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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 [3] 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.
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.
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 shall not be standardised. 

GRR: refers to the radio resource control protocol entity used to support PS Handover in GERAN A/Gb mode. GRR is also used for other functions like configuration of FLO.

3.2
Symbols

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

Symbol format

<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 Features for provisioning of Conversational QoS

4.1 General

< NOTE: This clause intends to provide an overview on functions needed to provide conversational QoS. >
4.2 Radio Resource Management (RRM)

4.2.1 Functional Scope of RRM

This section identifies the expected services/information transfer to/from other protocol layers, which in conjunction with new resource management procedures, forms the Radio Resource Management necessary to support conversational services for PFCs subject to handover.  It is divided into two sub-sections, one addressing the BSS side and the other addressing the MS side.  

4.2.1.1 BSS Side

Protocol entities involved in the radio resource management aspects of handling conversational services in the PS domain for A/Gb mode are: GRR, BSSGP-PFM, RR, RLC/MAC and LAPDm (FFS).  

4.2.1.1.1 Base Station Subsystem GPRS Protocol (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.  It is also desirable that such messages can be treated with priority on the Gb link such that the handover procedure is not unduly delayed.  

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).

4.2.1.1.2 GPRS Radio Resource (GRR)

Upon receiving a PFC notification from BSSGP-PFM, GRR determines how the PFC should be realized with respect to measurement reporting and radio configuration. When a PFC subject to Handover is transported over a FLO based channel GRR is responsible for sending FLO configuration information to the mobile station (FFS). In addition, GRR is responsible for determining when a handover condition occurs. When a handover condition is detected, GRR notifies PFM, which takes further steps as described in 5.2.1.1.1 for the BSSGP protocol component of RRM. GRR will be responsible for sending the following handover related messages over the air interface:

· PS Handover Command

· PS Handover Complete

· PS Handover Complete Ack

4.2.1.1.3 Radio Resource (RR)

 The requirements placed on RR in the BSS in order to support the PS conversational service are:

· CS Paging co-ordination if no Gs interface is supported

· Coordination with RLC/MAC of the overall resource management for the radio resources 

· Supply of broadcast information to be sent in-band on the dedicated channel

4.2.1.1.4 RLC/MAC

The services required from the RLC/MAC layer are:

· Data transfer in acknowledged mode.

· Data transfer in unacknowledged mode.

· Segmentation and reassembly.

· In-Sequence delivery.

· Assignment, reconfiguration and release of TBFs and RLC instances (RLC/MAC control functions).  

· Control of timing advance.  

· Notification of unrecoverable errors.  
The RLC/MAC is responsible for configuring physical resources for PFCs subject to Handover. The following RLC/MAC control messages are used (list may not be exhaustive):

· PS Handover Access

· PS Physical Information

The RLC/MAC is also required to transport higher layer resource management messages and handover related messages over the air interface. 

4.2.1.1.5 LAPDm

Whether the services of LAPDm are required to transport measurement reports and/or measurement orders is FFS.  

4.2.1.2 MS Side

Protocol entities involved in the radio resource management aspects of handling conversational services in the PS domain in the MS for A/Gb mode are: GRR, GMM, SM, RLC/MAC and LAPDm (FFS).  

4.2.1.2.1 GPRS Radio Resource (GRR)

The GRR entity is responsible for configuring the physical layer, the MAC sub-layer and the RLC sub-layer based on configuration information received from its peer GRR entity in the BSS. The GRR entity is also responsible for supporting PS Handover procedures. 

4.2.1.2.2 GPRS Mobility Management (GMM)

As agreed in GP-030321, PS Handover procedures for conversational services require that a modified RAU procedure (the so-called explicit RAU) be incorporated along with the pre-allocation of a new P-TMSI (valid in the target cell) whilst the MS is still in the source cell.  This new functionality affects the GMM procedures.  

The services required from GMM are:

· Handling of early P-TMSI allocation 

· Handling of Modified Routing Area Update (RAU) procedure

4.2.1.2.3 Session Management (SM)

It is assumed that the activation of a conversational service will involve use of a higher level signalling protocol such as SIP (session initiation protocol). The signalling performed at this layer will ultimately lead to the activation or modification of a PDP Context for a conversational service as described in section 6.5. As such, the assumption is that the creation of a PFC in the BSS with the appropriate QoS parameters is triggered by SM and that this in turn triggers the creation of a GRR entity, assignment of an appropriate channel by RLC/MAC and the radio resource management procedures that are needed to manage this channel.  

4.2.1.2.4 RLC/MAC

RLC/MAC services are required by radio resource management functions in order to send and receive messages to/from the BSS relating to radio resource management.  

The services required from the RLC/MAC layer are:

· Data transfer in acknowledged mode.

· Data transfer in unacknowledged mode.

· Segmentation and reassembly.

· In-Sequence delivery.

· Handling of RLC/MAC control messages.  

· Notification of unrecoverable errors.  

· Timing advance (ffs)

4.2.2 Tasks/Procedures

The following service management features have been identified as those that are not currently supported in the A/Gb architecture but are required in order to support conversational services in the PS domain.  .  The protocol entities that support these new features have either already been identified or are in the process of being identified.

4.2.2.1 Physical channel management

New radio resource management features are required for PS conversational services as follows:  

· Initial allocation of a physical channel(s)  based on QoS evaluation (RLC/MAC). 

· Re-allocation of a physical channel(s) within cell based on cell loading and per mobile station TBF loading (RLC/MAC).

· Release of the physical channel(s) following service deactivation (RLC/MAC).  

· Release of the physical channel(s) in the old cell as a result of handover to a new cell (RLC/MAC).  

4.2.2.2 Signalling Connection Management

 A signalling connection management function will be required between the BSS and MS to ensure that radio resources do not remain allocated indefinitely following the sudden deterioration of the radio path (i.e. for the case where the MS and BSS are unable to communicate).  Therefore the following  signalling connection management features will be required. 

· Establishment of a signalling connection (FFS).  

· Release of a signalling connection (FFS).  

4.2.2.3 QoS Management

As agreed in GP-030321 it is the PFC that will be subject to handover based on its QoS requirements. As such, the QoS management functions are to be based on QoS attributes and consist of the following: 

· Determining whether or not a PFC is subject to handover treatment (BSSGP-PFM). 

· Performing admission control, which involves a determination of whether or not the resources required to realize a PFC are available at initial service establishment and at handover. If the required resources are available they are reserved and associated RLC/MAC instances are configured. Note that the extent of admission control discussed here is limited to radio resource considerations.  Admission control may also have to consider resources on the Gb interface and on the NSVC (BSSGP-PFM and RLC/MAC).  

· Interaction with the physical channel management function to release radio resources no longer needed for a PFC in a given cell (BSSGP-PFM, RLC/MAC and GRR).

4.2.2.4 Measurement Reporting Management

The measurements performed by the MS should be controlled by the radio resource management function.  This function is responsible for the following:

· Sending/receiving information that controls the MS measurement reporting (measurement orders) (FFS)

· Receiving/sending the reporting of the measurements from the MS to the network (measurement reports) (FFS)

It is currently an open issue as to which logical channels to use for measurement orders and measurement reports. 

4.2.2.5 Handover Decision

The decision as to when the mobile should be handed over to a new cell is to be made by a radio resource entity in the source BSS.  This decision is implementation specific and could be based on measurement reports received and possibly local BSS policy information (GRR).  

Triggered by the handover decision function, the handover management function (see section 5.2.2.6) should be invoked.  

4.2.2.6 Handover Management

The handover management function is responsible for controlling the PS Handover Signalling procedures in the BSS (both target and source).  It is responsible for initiating a dialogue with the target BSS that includes both a preparation phase and an execution phase. Note that determining which PFCs are subject to handover treatment is considered a QoS management function.  In the target BSS, this function must handle the preparation phase of the handover in terms of signalling procedures.  This handover management function will interact with BSSGP (i.e. it will make use of BSSGP as a transport service) when sending and receiving PS Handover messages.  Many of the requirements derived below are highlighted in GP-030321.  

