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3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in [1] apply.

A/Gb mode: mode of operation of the MS when connected to the Core Network via GERAN and the A and/or Gb interfaces.

PFC subject to handover: refers to a PFC that is supported using packet switched handover, e.g. a PFC with conversational QoS class. Whether a PFC needs handover or not is decided by the BSS. This decision criteria is not be standardised. 

Packet forwarding: A downlink packet flow is forwarded from the old to the new side (either intra BSS, Intra SGSN or Inter SGSN).

Packet forwarding of duplicated packets: A downlink packet flow is duplicated (either in the Source SGSN or in the BSS) and duplicated packets are forwarded to the target side while transmission to the source is still ongoing.

Bi-casting: A downlink packet flow is duplicated and transmitted at the same time into the source and the target cell.
3.2
Symbols

For the purposes of the present document, the following symbols apply:

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the following abbreviations apply:

ATM
Asynchronous Transfer Mode

BSC
Base Station Controller

BSS
Base Station Sub-system

BSSGP
Base Station Subsystem GPRS Protocol

BTS
Base Transceiver Station

CN
Core Network

CS
Circuit Switched

DTM
Dual Transfer Mode

EDGE
Enhanced Data rates for Gsm Evolution

FLO
Flexible Layer One

GboIP
Gb over IP

GERAN
Gsm/Edge Radio Access Network

GPRS
General Packet Radio Service

GSM
Global System for Mobile communications

GTP
Gprs Tunnelling Protocol

IMS
Ip Multimedia Subsystem

IP
Internet Protocol

LLC
Logical Link Control

MAC
Medium Access Control

MS
Mobile Station

MSC
Mobile Switching Centre

MTU
Maximum Transfer Unit

PDP
Packet Data Protocol

PDTCH
Packet Data Traffic CHannel

PFM
Packet Flow Management

PTCCH
Packet Timing advance Control CHannel

PFC
Packet Flow Context

PS
Packet Switched

QoS
Quality of Service

RAB
Radio Access Bearer

RAN
Radio Access Network

RAT
Radio Access Technology

RAU
Routeing Area Update

RLC
Radio Link Control

RNC
Radio Network Controller

ROHC
RObust Header Compression

RRM
Radio Resource Management

RTP
Real Time Protocol

SACCH
Standalone Associated Control CHannel

SAPI
Service Access Point Identifier

SGSN
Serving Gprs Support Node

SIP
Session Initiated Protocol

SNDCP
Sub-Network Dependent Convergence Protocol
TBF
Temporary Block Flow

TF
Transport Format

TFC
Transport Format Combination

TFCI
Transport Format Combination Indicator

TR
Technical Report

TS
Technical Specification

UDP
User Datagram Protocol

UE
User Equipment

UMTS
Universal Mobile Telephony System

UTRAN
Umts Terrestrial Radio Access Network

VoIP
Voice over IP

XID
eXchange IDentification

4.2
Handover Principles

4.2.1
General

The PS Handover procedure is used to handover an MS with one or more packet flows from a source cell to a target cell. The source and target cells can be located within either the same BSS (Intra BSS HO), different BSSs within the same SGSN (Intra SGSN HO) or belonging to different SGSNs (Inter SGSN HO), or systems with different radio access types (Inter RAT HO). 

While the MS is still in the source cell:

· Radio resources in the target cell are allocated and signalled to the MS

· System information of the target cell is signalled to the MS

For each scenario (Intra BSS HO, Intra SGSN HO, Inter SGSN HO and Inter RAT HO) the PS handover procedure is divided into:

· a preparation phase and 

· an execution phase.

4.2.2
PS Handover preparation phase

The PS handover preparation phase consists of the following consecutive steps:

-
the decision by the source BSS to request a PS handover for an MS with one or more PFCs subject to handover

-
the request by the source BSS for the PS handover

-
the reservation of resources in the target network nodes prior to ordering the MS to move to the new cell. This involves:

-
the target SGSN reserving SNDCP/LLC resources, in case of Inter SGSN HO

-
the target BSS reserving radio resources in the target cell

NOTE:
Target and source BSS are the same entity in case of Intra BSS HO
· The source SGSN decides based on the QoS profile and the availability of a TEID per PDP context provided by the target SGSN to forward duplicated packets to the target SGSN.

· In case of Inter SGSN handover the target SGSN buffers the received downlink data (from the source SGSN and GGSN) for those PDP contexts, which cannot accept data loss. Data transfer for such PDP contexts cannot resume before the MS and the SGSN have all SNDCP sequence numbers available.

· After completed resource allocation and based on the QoS profile the SGSN may send received downlink data to the target BSS for a PDP context which has a PFC available.

