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1 Introduction

There is currently support for N-PDU retransmission and duplication avoidance during the SRNS Relocation procedure but not for handover via the core network. The procedure for SRNS Relocation requires that an Iur interface exists between the source and target RNCs so that the transport layer (GTP-U) and RLC sequence numbers can be transferred between the source and target RNCs. The GTP-U sequence numbers are required by the target system in order to continue the sequence number series after the procedure so that the numbering seen by the GGSN is the same before and after the procedure. It is also necessary for the target system to have the GTP-U sequence number to help with reordering of N-PDUs when packets are forwarded from the source RNC.

The RLC sequence numbers are used for N-PDU retransmission and duplication avoidance. The last RLC sequence number received by the source RNC from the UE is sent to the target RNC. This is transferred to the UE by the target system during the Relocation procedure. If the last RLC sequence number used to send an N-PDU is less than this RLC sequence number then the UE knows it does not need to retransmit this N-PDU and it can be discarded. In a similar manner, the target RNC is provided with the last DL RLC sequence number used to transmit an N-PDU to the UE. The UE provides the last DL RLC sequence number it received. The target RNC can then determine whether an N-PDU should be resent or discarded.

Since the SRNS Relocation procedure and the UMTS<->GPRS handover procedures requires retransmission of N-PDUs, then the UMTS handover procedure should have the same requirement. Also, a solution for network initiated handover between GPRS and UMTS will be required for the support of real time services. The ability to transfer sequence number information will be required for this procedure as well so it should be accommodated for in release 99 of UMTS.

2 Description

2.1 General

In a similar way as the SRNS Relocation procedure, packets should be forwarded between the source RNC and the target RNC. In RLC acknowledged mode, packets that were sent to the UE but have not been acknowledged should also be forwarded. The last RLC segment sequence number used for an N-PDU should be included in the GTP-U header.

Unlike the SRNS Relocation and GPRS to UMTS handover procedures, during the UMTS handover procedure a handover message is sent to the UE to order it to change cells. This message can be used to tell the UE what the last RLC segment that was successfully received by the RNC. Therefore, when the UE changes systems, it knows which N-PDUs need to be resent to the target system, if necessary. The Handover Complete message is sent to the target system and can be used to tell the new system what the last RLC segment that the UE received. This allows the new system to know if any N-PDUs were lost and which N-PDUs need to be resent to the UE based on the RLC sequence number received in GTP-U headers.

2.2 Modification of handover via core network procedure

The following figure is based on the procedure in [2]. Only one core network is shown for simplicity. The changes to the procedure required to support transferring sequence numbers between the 3G-SGSN and the RNC are shown with change bars. 
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Hard Handover with switching in the CN 

Serving RNC makes the decision to perform the Hard Handover via CN. Serving RNC also decides into which RNC (Target RNC) the Serving RNC functionality is to be relocated. 
1.
SRNC sends Relocation Required messages to both CN nodes. 

Parameters: target RNC identifier, Information field transparent to the CN node and to be transmitted to the target RNC.
Upon reception of Relocation Required message CN element prepares itself for the switch and may also suspend data traffic between UE and itself for some bearers. 

2.
When preparation is completed CN node conveys a Relocation Request message to the target RNC.

Parameters: bearer ID's requested to be rerouted towards the CN node, from which the Relocation Request originated.
CN indicates in the message whether it prefers point to multipoint type of connections within CN or hard switch in CN. In this example the latter is assumed.

Target RNC allocates necessary resources within the UTRAN to support the radio links to be used after completion of the Hard Handover procedure. 

3. Target RNC and CN node establish the new Iu transport bearers for each Radio Access Bearer related to the CN node. 

4. When RNC has completed preparation phase, Relocation Request Acknowledge is sent to the CN element.

Parameters: transparent field to the CN which is to be transmitted to the Source RNS. 

5. When CN is ready for the change of SRNC, CN node sends a Relocation Command to the RNC. Message contains the transparent field provided by Target RNC. 

Parameters: information provided in the Information field from the target RNC.

6. Source RNC sends a RRC message Handover Command (Hard Handover) to the UE.

Parameters: Handover type.
7. When the source RNC receives the Relocation Command, it sends the Forward SRNS Context message to the CN.

Parameters: Cause, RAB ID, DL GTP-PDU sequence number, UL GTP-PDU sequence number, UL GTP-PDU Sequence number, UL RLC-PDU sequence number, DL RLC-PDU Sequence number.
8. When the CN receives the Forward SRNC Context message from the source RNC it sends the Forward SRNS Context message to the target RNC.
Parameters: Cause, RAB ID, DL GTP-PDU sequence number, UL GTP-PDU sequence number, UL GTP-PDU Sequence number, UL RLC-PDU sequence number, DL RLC-PDU Sequence number.
9.
When target RNC has detected the UE, Relocation Detect message is sent to the CN nodes.
Target RNC switches also the connection towards the new Iu, when UE is detected. After the switch UL traffic from node-B's is routed via the newly established MDC to the new MAC/RLC entities and finally to the correct Iu transport bearer. 
DL data arriving from the new Iu link is routed to newly established RLC entities, to the MAC and to the MD-splitter and Nodes B. 