This function is responsible for the following:

· Interaction with target SGSN to indicate which PFCs should be subject to handover and therefore which require special treatment in the CN.  For example identifying PFCs that needs data duplication in the SGSN (BSSGP-PFM).  

· Interaction with the source and target SGSN for conveying transparent containers (between source and target BSS and vice-versa) (BSSGP).  

· Interaction with the target SGSN for QoS negotiation (BSSGP-PFM).  

· Commanding the MS to handover (GRR).  

· Informing the BSS of completion of handover in the target cell (GRR). 

· Interaction with the QoS management function in the target BSS to allow allocation of radio resources and establishment of RLC/MAC resources in the target cell before the MS accesses the target cell (BSSGP-PFM).  

· Interaction with the QoS management function in the source BSS to ensure the release of all MS related resources in the source cell on indication from the SGSN.  For example the BSS packet flow procedures shown in the call flows of section 6. (BSSGP-PFM) 

· Co-ordination of the explicit RAU procedure (GMM).

4.3 PS Handover for Conversational services

4.3.1 General 

The PS Handover for Conversational services is characterized by its acceptance of a certain amount of packet loss (= Lossy PS Handover) but also a need for short end-to-end delay. This is also reflected in the procedures defined below. 

4.3.2 Agreed Handover Principles

1. It is the PFC that is subject to handover.

2. The source BSS makes the decision to initiate the handover preparation phase when required for PFC(s) subject to handover.

3. Information pertaining to all PDP contexts and PFCs relating to the MS should be sent from the source SGSN to the target SGSNin the handover signalling regardless of their QoS.

4. The target BSS should make the final decision on which PFCs are subject to handover and to assign resources over the Um interface in the new cell. This decision is based on the target BSS being able to fulfil the QoS for these PFCs. 

5. The source SGSN decides whether and when bi-casting or packet forwarding should be used.
Editor’s Note:  The definitions of bi-casting and packet forwarding are currently under discussion in GERAN2. The TR will be updated with the agreed definitions.

6. It is not required to have resources allocated in advance for bearers which themselves are not determined to be subject to handover by the target BSS. 

7. How the target BSS decides which PFCs to accept and which to reject should be implementation specific.  
8. 
9. An explicit Routing Area Update procedure is performed (if the Routing Area of the target is different to the source ) when the HO procedure is terminated. A new RAU Cause value (= RAU after HO) may be added.

10. The explicit RAU should not contain the following message sequences that are performed already during the handover procedure:

· Transfer of contexts between SGSNs (inter SGSN case);

· Update of PDP Contexts in the GGSN (inter SGSN case);

· Exchange of SNDCP sequence numbers (inter SGSN case);

· Allocation of P-TMSI.

11. Uplink and downlink data transfer continues during the explicit Routing Area Update procedure. This is possible because of certain RAU centric functions (e.g. PDP Context Update) that are performed during the handover execution phase.

12. The procedure shall be applicable for intra BSS, intra SGSN-inter BSS, inter SGSN and inter RAT scenarios.

13. As a conversational service only accepts a certain maximum delay the MS may  discard packets available for transmission in the uplink during the ongoing handover procedure.

14. The source BSS shall only request PS handover for one cell in each PS Handover Required message.

15. The PS Handover procedure is only performed when the target pre-allocates resource for at least one PFC. In case the target BSS cannot allocate resources for at least one PFC the target BSS shall reject the PS Handover request using the PS Handover Reject message.

16. In case the mobile fails to synchronize to the target cell within a timeout period after having received a PS Handover Command, shall revert to the old cell and the old “channels”.

17. Information pertaining to the PFCs subject to Handover should be transferred from the Source BSS to the Target BSS in the source to target transparent container.

18. When the BSS performs handover autonomously (“optimized Intra BSS handover”) bi-casting or data forwarding may be performed by the BSS.
19. The source SGSN decides based on the QoS profile and the availability of t-SGSN TEID per PDP context to forward duplicated packets to the target SGSN.

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

21. 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 an PFC available.

22. In case of  Inter SGSN Handover when received data from the source SGSN are neither buffered nor sent to the target BSS the target SGSN shall discard those data until the MS resides on the new side (PS Handover Complete message).
23. The target BSS may transmit data (“blind transmission”) which is received into the target cell or discard those packets immediately until resuming of normal packet handling is possible.
4.3.3 PS Handover Procedures

4.3.3.1 General

The PS Handover procedure is used by the GSM network to force an MS with one or more packet flows to move between 2 cells where resources are pre-allocated in the target cell. As the cells can be located either within the same BSS (Intra BSS HO) or in different BSSs within the same SGSN (Intra SGSN HO) or belonging to different SGSNs (Inter SGSN HO) or in systems with different radio access types (Inter RAT HO) different scenarios have to be considered. In order to simplify the implementation, the same basic principles are used for all types of scenarios.

For each scenario the PS handover procedure is sub-divided into:

· a preparation phase and 

· an execution phase.

These procedures are further described below.


Note: For Mobility Management procedures, see Annex A.1.

4.3.3.2 PS Handover preparation phase

The procedure starts when a source BSS decides to request handover of an MS with one or more PFCs subject to handover. The trigger for this decision can either be based on measurement reports sent from the MS to the network, or indication from the MS that a new and better cell has been detected (NACC based) or on other implementation specific criteria. Support for blind handover should also be considered.

The preparation also involves reservation of SNDCP/LLC resources in the target SGSN (in the inter SGSN case) and reservation of radio resources in the target BSS. The reservation is done before the MS is ordered to go to the new cell by the PS HANDOVER COMMAND message.

4.3.3.3 PS Handover execution phase

The PS Handover execution phase for PFCs that require short delay is based on the concept that as soon as radio resources are reserved in the target BSS and the target SGSN, the source SGSN may start packet forwarding of duplicated packets received from the GGSN, i.e. DL  packets are transferred both to the source BSS and to the target SGSN  (In the intra BSS HO case, the source and target BSS is the same entity). In case the target BSS has allocated radio resources, the target BSS will start ‘blind’ transmission of the DL RLC/MAC blocks over the reserved radio resources , the source BSS will order the MS to handover to the new cell. When the MS has informed the target BSS and the target SGSN of its presence in the target cell by sending the PS HANDOVER COMPLETE message, the source SGSN may redirect the downlink packets to be sent only to the new BSS. 

When handover has to be performed for an MS with multiple PFCs active, one or more of all active PFCs subject to  handover shall be handed over to the new cell. The PFCs that do not receive handover treatment may also be moved to the new cell however their TBFs will be re-established upon arrival in the new cell. 

4.3.4 PS Handover Signalling Procedures

<Note: The signalling procedures in this section are only intended to provide an initial overview and should not be considered to be complete. Further details need to be studied and agreed within TSG GERAN and TSG CN and TSG SA2>

<Note: The current signalling procedures shown below are not covering procedures for performing Location Area Update during the PS handover. This is for further study.>

<Note: Currently two proposals on how to handle PS Handover Signalling have been proposed in TSG GERAN. The major difference between the two proposals is on how the PS Handover signalling between BSS and the MS is handled. This section describes the PS Handover signalling using new messages while section 5.3.5 describes the alternative proposal using existing RLC/MAC messages. Section 5.4.5 also uses existing messages over the Gb interface however at the GERAN WG2 #17 meeting it was concluded that new BSSGP messages might also be used for this solution and that the functional difference between new or old messages on the Gb interface is low. >

4.3.4.1 Intra BSS HO

4.3.4.1.1 General

This section is further split into two sub-sections.  The first describes an intra-BSS handover procedure based largely on the inter-BSS handover procedure.  The second section describes an optional optimised intra-BSS handover procedure.
4.3.4.1.2 Intra BSS HO; Preparation phase

Refer to 5.3.4.2.1
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4.3.4.1.3 Intra BSS HO; Execution phase

Refer to 5.3.4.2.2
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4.3.4.1.4 Intra BSS Handover – Optimised

This section describes an optional (for the BSS) optimised intra-BSS handover process that is applicable to the case where the source and target cells belong to the same NSE and the same RA.  