· In case of Inter SGSN Handover when received downlink data (e.g. from the source SGSN)) are neither buffered nor sent to the target BSS the target SGSN shall discard those data packets until the MS resides on the new side (PS Handover Complete message).

· The target BSS may transmit downlink data (“blind transmission”), which is received in the target cell or discard those packets immediately until resuming of normal packet handling is possible.
4.2.3
PS Handover execution phase

The PS Handover execution phase consists of the following consecutive steps:

-
bi-casting by the source SGSN of the received DL packets both to the source BSS and the target BSS as soon as radio resources are reserved in the target BSS

-
the “blind” transmission by the target BSS of the DL RLC/MAC blocks over the reserved radio resources in the target cell

-
the request by the source BSS to order the MS to handover to the target cell

-
the notification by the MS of its presence in the target cell on the allocated radio resources

-
the redirection by the SGSN of the DL packets to the target BSS alone

When handover has to be performed for an MS with multiple active PFCs, one or more of all active PFCs subject to  handover shall be handed over to the new cell. The active PFCs that are not handed may also be moved to the new cell however their TBFs will be re-established upon arrival in the new cell. 
· When the BSS performs handover autonomously (“optimized Intra BSS handover”) bi-casting or data forwarding may be performed by the BSS.
4.3.6
BSSGP

BSSGP is expected to provide the signalling channel for PS Handover related signalling between the CN and the BSS.  

The application entity that supports the actual PS handover related signalling between the CN and the BSS is PFM.  Messages sent by PFM and carried by BSSGP during the PS Handover procedure include:

· PS Handover Required

· PS Handover Request

· PS Handover Request Ack

· PS Handover Complete

· PS Handover Command

· PS Handover Cancel

· PS Handover Reject

· PS Handover Rejected

BSSGP must be able to distinguish such signalling messages from other BSSGP messages in order to route them to the correct entity. 

The services required from the BSSGP layer can therefore be summarised as:

· Transmission and reception of PS Handover related messages (i.e. PFM messages) over the Gb interface. 

· Routing of PS Handover related messages to the PFM entity.  

· Handling of PS Handover related messages with the appropriate priority.  

The BSSGP-PFM entity in the BSS is expected to determine whether or not a PFC is subject to handover based on the configuration information received from the SGSN (e.g. via the CREATE-BSS-PFC message).

5.1.4
Inter SGSN

5.1.4.1
Inter SGSN HO, Preparation phase
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Figure 1: Conversational PS Handover - Preparation Phase; Inter SGSN case

1. PS Handover Request message  (New local TLLI, PFCs To Be Set Up List) to the target BSS.

2. PS Handover Request Acknowledge message (New TLLI, PFCs Setup/Failed to Setup). 
3. Prepare PS Handover Response message (Tunnel Endpoint Identifier(s) Data II): The new SGSN creates and resets  the SNDCP/LLC engines. The same N-SAPI, SAPI and PFI values as used in the old SGSN are re-used in the new SGSN if received from the old SGSN. This message indicates that the new SGSN is ready to receive packets for those PDP contexts for which it has provided a Tunnel Endpoint Identifier.

4. When the old SGSN receives the Prepare PS Handover Response message and it decides to proceed with the handover, the preparation phase is finished and the execution phase will follow.
5.1.4.2
Inter SGSN HO, Execution phase
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Figure 2: Conversational PS Handover - Execution Phase;  Inter SGSN case with RAU

1. The old SGSN duplicates for those PDP Contexts (NSAPIs) operating in LLC acknowledged mode, the N-PDUs of the SNDCP queue and forwards the data to the new SGSN if the new SGSN has provided a Tunnel Endpoint Identifier. For PDP contexts in LLC unacknowledged mode for which a Tunnel Endpoint Identifier has been received the old SGSN may start duplication of data and forwarding to the target SGSN. The transmission of downlink traffic towards the s-BSS is maintained.
2. The new SGSN stores received downlink data (e.g. received from the old SGSN) associated with the N-PDU number in the SNDCP queue if the corresponding PDP Context  ( NSAPI ) is operating in acknowledged mode. For PDP Contexts (NSAPIs) operating in LLC unacknowledged mode the SGSN forwards received downlink data to the BSS or discards those data. The source BSS continues transmitting downlink data to the MS. The target BSS either transmits downlink data in the new cell or discards those data. Within the target BSS the already allocated TBFs are used for transport of the LLC-PDUs received over the corresponding PFCs.
3. Handover Access and PS Handover Complete: The BSS shall no longer discard received downlink data from the SGSN. The BSS shall assign resources on the Um interface, when required, and transmit those data to the MS.
4. PS Handover Complete : The new SGSN shall no longer discard received  data from the SGSN.
5. PS Handover Complete message () to the old SGSN. 
Note: Packet forwarding terminates automatically because the tunnel from the GGSN is diverted from the old to the new SGSN.
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