10. 
When the RRC connection is established with the target RNC and necessary radio resources have been allocated the UE sends RRC message Handover complete to the target RNC.

 11
After a successful switch and resource allocation at target RNC, RNC sends Relocation Complete messages to the involved CN nodes. 

At any phase, before the Relocation Complete message is sent, the old communication link between the CN and UE is all the time existing and working and the procedure execution can be stopped and original configuration easily restored. If any such unexpected thing occurs a Relocation Failure message may be sent instead of any message numbered 3-10 and 13-14 described in this above.

12.
The CN node initiates the release of the Iu connections to the source RNC by sending RANAP message Iu Release Command. 

13.
Upon reception of the release requests from the CN nodes the old SRNC executes all necessary procedures to release all visible UTRAN resources that were related to the RRC connection in question.
2.3 Modifications required to RANAP [1]

2.3.1 Modifications to RANAP procedures

The following sections describe the required changes to the RANAP to add the SRNS Context Forwarding procedure. Two new procedures are defined and one new message. 
8.x
SRNS Context Forwarding from source RNC to CN
This procedure may be used to transfer SRNS contexts from the source RNC to the CN (PS domain) in case of backward handover via the CN. Messages belonging to this procedure utilise the connection oriented mode of the Iu signalling bearer. SRNS contexts are sent for each concerned RAB and contain the sequence numbers of the GTP-PDUs next to be transmitted in the uplink and downlink directions and the next RLC sequence numbers that would have been used to send and receive data from the UE.
The source RNC initialises the procedure by sending FORWARD SRNS CONTEXT message to the CN. The FORWARD SRNS CONTEXT message contains the RAB Context information for each referenced RAB. For each RAB the following information is included 

· the sequence number for the next downlink GTP‑PDU to be sent to the UE, and 

· the sequence number for the next uplink GTP‑PDU to be tunnelled to the GGSN. 

· the sequence number of the UL RLC-PDU which carried the last segment of the last N-PDU forwarded to SGSN.

· the sequence number of the DL RLC-PDU which carried the last segment of the last N-PDU sent to the UE.

The SRNS Context information will be forwarded to the target RNC over the CN. 
The signalling flow for this procedure is shown in the following figure:
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8.x
SRNS Context Forwarding to target RNC from CN
This procedure may be used to transfer SRNS contexts from the CN (PS domain) to the target RNC in case of backward handover via the CN. Messages belonging to this procedure utilise the connection oriented mode of the Iu signalling bearer. SRNS contexts are sent for each referenced RAB and contain the sequence numbers of the GTP-PDUs next to be transmitted in the uplink and downlink directions and the next RLC sequence numbers that would have been used to send and receive data from the UE.

The CN initialises the procedure by sending FORWARD SRNS CONTEXT message to the target RNC. The FORWARD SRNS CONTEXT message contains the RAB Context information for each referenced RAB. For each RAB the following information is included 

· the sequence number for the next downlink GTP‑PDU to be sent to the UE, and 

· the sequence number for the next uplink GTP‑PDU to be tunnelled to the GGSN. 

· the sequence number of the UL RLC-PDU which carried the last segment of the last N-PDU forwarded to SGSN.

· the sequence number of the DL RLC-PDU which carried the last segment of the last N-PDU sent to the UE.

The signalling flow for this procedure is shown in the following figure:
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2.3.2 Modifications to message contents

9.1.7 FORWARD SRNS CONTEXT 

Information element
Reference
Type

Message type

M

Cause

M

RAB Contexts x n

O

    RAB ID

M

    DL GTP-PDU Sequence Number 

M

    UL GTP-PDU Sequence Number 

M

    UL RLC-PDU Sequence Number

M

    DL RLC-PDU Sequence Number

M

3 Proposals

1. Add the changes shown in section 2.3.1 to the RANAP specification procedures in two new sections.

2. Add the changes shown in section 2.3.2 to the RANAP specification message contents, section 9.1

3. Send a liaison statement to RAN2 about including the RLC sequence number parameters in the RRC Handover Command and Handover Complete messages.

4. Send a liaison statement to SA2 to inform them of the changes made to RANAP and the corresponding procedure that the changes are based on.

4 References

[1] UMTS 25.413 UTRAN Iu Interface RANAP Signalling v 1.3.1 ,  

[2] 25.931 v1.2.2, UTRAN Functions, Examples on Signalling Procedures.
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10. DCCH : Handover Complete
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