The optimisation involves the BSS providing the data duplication or forwarding function and does not require any explicit signalling with the CN.  The BSS therefore decides autonomously that the handover will be an optimised intra-BSS handover and alters the call flow by not sending the PS Handover Required message to the SGSN. 

It is assumed that the BSS knows that the target cell is internal to this BSS and whether or not it is internal to the same NSE and that both cells are within the same RA.  Thus the SGSN is not required to relay this information.  However, in order to support BSSs that have not implemented the optimised intra-BSS PS Handover procedure, the standard procedure described in the previous section should still be applicable.  

This means that the standard message flow is supported for the Handover procedure if the BSS does not implement an optimised procedure and for cases other than intra-NSE same RA handovers.  

Figure 5 shows the complete procedure effectively incorporating the preparation and execution phase in one call flow.  
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Figure 5: Optimised Intra BSS PS Handover (Intra-NSE same RA)

1. The GRR entity in the BSS decides that a handover is required based on received measurement reports. 

2. The BSS determines from the cell IDs of the target and source cell that the PS Handover will be intra-NSE and does not involve a change of RA.  

Any necessary negotiations between the source and target cell for reserving radio resources and deciding which PFCs can be accommodated in the target cell is handled internally to the BSS.  

The BSS will apply packet forwarding or bi-casting for PFCs that are “subject to handover”.  This will be transparent to the MS, which does not need to know whether the BSS or SGSN is in charge of the handover.  

3. The PS Handover Command is sent by the BSS to the MS in the normal manner and will contain all the resource allocation information needed for the MS to access the target cell.  

4. The MS uses the PS Handover Access mechanism to establish physical layer connectivity in the target cell. 

5. Once the BSS detects the MS it passes timing advance information to the MS via the PS Physical Information message.  

6. Once the handover is complete (from the point of view of the MS), a PS Handover Complete message is sent to the BSS.  This is the trigger for the BSS to release the radio resources in the source cell.  

NOTE: 
There is no PS Handover Complete to the SGSN; i.e. BSS still has to hold on to the relation to the old-BVCI. 

7. Once uplink data transfer begins, the MS sends a cell update to the SGSN which is used by the SGSN as a trigger to send downlink data to the new cell if this cell is addressed by a different BVCI.  

8. The SGSN responds to the cell update with a FLUSH-LL message.  However, the BSS will act differently in response to this message for PFCs that are subject to handover in the optimised PS Handover procedure.  

9. The BSS returns the normal FLUSH-LL_ACK message indicating if the LLC PDUs have been deleted or transferred.  If the BSS implements forwarding, it makes sense for it to indicate that the LLC PDUs have been transferred.  However, this is implementation specific for the BSS.  

10. The first DL PDU received by the BSS with the new-BVCI allows the BSS to clear the relationship to the old BVCI.  

It is assumed here that flow control is carried out on a per PFC basis and that the parameters remain the same for the target cell.  

4.3.4.2 Intra SGSN/Inter BSS HO

4.3.4.2.1 Intra SGSN/Inter BSS HO, Preparation phase
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Figure 6: PS Handover Preparation Procedure; Intra SGSN case

1. The source BSS decides to initiate a PS handover. At this point both uplink and downlink user data is transmitted via the following: TBFs between MS and source BSS, BSSGP PFCs tunnel(s) between source BSS and SGSN, GTP tunnel(s) between SGSN and GGSN.

2. The source BSS sends a PS Handover Required message (TLLI, Cause, Source Cell Identifier, Target Cell Identifier, PFCs To Be Set Up List (FFS), Source BSS to target BSS transparent container) to the SGSN. The Source BSS to Target BSS Transparent Container includes BSS specific information for PS Handover co-ordination.

Editor’s note: It needs to be decided if the BSS should send the “PFC(s) To Be Set Up List” IE to the SGSN or if the Source SGSN has all the information required. 

Editor’s note: The exact content of the “Source BSS to target BSS transparent container “ IE is FFS.

NOTE 1:
The SGSN determines from the Target Cell Identifier if the PS Handover is of type intra- or an inter-SGSN PS Handover (or intra- or inter-SGSN pool if SGSN in pool concept is used). The determination is done by the SGSN in the same way as for the Routing Area Update. In case of intra-SGSN PS Handover, the SGSN keeps the PDP, MM, SNDCP and LLC contexts. A new P-TMSI may be allocated for the MS. The mapping between N-SAPI, SAPI and PFI for each PDP Context is kept. 

NOTE 2:
The case with PS Handover to an area where Intra Domain Connection of BSS nodes to multiple core network nodes is used has to be considered.

NOTE 3:
As a working assumption the Cipher Key used by the SGSN is reused in the new cell until the hand-over is completed. As such, if blind transmission of LLC PDUs is started by the SGSN it will make use of the ciphering key used in the old cell. When handover is completed, a new authentication procedure can be performed during the explicit RAU procedure and a new ciphering key can be established. The invocation of an explicit RAU procedure following handover completion will result in a temporarily service interruption that is assumed to be short and therefore not a threat to the QoS attributes of the service.

Editor’s note:
It is FFS if NMO1 and the Gs interface are mandated.

3. The SGSN sends a PS Handover Request message ((New local TLLI), Cause, IMSI, Source Cell Identifier, Target Cell Identifier, MS Radio Access Capabilities, Source BSS to target BSS transparent container, PFCs To Be Set Up List, New P-TMSI (inter RA case)) to the target BSS.
NOTE:
The PFCs required to be set up are downloaded to the target BSS from the source SGSN, i.e.all information required for PFC creation.  

4. The target BSS establishes an MS context, sets up the PFCs as indicated and reserves radio resources for one or more of the PFCs downloaded from the source SGSN (i.e. due to resource limitations not all downloaded PFCs will necessarily receive resource allocations).  TBFs and USFs are allocated for each PFC subject to handover that can be accommodated by the target BSS.
5. After all necessary resources for accepted PFCs are successfully allocated, the target BSS shall send the PS Handover Request Acknowledge message (New TLLI, Cause, PFCs Setup/Failed to setup, Source Cell Identifier, Target Cell Identifier, Target BSS to source BSS transparent container (including configuration of resources in the target cell)) to the SGSN. If the QoS parameters for any of the indicated PFCs are not accepted by the target BSS, the target BSS indicates ‘PFCs Failed to setup’ in the message. After sending the PS Handover Request Acknowledge message the target BSS shall be prepared to receive downlink LLC PDUs from the SGSN for each created PFC. 

Editor’s note: The exact content of the “Target BSS to source BSS transparent container “ IE is FFS.

6. The preparation phase of the intra SGSN handover is finished and the execution phase will follow.
4.3.4.2.2 Intra SGSN/Inter BSS HO, Execution phase
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Figure 7: PS Handover Execution Procedure;  Intra SGSN case
1. The SGSN keeps the LLC entity for each SAPI associated with a PFC subject to handover and may send LLC PDUs downlink towards both the source and the target cell for which PFCs have been created. The source BSS continues transmitting downlink data to the MS. The target BSS starts blind transmission of downlink data towards the MS or discards those data. The same N-SAPI, SAPI and PFI values are kept for both downlinks. Within the target BSS the already allocated TBFs are used for transport of the LLC-PDUs received over the corresponding PFCs.

2. The SGSN continues the PS Handover by sending a PS Handover Command message (Old TLLI, (New P-TMSI,) Cause, Source Cell Identifier, Target Cell Identifier, PFI(s), Target BSS to Source BSS transparent container ) to the source BSS.

Editor’s note: The exact content of the “Target BSS to source BSS transparent container “ IE is FFS.

