNC sends Relocation Required message to the SGSN1. Included in the message is the SourceToTargetTransparentContainer. This container may include the necessary information for Relocation co-ordination, security procedures and the handling of UE Capabilities. The container may include the RRC context to be relocated within the RRC Container IE. 

2)
If the SGSN1 determines from target RNC Identifier that the SRNS relocation is an Inter-SGSN SRNS Relocation, then SGSN1 sends a Forward Relocation Request to SGSN2. Included is the UTRANTransparentContainer, which carries the SourceToTargetTransparentContainer from the Relocation Required message.  Additionally, the PDP Contexts and the MM Context are carried over. 

3) The SGSN2 sends a Relocation Request message to the target RNC. 

4) When the Iu user plane transport bearers have been established, and target RNC completed its preparation phase, Relocation Acknowledge message is sent to the SGSN2. Carried in this message are the RNC IP address(es) (possibly one address per PDP context) on which the target RNC is willing to receive these packets and the Tunnel End Point Identifier(s) to be used within the GTP protocol when sending packets to this RNC. 
5) At this point, SGSN2 has enough information to establish the new GTP tunnel. SGSN2 establishes a GTP tunnel switching point between this new GTP tunnel (which is being established between the GGSN and SGSN2) and the GTP tunnel between the target RNC and SGSN2 in step 4 above. This is initiated by sending Update PDP Context Request to the GGSN(s) with active PDP context(s) for the subscriber. A flag indicating that bi-casting is to commence is included. The GGSN retains the flow through the old GTP tunnel to the old SGSN (SGSN1) and on to the source RNC. Meanwhile, the GGSN starts to bi-cast packets sent on that old tunnel onto the new tunnel being established via this message. Packets sent both on the old and the new tunnels are flagged as "bi-casted". (This enables the RNCs to be aware if a packet has been bi-casted.) Packets begin to flow downlink to the new SGSN (SGSN2) and on to the target RNC (over the established GTP tunnel switching point). The target RNC discards these downlink packets at this time. 
NOTE: This is a change to the Release '99 specification as previously the old SGSN (SGSN1) would update the PDP context after the relocation was completed. And, the Update PDP Context does not yet include a bi-casting request flag.  And the bi-casting function is new for the GGSN.

6) At this point, the GGSN sends the Update PDP Context Response message to the new SGSN (SGSN2) indicating that bi-casting has commenced. SGSN2 is informed of the GTP tunnel address and endpoint identifier. Upon receipt of this message, SGSN2 connects uplink part of the GTP tunnel on the Iu with the uplink part of this new GTP tunnel on the Gn. 
7) At this point, Forward Relocation Response message is sent from SGSN2 to SGSN1 indicating that the relocation can proceed from the viewpoint of SGSN2, the GGSN and the target RNC.

NOTE: Note another change to the existing standard is that the TargetRNCInformation is omitted as it is un-needed for bi-casting.

2) "Actual handover of Serving RNC" phase:

In this phase, the packet flow is paused as the serving RNC function is relocated from the source RNC to the target RNC.

8) When the Forward Relocation Response has been received at SGSN1, a Relocation Command message is sent to the source RNC to indicate that SRNS relocation may occur at this point. 

9) Once the source RNC notes arrival of GTP packets flagged as "bi-casted", the source RNC can safely assume that same GTP packet will arrive (or has arrived) at the target RNC as well. Utilizing the Relocation Commit message, the source RNC informs the target RNC that it is to assume the serving RNC function. For real-time services, it is expected that transparent mode RLC connections are utilized. Downlink packets received from the GGSN (via GTP tunnels) may be buffered in case the relocation is aborted, but otherwise they will be discarded.  (The target RNC is receiving duplicate copies of these as well.)

10) Upon receipt of the Relocation Commit message, the target RNC starts acting as SRNC. This new SRNC:
· Stops forwarding uplink packets over the Iur to the old SRNC, and takes over processing these packets directly and forwarding them on the previously established GTP tunnel over the Iu towards SGSN2.

· Begins forwarding downlink payload arriving from SGSN2 over the GTP tunnel on the Iu interface towards the UE/MS.  

11) Immediately after a successful switch at RNC, target RNC (=SRNC) sends Relocation Detect message to the SGSN2. 

12) At this point, the new SRNC sends New MM System Information to the MS indicating e.g. relevant Routeing Area and Location Area. Additional RRC information may then also be sent to the MS, e.g. new RNTI identity. The new RAI triggers a RA Update procedure (case initiated by MS in PMM‑CONNECTED state). Note, the uplink traffic shall not be stopped due to the new MM System Information or the RA Update procedure.

13) After sending out the New MM System Information, the target RNC sends a Relocation Complete to SGSN2. 

14) Once SGSN2 is satisfied that the relocation has completed, Forward Relocation Complete is sent to SGSN1. SGSN1 releases old resources for relocated session. 

15) SGSN1 sends Update PDP Context Request to the GGSN to turn off the bi-casting, completing the switch of the GTP flows towards SGSN2. 

16) GGSN response with Update PDP Context Response.

17) SGSN1 releases old RNC Iu resources with Iu Release message.

For an MS with GPRS‑CSI defined, CAMEL interaction may be performed, see referenced procedures in 3G TS 23.078:

C1)
CAMEL-GPRS-SGSN-Context-Acknowledge.

C2)
CAMEL-GPRS-Routeing-Area-Update.

2.2 Hard Handover message flow
The Hard Handover procedure is described in the procedure illustrated in Figure 2. Each step is explained in the following list.
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Figure 2: Phases of Hard Handover

1. 
"Resource Reservation" phase:

This phase is identical to phase 1 for the SRNS Relocation case described in section 2.1 above.

2. 
"Actual handover of Serving RNC" phase:

In this phase, the packet flow is paused as the serving RNC function is relocated from the source RNC to the target RNC. This phase is nearly identical to phase 2 for the SRNS Relocation case described in section 2.1. However, the main changed is in steps 9 and 10 described below.

9) Once the source RNC notes arrival of GTP packets flagged as "bi-casted", the source RNC can safely assume that same GTP packet will arrive (or has arrived) at the target RNC as well. The source RNC informs the UE/MS it is ready for the relocation (hard handover) and provides the necessary parameters for the UE/MS to contact the target RNC (new SRNC). For real-time services, it is expected that transparent mode RLC connections are utilized. Downlink packets received from the GGSN (via GTP tunnels) may be buffered in case the relocation is aborted, but otherwise they will be discarded.  (The target RNC is receiving duplicate copies of these as well.)

10) Upon detection of the UE/MS hard handover, the target RNC starts acting as SRNC. This new SRNC:
· Restarts the traffic channel connection and begins forwarding uplink packets on the previously established GTP tunnel over the Iu towards SGSN2.

· Begins forwarding downlink payload arriving from SGSN2 over the GTP tunnel on the Iu interface towards the UE/MS on the newly established traffic channel.

NOTE: A break in transmission is expected as the UE/MS performs this hard handover and the target RNC restarts the communication link. The length of the mute period has yet to be determined; however, it is expected to be quite small.

4. Conclusion

The bi-casting solution presented describes a method for SRNS relocation which potentially has no impact on delay while making minimal protocol extensions on Iu and Gn interfaces. Procedural changes are required at the SGSN, GGSN, and RNC.  Additionally, bi-casting is shown to apply for hard handover as well, and it minimizes the impact on delay by containing the transmission break to the absolute minimum time for the UE/MS to perform the hard handover. 

It is expected that these same techniques can be applied to the GERAN on the proposed Iu-PS interface, yielding similar delay performance.
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