NOTE:
Only PFI(s) for PFCs accepted by the target cell are included in the message.

3. The source BSS sends the PS Handover Command message (Old P-TMSI, (New P-TMSI,) , Target Cell Identifier, PFI(s), Target cell resource description) to the MS by interrupting the transmission of LLC PDUs on any of the downlink TBFs . Following the transmission of this signalling message the source BSS immediately resumes LLC PDU transmission until it either has no more LLC PDUs to send or the PFC is released. MS management of uplink packets following the reception of the PS Handover Command message is as follows:
· All packets associated with a PFC subject to handover that have not yet been fully transmitted might be buffered depending on the QoS class.

· Subsequent uplink packets that become available for transmission following the reception of the PS Handover Command message might also be buffered depending on the QoS class.

· Buffered uplink packets are discarded if they are not transmitted within the time frame imposed by the delay attribute in effect for their associated PFC QoS profile.
4. The MS tunes to the radio channel and timeslot allocated in the target cell by the target BSS and sends 4 handover access bursts to the BSS on the allocated channel. The target BSS sends Physical information (see TS 23.108) to the MS for the MS to synchronise. Once synchronised, the MS responds with the PS Handover Complete message (New TLLI) to the target BSS. 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 to the MS applying the existing packet handling mechanisms for DL traffic.
NOTE 1:
At this point the MS activates an LLC engine operating in unacknowledged mode for each PFC that allows lossy handover treatment. Each activated uplink LLC/SNDCP engine will use an initial sequence number as per normal operation of a newly activated LLC UM/SNDCP engine. The MS starts transmission of user data towards the target BSS for these PFCs using their associated uplink TBFs and uses the same N-SAPI, SAPI and PFI values that applied prior to handover. The downlink SNDCP engines will accept any value of the N-PDU number received.

NOTE 2:
The MS will transmit in the UL the next available packet.  This may result in a jump in packet sequence numbers due to the discard of expired packet.

5. The target BSS sends the PS Handover Complete message (New TLLI) to the SGSN.

6. The SGSN may initiate FLUSH procedures towards the old cell in the case of inter-RA PS Handover (FFS). 

7. If the target cell belongs to a new Routeing Area, the MS initiates the Routeing Area Update procedure and indicates in Update Type “RAU after PS HO”.

4.3.4.3 Inter SGSN HO

4.3.4.3.1 Inter SGSN HO, Preparation phase
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Figure 8: Conversational PS Handover - Preparation Phase; Inter SGSN case

1. The source BSS decides to initiate a PS handover. At this point both uplink and downlink user data is transmitted via the following: TBFs between MS and source BSS, BSSGP PFCs tunnel(s) between source BSS and old-SGSN, GTP tunnel(s) between old SGSN and GGSN.

2. The source BSS sends a PS Handover Required message (TLLI, Cause, Source Cell Identifier, Target Cell Identifier, PFC(s) To Be Set Up List (FFS), Source BSS to target BSS transparent container) to the old SGSN. The Source BSS to Target BSS Transparent Container includes BSS specific information for PS Handover co-ordination. 

Editor’s note: It needs to be decided if the BSS should send the “PFC(s) To Be Set Up List” IE to the SGSN or if the Source SGSN has all the information required. 

Editor’s note: The exact content of the “Source BSS to target BSS transparent container “ IE is FFS.

NOTE 1.
The SGSN determines from the Target Cell Identifier if the PS Handover is of type intra- or inter-SGSN (or intra- or inter- SGSN pool if the SGSN in pool concept is used). The determination is done by the SGSN in the same way as for the Routing Area Update.

NOTE 2.
The use of default parameters in the target SGSN is FFS.

3. In case of inter-SGSN PS Handover, the old SGSN initiates the PS Handover resource allocation procedure by sending a Prepare PS Handover Request message (IMSI, Cause,  Source Cell Identifier, Target Cell Identifier, MM Context, PDP Contexts, PFC(s) To Be Set Up List, SNDCP XID parameters, LLC XID parameters, MS Radio Access Capabilities, Tunnel Endpoint Identifier Control Plane, SGSN Address, Source BSS to target BSS transparent container) to the new SGSN.
NOTE 1:
The cipher key to be used in the new SGSN shall be the same as the one used in the old SGSN and is included in the MM Context. From the PDP Contexts the SAPIs and the NSAPIs to be used in the new SGSN are extracted.
NOTE 2:
The case with PS Handover to an area where Intra Domain Connection of BSS nodes to multiple core network nodes is used has to be considered. 

NOTE 3:
As a working assumption the Cipher Key used by the old SGSN is reused by the new SGSN until the hand-over is completed. As such, if blind transmission of LLC PDUs is started by the new SGSN it will make use of the ciphering key used by the old SGSN. When handover is completed, a new authentication procedure can be performed during the explicit RAU procedure and a new ciphering key can be established. The invocation of an explicit RAU procedure following handover completion will result in a temporarily service interruption that is assumed to be short and therefore not a threat to the QoS attributes of the service.  
The case when the old SGSN supports different GEA algorithm than the new SGSN has to be considered. Solutions can be that the new SGSN either Reject the request, or that the start of user data transport is delayed until the security functions are performed. When the new SGSN receives the Prepare PS Handover Request message the required PDP, MM, SNDCP and LLC contexts are established and a new P-TMSI is allocated for the MS. The mapping between N-SAPI, SAPI and PFI for each PDP Context is established. 

Editor’s note:
It is FFS if NMO1 and the Gs interface are mandated.

4. The new SGSN sends a PS Handover Request message  (New local TLLI, Cause, IMSI, Source Cell Identifier, Target Cell Identifier, MS Radio Access Capabilities, Source BSS to target BSS transparent container, PFCs To Be Set Up List, New P-TMSI) to the target BSS.

NOTE:
The PFCs required to be set up are downloaded to the target BSS from the target SGSN, i.e.all information required for PFC creation.

5. The target BSS establishes an MS context, sets up the PFCs as indicated and reserves radio resources for one or more of the PFCs downloaded from the target SGSN (i.e. due to resources limitations not all downloaded PFCs will necessarily recive resource allocation). TBFs and USFs are allocated for each PFC subject to handover that can be accommodated by the target BSS. 

6. After all necessary resources for the accepted PFCs are successfully allocated, the target BSS shall send the PS Handover Request Acknowledge message (New TLLI, Cause, PFCs Setup/Failed to Setup, Source Cell Identifier, Target Cell Identifier, Target BSS to source BSS transparent container (including configuration of resources in target cell)) to the new SGSN. If the QoS parameters for any of the indicated PFCs are not accepted by the target BSS, the target BSS indicates ‘PFCs Failed to setup’ in the message. After sending the PS Handover Request Acknowledge message the target BSS shall be prepared to receive downlink LLC PDUs from the new SGSN for each created PFC. 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.
7. When the new SGSN receives the PS Handover Request Acknowledge message the Prepare PS Handover Response message (IMSI, Cause, New P-TMSI, Source Cell Identifier, Target Cell Identifier, NSAPI(s), SAPI(s), PFI(s) accepted for PS Handover, Target BSS to Source BSS transparent container, Cause, Tunnel Endpoint Identifier Control Plane, SGSN Address, Tunnel Endpoint Identifier(s) Data II) is sent from the new SGSN to the old SGSN. This message indicates that the new SGSN is ready to receive packets forwarded for PDP contexts for which it has provided a Tunnel Endpoint Identifier from the old SGSN. If the target BSS or the new SGSN failed to allocate resources this shall be indicated in the message.
8. 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.
4.3.4.3.2 Inter SGSN HO, Execution phase
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Figure 9: Conversational PS Handover - Execution Phase;  Inter SGSN case with RAU

1. The old SGSN continues to receive GTP packets from the GGSN (via GTP) and forwards the associated PDU payload to the MS via the source BSS.

2. For NSAPIs in SNDCP acknowledged mode,, the old SGSN duplicates the N-PDUs of the SNDCP queue and forwards the data to the new SGSN if the new SGSN has provided a Tunnel Endpoints Identifier. For NSAPI in 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.
3. The new SGSN  stores the data received data from the old SGSN associated with the N-PDU number in the SNDCP queue if the  NSAPI is in acknowledged mode. For NSAPIs in unacknowledged mode the SGSN forwards received 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 blind into 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.

4. The old SGSN continues the PS Handover by sending a PS Handover Command message (Old TLLI, New P-TMSI, Cause, Source Cell Identifier, Target Cell Identifier, PFI(s), Target BSS to Source BSS transparent container) to the source BSS.

NOTE:
Only PFI(s) for PFCs accepted by the target cell are included in the message.

5. The source BSS sends the PS Handover Command message (Old P-TMSI, New P-TMSI, Target Cell Identifier, PFI(s), Target cell resource description) to the MS by interrupting the transmission of LLC PDUs on any of the downlink TBFs. Following the transmission of this signalling message the source BSS immediately resumes LLC PDU transmission until it either has no more LLC PDUs to send or the PFC is released.  MS management of uplink N-PDUs following the reception of the PS Handover Command message is as follows:
· All packets associated with a PFC receiving handover treatment that have not yet been fully transmitted might be buffered depending on the QoS class.

· Subsequent uplink packets that become available for transmission following the reception of the PS Handover Command message might also be buffered depending on the QoS class.

· For lossy services uplink packets may be discarded by the MS during the link interruption to preserve the real-time properties. 

6. The MS tunes to the radio channel and timeslot allocated in the target cell by the new BSS and sends 4 handover access bursts to the BSS on the allocated channel. The target BSS sends Physical information (see TS 23.108) to the MS for the MS to synchronise. Once synchronised the MS responds with the PS Handover Complete message (New TLLI,) to the target BSS. 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.
NOTE 1:
At this point the MS activates an LLC engine operating in unacknowledged mode and a SNDCP engine for each PFC that allows lossy handover treatment. Each activated uplink LLC/SNDCP engine will use an initial sequence number as per normal operation of a newly activated LLC UM/SNDCP engine. The MS starts transmission of user data towards the target BSS for these PFCs using their associated uplink TBFs and uses the same N-SAPI, SAPI and PFI values that applied prior to handover. The downlink LLC/SNDCP engines in the MS will accept any value of the PDU/N-PDU sequence number received. 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.   

NOTE2:
The MS will transmit in the UL the next available packet. This may result in a jump in packet sequence numbers due to the discard of expired packets.

7. The target BSS sends the PS Handover Complete message (New TLLI) to the new SGSN. 

8. The new SGSN sends an Update PDP Context Request (new SGSN Address, TEID, QoS Negotiated) message to the GGSN concerned. The GGSN updates the PDP context fields and returns an Update PDP Context Response (TEID) message. From now on the GGSN sends new incoming downlink IP packets only to the new SGSN.. Each uplink N-PDU received by the new SGSN prior to updating the PDP Context for the associated PFC by the Update PDP Context Request message is discarded. Once the new SGSN has updated the PDP Context for any given  PFC, it starts sending all associated uplink N-PDUs it receives directly to the GGSN.
9. The new SGSN send a PS Handover Complete message (IMSI, Handover Complete Status) to the old SGSN. The old SGSN stops relaying the N-PDUs to the new SGSN. The old SGSN responds with a PS Handover Complete Acknowledge message.  An alternative solution would be to transfer the N-PDU sequence numbers from old to new SGSN in these messages instead of resetting the LLC/SNDCP engines (FFS).

10. The old  SGSN may initiate FLUSH procedures towards the old cell in the case of inter-RA PS Handover (FFS).

11. The MS sends a Routing Area Update Request (old RAI, old P-TMSI signature, Update Type) to the new SGSN informing it that the source cell belongs to a new routing area. The Update Type indicates “RAU after PS HO”. The MS shall send this message immediately after message 6. The new SGSN knows that a handover has been performed for this MS and can therefore exclude the SGSN context procedures which are normally used within the RA Update procedure.

12. At this point the new SGSN may optionally invoke MS authentication (security function). The security function can be deferred and performed at any later time as well.
13. The new SGSN informs the HLR of the change of SGSN by sending Update Location (SGSN Number, SGSN Address, IMSI) to the HLR.

14. The HLR sends Cancel Location (IMSI, Cancellation Type) to the old SGSN with Cancellation Type set to Update Procedure.  The old SGSN acknowledges with a Cancel Location Ack (IMSI) message. . This message allows the old SGSN to know when to release the inter-SGSN tunnel.

15. The HLR sends Insert Subscriber Data (IMSI, GPRS subscription data) to the new SGSN. The new SGSN validates the MS presence in the (new) RA. If all checks are successful then the new SGSN constructs an MM context for the MS and returns an Insert Subscriber Data Ack (IMSI) message to the HLR. This message allows the new SGSN to know when to release the inter-SGSN tunnel.

16. The HLR acknowledges the Update Location by sending an Update Location Ack (IMSI) message to the new SGSN.

17. The new SGSN validates the MS presence in the new RA. If the MS is allowed to be attached in this RA, the SGSN updates the MM context for and sends a Routing Area Update Accept (P-TMSI, VLR TMSI, P-TMSI signature) to the MS.

18. The MS may confirm the re-allocation of P-TMSI by responding the SGSN with a  Routing Area Update Complete.
4.3.4.4 Inter RAT

4.3.4.4.1 Inter-SGSN GERAN to UTRAN HO; Preparation phase
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Figure 10: Sequence diagram for inter-RAT PS handover preparation phase (GERAN -> UTRAN).

1. The source BSC decides to initiate a PS handover. At this point both uplink and downlink user data is transmitted via the following: TBFs between MS and source BSC, BSSGP PFCs tunnel(s) between source BSC and old-SGSN, GTP tunnel(s) between old-SGSN and GGSN.

2. The source BSC sends a PS Handover Required message (TLLI, Source Cell Identifier, Target ID , Source RNC to target RNC transparent container) to the old SGSN.

The Source RNC to Target RNC Transparent Container includes the necessary information for relocation co-ordination, security capability and protocol context information (including MS Capabilities).

3. The old SGSN determines from the Target ID if the handover is intra-SGSN handover or inter-SGSN handover. In case of inter-SGSN inter-RAT PS handover the old SGSN initiates the relocation resource allocation procedure by sending a Forward Relocation Request message  (IMSI, Source Cell Identifier, Target ID, MM Context, PDP Contexts, MS Capabilities, Tunnel Endpoint Identifier Control Plane, SGSN Address, Source RNC to target RNC transparent container) to the new SGSN.

NOTE:
For relocation to an area where Intra Domain Connection of RAN Nodes to Multiple CN Nodes is used, the old SGSN may – if it provides Intra Domain Connection of RAN Nodes to Multiple CN Nodes -have multiple target SGSNs for each handover target in a pool area, in which case the old SGSN will select one of them to become the new SGSN, as specified in 3GPP TS 23.236. 

Upon receipt of the message, the new SGSN establishes all MM and PDP contexts and initiates the RAB setup procedures for all PDP contexts received.

4. The new SGSN constructs a Relocation Request message (IMSI, Cause, Integrity protection information, Encryption information, RABs to be setup list, Source RNC to target RNC transparent container, Iu Signalling connection identifier, Global CN-ID, SNA Access Information) to the target RNC. 

For each RAB requested to be established, RABs To Be Setup shall contain information such as RAB ID, RAB parameters, Transport Layer Address, and Iu Transport Association. SGSN shall not establish RABs for PDP contexts with maximum bit rate for uplink and downlink of 0 kbit/s. The RAB ID information element contains the NSAPI value, and the RAB parameters information element gives the QoS profile. The Transport Layer Address is the SGSN Address for user data, and the Iu Transport Association corresponds to the uplink Tunnel Endpoint Identifier Data.
Ciphering keys are sent to the t-RNC to allow data transfer to continue in the new RAT without requiring a new AKA (Authentication and Key Agreement) procedure.  Information that is required to be sent to the MS (either in the PS HO Command message or after the handover completion message) from RRC in the t-RNC shall be included in the RRC message sent from the t-RNC to the MS via the transparent container.

5. After all the necessary resources for accepted RABs including the Iu user plane are successfully allocated, the target RNC shall send the Relocation Request Acknowledge message (Target BSS to Source BSS transparent container, RABs setup list, RABS failed to setup list) to the new SGSN. 

Each RAB to be setup is defined by a Transport Layer Address, which is the target RNC Address for user data, and the Iu Transport Association, which corresponds to the downlink Tunnel Endpoint Identifier for user data. 

The transparent container contains all radio-related information that the MS needs for the handover, i.e., a complete RRC message (e.g. PS Handover to UTRAN message) to be sent transparently via CN and source BSS to the MS. For each RAB to be set up, the target RNC may receive downlink user packets from the new SGSN which have been bi-cast from the old SGSN.

6. When resources for the transmission of user data between target RNC and new SGSN have been allocated and the new SGSN is ready for the PS handover, the Forward Relocation Response message (Cause, Tunnel Endpoint Identifier Control Plane, RANAP cause, SGSN Address for control plane, Target BSS to Source BSS transparent container, RAB setup information, Additional RAB setup information) is sent from the new SGSN to the old SGSN. RAN transparent container and RANAP Cause contain information from the target RNC to be forwarded to the source BSC.  

The inclusion of TEIDs for the end of the GTP tunnel is sufficient information to identify and establish the GTP tunnel for bi-casting. 

7.   

4.3.4.4.2 Inter-SGSN GERAN to UTRAN HO; Execution phase
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Figure 11: Sequence diagram for inter-RAT PS handover Execution phase (GERAN -> UTRAN).

1. The old SGSN continues to receive IP packets from the GGSN (via GTP) and forwards the associated PDU payload to the MS via the source BSS.

2. For NSAPIs in SNDCP acknowledged mode, the old SGSN duplicates the SNDCP queue and forwards the N-PDUs  to the new SGSN if a Tunnel Endpoint Identifier is available. For NSAPI in unacknowledged mode for which a Tunnel Endpoint Identifier Data II has been received the SGSN may start duplication and forwarding of data to the target SGSN.. 

3. The new SGSN distributes the received N-PDUs over the RABs to the t-RNC.  No data will be sent in the new cell until the UE has accessed the cell.

In the network, N-PDUs are forwarded from the old to the new SGSN and the PDCP sequence number is derived from the N-PDU sequence number (sent as part of the PDP context) with 8 most significant bit 1’s added. It is ffs where this sequence number translation will be done.

4. The old SGSN continues the PS Handover by sending a PS Handover Command message (IMSI (ffs), old TLLI, Source Cell Identifier, Target RNC ID, Target BSS to Source BSS transparent container) to the source BSS.

5. The source BSS sends the Inter System to UTRAN PS Handover Command message (RRC message containing the following: new RNTI, Source Cell Identifier, Target RNC ID, RAB IDs, target cell channel descriptions) to the MS by interrupting the transmission of LLC PDUs on any of the downlink TBFs. Following the transmission of this signalling message the source BSS immediately resumes LLC PDU transmission until it either has no more LLC PDUs to send or the PFC is released.  MS management of uplink N-PDUs following the reception of the PS Handover Command message is as follows:

· All N-PDUs associated with a PFC receiving handover treatment that have not yet been fully transmitted might be buffered depending on the QoS class.

· Subsequent uplink N-PDUs that become available for transmission following the reception of the PS Handover Command message might also be buffered depending on the QoS class.

· For lossy services uplink N-PDUs may be discarded by the MS during the link interruption due to the real time properties of the data. 

NOTE: 
Any buffering should be performed before the data is passed to SNDCP in order to avoid header compression on N-PDUs such that data delivery in the new cell may begin from the correct point in the sequence.

6. The MS reconfigures itself and accesses the new cell according to standard UTRAN procedures (this mechanism is outside of the scope of this document) 

7. Upon successfully connecting to the new RNC, the MS sends a PS handover to UTRAN complete (new RNTIs, handover status, new SRNC-ID) RRC message.  The MS may now begin sending uplink data on the RABs assigned in the preparation phase. 

8. When the target SRNC receives the PS Handover to UTRAN complete message, i.e. the new SRNC-ID + S-RNTI are successfully exchanged with the MS, the target SRNC shall send the Relocation Complete message to the new SGSN. The purpose of the Relocation Complete procedure is to indicate by the target SRNC the completion of the relocation of the SRNS to the CN.  

9. The reception of the relocation complete message in the new SGSN triggers the sending of an Update PDP Context Request (new SGSN Address, TEID, QoS Negotiated) message to the GGSN concerned. The GGSN updates the PDP context fields and returns an Update PDP Context Response (TEID) message. From now on the GGSN sends new incoming downlink IP packets only to the new SGSN. Each uplink N-PDU received by the new SGSN prior to updating the PDP Context for the associated RAB by the Update PDP Context Request message is discarded. Once the new SGSN has updated the PDP Context for any given RAB, it starts sending all associated uplink N-PDUs it receives directly to the GGSN.

10. For inter-SGSN PS handover, the new SGSN sends a Forward Relocation Complete message to the old SGSN to indicate the success of the handover procedure.  The old SGSN acknowledges this with a forward relocation complete ack message

11. The old SGSN shall initiate PFC Manangement procedures towards the old cell in order to trigger the release of resources in the old cell.

12. The MS sends a Routing Area Update Request (old RAI, old P-TMSI signature, Update Type) to the new SGSN informing it that the source cell belongs to a new routing area.  The MS shall send this message immediately after message 7. The new SGSN knows that a handover has been performed for this MS and can therefore exclude the SGSN context procedures which are normally used within the RA Update procedure.

13. At this point the new SGSN may optionally invoke MS authentication (security function). The security function can be deferred and performed at any later time as well.

14. The new SGSN informs the HLR of the change of SGSN by sending Update Location (SGSN Number, SGSN Address, IMSI) to the HLR.

15. The HLR sends Cancel Location (IMSI, Cancellation Type) to the old SGSN with Cancellation Type set to Update Procedure.  The old SGSN acknowledges with a Cancel Location Ack (IMSI) message. . This message allows the old SGSN to know when to release the inter-SGSN tunnel.

16. The HLR sends Insert Subscriber Data (IMSI, GPRS subscription data) to the new SGSN. The new SGSN validates the MS presence in the (new) RA. If all checks are successful then the new SGSN constructs an MM context for the MS and returns an Insert Subscriber Data Ack (IMSI) message to the HLR. This message allows the new SGSN to know when to release the inter-SGSN tunnel.

17. The HLR acknowledges the Update Location by sending an Update Location Ack (IMSI) message to the new SGSN.

18. The new SGSN validates the MS presence in the new RA. If the MS is allowed to be attached in this RA, the SGSN updates the MM context for and sends a Routing Area Update Accept to the MS.

19. The MS may respond to the SGSN with a Routing Area Update Complete.

4.3.4.4.3 Inter RAT UTRAN to GERAN PS HO; preparation phase.
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Figure 12: Sequence diagram for inter-RAT PS handover preparation phase (UTRAN -> GERAN).

1. Based on measurement results and knowledge of the RAN topology, the SRNC decides to initiate an inter RAT PS handover towards the GERAN. At this point both uplink and downlink user data flows via the following tunnel(s): Radio Bearer between the MS and the source SRNC; GTP-U tunnel(s) between the source SRNC and the old SGSN; GTP-U tunnel(s) between the old SGSN and the GGSN.

NOTE: The process leading to the handover decision is outside of the scope of this paper.

2. The source SRNC sends a Relocation Required message (Relocation Type, Cause, Source ID, Target ID, MS Classmark 2, MS Classmark 3, Source BSS To Target BSS Transparent Container) to the old SGSN. The source SRNC shall set Relocation Type to "UE Involved in relocation of SRNS". 

3. In case of inter-SGSN PS Handover, the old SGSN initiates the PS Handover resource allocation procedure by sending a Forward Relocation Request message (IMSI, TEI Control Plane, RANAP Cause, MM Context, PDP Contexts, Old BSS To Target BSS transparent container, Target Identification, SGSN Address for control plane) to the new SGSN.

When the new SGSN receives the Forward Relocation Request message the required PDP, MM, SNDCP and LLC contexts are established and a new P-TMSI is allocated for the MS. The mapping between N-SAPI, SAPI and PFI for each PDP Context which is established and provided to the target BSS. When this message is received by the new SGSN it begins the process of establishing PFCs for all PDP contexts.  

4. The new SGSN sends a PS Handover Request message (New local TLLI, new P-TMSI, IMSI, Target Cell Identifier, MS Capabilities, Source BSC to target BSC transparent container, PFC(s) To Be Set Up List (ffs)) to the target BSC.

5. The BSC makes a decision about which PFCs are subject to handover based upon the QoS of each PFC requested to be setup and assigns radio resources to those PFCs considered subject to handover. The algorithm by which the t-BSC decides which PFCs are subject to handover shall not be specified

6. After assigning all radio resources to those PFC’s subject to handover, the target BSC sends the new SGSN a PS Handover Request Ack message (established PFCs, failed PFCs, target RNC to Source RNC transparent container).  After sending the PS Handover Request Acknowledge message the target BSS shall be prepared to receive downlink LLC PDUs from the new SGSN for each created PFC. The new SGSN creates and resets  the SNDCP/LLC engines.
Within the container, the BSC shall include a GRR message which contains all information required to instruct the MS for handover.  This includes but is not limited to: the channel description assigned to each PFC subject to handover which includes but is not limited to: frequency, TS, USF channel mode, etc.  The mapping between PFC, SAPI and N-SAPI is also included in the information sent back to the MS for all PFCs subject to handover.

Any PDP contexts for which a PFC was not established will be released.

7. The new SGSN passes the assigned list of TEIDs for each PDP context for which a PFC was assigned in the RAB setup information IE in the Forward Relocation Response message (Cause, TRNC to SRNC Transparent Container, RAB setup information) to the old SGSN.    The TRNC to SRNC transparent container contains the information being passed from t-BSC to s-RNC including the PS Handover command message.

4.3.4.4.4 Inter RAT UTRAN to GERAN PS HO; preparation phase.
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Figure 13: UTRAN -> GERAN PS Handover Execution phase

1. The old SGSN continues to receive IP packets from the GGSN (via GTP) and forwards the associated PDU payload to the MS via the source BSS.

2. The old SGSN continues the PS handover by sending a Relocation Command message (Target RNC to Source RNC transparent container, RABS to be Released List, RABs Subject to Data Forwarding List) to the SRNC. “RABs to be released list” will be the list of all NSAPIs (RAB Ids) for which a PFC was not established “RABs Subject to Data forwarding list” will be the list of all NSAPIs (RAB Ids) for which a PFC was established. The transparent container will contain all information which is required by the MS to access the GERAN cell.

3. The SRNC begins forwarding all received GTP PDUs to the TEIDs received in the relocation command message.  The old SGSN forwards the received GTP PDU’s to the new SGSN according to the definition in 3GPP TS 23.060.

4. The new SGSN distributes the received N-PDUs over the PFCs to the t-BSC and the t-BSC may begin sending the received data over the resources assigned during the preparation phase immediately.  

In the case of GTPv1 being used between the old and new SGSN, the conversion of PDCP sequence numbers to SNDCP sequence numbers (the eight most significant bits shall be stripped off) shall be done in the new SGSN. No N-PDU sequence numbers shall be indicated for these N-PDUs. If GTPv0 is used between the SGSNs, the conversion of PDCP sequence numbers to SNDCP numbers shall be done in the old 3G-SGSN (by stripping off the eight most significant bits)

5. The source RNC sends the RRC message to the UE containing an encapsulated message generated by the target BSC.The encapsulated message contains all information required for the MS to access and begin sending data in the new RAT including a new P-TMSI allocated by the new SGSN.

6. The MS executes the handover according to the parameters provided in the message delivered in step 5, switching to the GERAN and sending access burst in order to synchronise to the new cell.

7. After accessing the cell using access bursts and receiving timing advance information from the BSS in step 6, the MS sends a PS handover to GERAN Complete message (TLLI, Handover Complete Status) to the target BSS.

8. The target BSS sends the PS Handover Complete message (TLLI, Handover Complete Status) to the new SGSN

9. The new SGSN sends an Update PDP Context Request (new SGSN Address, TEID, QoS Negotiated) message to the GGSN concerned. The GGSN updates the PDP context fields and returns an Update PDP Context Response (TEID) message. From now on the GGSN sends new incoming downlink IP packets only to the new SGSN.. Each uplink N-PDU received by the new SGSN prior to updating the PDP Context for the associated PFC by the Update PDP Context Request message is discarded. Once the new SGSN has updated the PDP Context for any given  PFC, it starts sending all associated uplink N-PDUs it receives directly to the GGSN

10. The new SGSN send a Forward Relocation Complete message to the old SGSN to indicate completion of the PS handover procedures. The old SGSN responds with a Forward Relocation Complete Acknowledge message.  

11. The old SGSN sends an Iu Release Command message to the SRNC commanding the SRNC to release all resources related to the Iu connection.  When the RNC data forwarding timer has expired the SRNC responds with an Iu Release Complete (RAB Data Volume report list, RABS released list) message.

12. The MS sends a Routing Area Update Request (old RAI, old P-TMSI signature, Update Type) to the new SGSN informing it that the source cell belongs to a new routing area. The Update Type indicates “RAU after PS HO”. The MS shall send this message immediately after message 7. 

The new SGSN knows that a handover has been performed for this MS and can therefore exclude the SGSN context procedures which are normally used within the RA Update procedure

13. At this point the new SGSN may optionally invoke MS authentication (security function). The security function can be deferred and performed at any later time as well

14. The new SGSN informs the HLR of the change of SGSN by sending Update Location (SGSN Number, SGSN Address, IMSI) to the HLR.

15. The HLR sends Cancel Location (IMSI, Cancellation Type) to the old SGSN with Cancellation Type set to Update Procedure.  The old SGSN acknowledges with a Cancel Location Ack (IMSI) message. . This message allows the old SGSN to know when to release the inter-SGSN tunnel.

16. The HLR sends Insert Subscriber Data (IMSI, GPRS subscription data) to the new SGSN. The new SGSN validates the MS presence in the (new) RA. If all checks are successful then the new SGSN constructs an MM context for the MS and returns an Insert Subscriber Data Ack (IMSI) message to the HLR. This message allows the new SGSN to know when to release the inter-SGSN tunnel.

17. The HLR acknowledges the Update Location by sending an Update Location Ack (IMSI) message to the new SGSN.

18. The new SGSN validates the MS presence in the new RA. If the MS is allowed to be attached in this RA, the SGSN updates the MM context for and sends a Routing Area Update Accept (P-TMSI, VLR TMSI, P-TMSI signature) to the MS.

19. The MS may confirm the re-allocation of P-TMSI by responding the SGSN with a  Routing Area Update Complete.

5.3.4.5
Handover Cancellation procedure

5.3.4.5.1 General

Instead of performing the handover, the source BSS may at any time during the handover procedure up to the time when the PS Handover Command is sent to the mobile station cancel the handover. The reason for canceling can be e.g. due to a timer expiration or due to other events within the source BSS and is initiated by sending a PS Handover Cancel message to the SGSN. The signaling procedure for the Inter-RAT HO Cancellation is shown in section 5.3.4.5.2. Similar procedures are used in the other handover cases.

5.3.4.5.2 Inter-RAT Cancellation; signaling procedure
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Figure 14: Sequence diagram for inter-RAT PS handover cancellation (GERAN -> UTRAN).

1. The source BSC decides to cancel the previously requested PS handover. This may be due to failed coordination with the CS domain, not enough accepted PFCs, dropped mobile, that the source has requested several target cells simultaneously or any other reason. 

2. The source BSC sends a PS Handover Cancel message (TLLI, Source Cell Identifier, Target ID) to the old SGSN.

3. The old SGSN terminates the PS Handover to the target cell by sending an Abort message  (IMSI, Source Cell Identifier, Target ID, SGSN Address) to the new SGSN.


NOTE:
If one target SGSN was chosen among a pool, then the Abort message is sent to the same SGSN.
4. The new SGSN clears the reserved resources in the target by sending an Iu Release Command message (Cause) to the target RNC. 


NOTE: 
In case of GERAN A/Gb to GERAN A/Gb handover it is assumed that existing BSS Packet Flow procedures could be used to clear all reserved resources and MS context in the target BSS. 

5. After all resources are cleared, the target RNC shall send the Iu Release Complete message (RAB Data Volumes, RABs released) to the new SGSN. 

5.3.4.6
Handover Reject procedure

5.3.4.6.1 General

The target BSS may reject the use of the PS Handover procedure in case it cannot allocate resources for any of the PFCs requested in the PS Handover Request message. In this case no MS context will be established in the target BSS and no resources will be allocated. The target BSS will send a PS Handover Reject message to the target SGSN causing the target SGSN to release any allocated resources (e.g. P-TMSI, MS associated contexts) related to the specific MS. The signaling procedure for the Inter-SGSN HO Reject is shown in section 5.3.4.5.2. Similar procedures are used in the other handover cases.

5.3.4.6.2 Inter-SGSN HO Reject; signaling procedure
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Figure 15: Conversational PS Handover - Preparation Phase; Inter SGSN case

1. The source BSS decides to initiate a PS handover. At this point both uplink and downlink user data is transmitted via the following: TBFs between MS and source BSS, BSSGP PFCs tunnel(s) between source BSS and old-SGSN, GTP tunnel(s) between old SGSN and GGSN.

2. The source BSS sends a PS Handover Required message (TLLI, Cause, Source Cell Identifier, Target Cell Identifier, PFC(s) To Be Set Up List (FFS), Source BSS to target BSS transparent container) to the old SGSN. The Source BSS to Target BSS Transparent Container includes BSS specific information for PS Handover co-ordination.

3. In case of inter-SGSN PS Handover, the old SGSN initiates the PS Handover resource allocation procedure by sending a Prepare PS Handover Request message (IMSI, Cause,  Source Cell Identifier, Target Cell Identifier, MM Context, PDP Contexts, PFC(s) To Be Set Up List, SNDCP XID parameters, LLC XID parameters, MS Radio Access Capabilities, Tunnel Endpoint Identifier Control Plane, SGSN Address, Source BSS to target BSS transparent container) to the new SGSN.

4. The new SGSN sends a PS Handover Request message  (New local TLLI, Cause, IMSI, Source Cell Identifier, Target Cell Identifier, MS Radio Access Capabilities, Source BSS to target BSS transparent container, PFCs To Be Set Up List, New P-TMSI) to the target BSS.

5. In case the target BSS fails to allocate any resources for any of the requested PFCs it sends PS Handover Reject message (Cause, Source Cell Identifier, Target Cell Identifier) to the new SGSN. 
6. When the new SGSN receives the PS Handover Request Reject message it clears any reserved resources (e.g. PDP context, P-TMSI) for this mobile and sends the Prepare PS Handover Response message (IMSI, Cause, Source Cell Identifier, Target Cell Identifier, SGSN Address) to the old SGSN. 

7. When the old SGSN receives the Prepare PS Handover Response message it sends a PS Handover Rejected message (Old TLLI, Cause, Source Cell Identifier, Target Cell Identifier) to the source BSS.
4.3.5 The PS Handover Signalling Procedures re-using 

Section 5.3.4 provides an initial overview of PS Handover signalling procedures. In this section slightly different PS handover signalling procedures are given. These PS signalling procedures are based on the same handover principles and present an optimisation of the PS handover signalling procedures depicted in section 5.3.4 as they utilize existing GERAN A/Gb mode signalling messages on the air interface as well as on the Gb interface to convey the PS handover related information to the MS and network.

Editor’s Note: On the GERAN WG2 #17 meeting it was conclude that also new BSSGP messages could be used with the solution presented in 5.3.5.

4.3.5.1 General

The PS handover signalling procedures is largely based on the existing NC, namely NC2 mode mechanisms. It requires no new messages on the radio interface and it utilizes the BSSGP signalling messages on the Gb interface.   

 PS handover procedure although it is based on the NC2 mode, it is defined as a new procedure as:

· Resources in the target cell are allocated while MS is still in the source cell

· P-TMSI may be allocated in the target cell while MS is still in the source cell 

· Target Cell PSIs are send to the MS only partially in the source cell, while the rest is acquired in the target cell by means of the PSI Status message.

The most logical introduction is to introduce PS handover as a new NC mode. However there are no spare combinations of bits in NETWORK_CONTROL_ORDER (NC0, NC1, NC2,RESET), which limits a neat introduction of  PS handover as a new NC in this context, although the RESET is sent only on PCCCH or PACCH. Therefore a single bit on PS_HANDOVER_MODE will indicate the setting of PS handover. Once this bit is set by the network PS handover will take precedence over CCN and NC2 procedures.  

For an MS using NC0 and NC1 modes subject to PS handover, the network may send Packet Measurement Order message with the PS_HANDOVER_MODE set to change current NC0 and NC1 modes to PS handover.

In the Sections below signalling flows for the successful Inter-SGSN, Intra-SGSN PS handover are given. Some of the failure scenarios are described as well. 

4.3.5.2 Intra BSS PS HO procedure

The signalling flow for Intra BSS PS handover is presented in Figure 16. 
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Figure 16 Intra BSS PS handover signalling flow

1. Based on the measurement reporting BSS identifies the MS as PS handover capable and decides to initiate PS handover. For measurement reporting PDTCH is utilized. NC measurement reporting can be ordered as often as in SACCH every 480ms.

2. The BSS determines from the cell IDs of the target and source cell that the PS Handover will be intra-NSE and does not involve a change of RA.  

3. Any necessary negotiations between the source and target cell for reserving radio resources and deciding which PFCs can be accommodated in the target cell is handled internally to the BSS.  

4. The PACKET CELL CHANGE ORDER is sent by the BSS to the MS in the normal manner. PCCO message will contain all the PS Handover related information and resource allocation information needed for the MS to access the target cell.  

5. MS received the PCCO message and if it is polled by the BSS sends PACKET CONTROL ACKNOWLEDGMENT message after which the MS may switch to a new cell. 

NOTE 1: Upon receipt of the PCCO message MS derives handover TLLI [ref to Tdoc: PS handover and RAU] from its P-TMSI and uses this value for the signalling messages as well as for uplink data until it receives the new P-TMSI during RAU procedure. 

NOTE 2: For the description and definition of handover TLLI refer to [ref to Tdoc: PS handover and RAU]. 

6. The MS is in the target cell and sends Packet Control Acknowledgment to the BSS in the assigned PDTCH slots to request the timing advance from uses the PS Handover Access mechanism to establish physical layer connectivity in the target cell. 

7. BSS respond to access bursts by sending PACKET UPLINK ASSIGNMENT message containing a valid timing advance information and TBF assignment in the target cell.

8. MS may send PACKET (P)SI Status to request the missing (P)SI.

9. BSS sends the requested (P)SIs to the MS.

4.3.5.3 Intra SGSN/Inter BSS  PS HO procedure

4.3.5.4 Intra SGSN/Inter BSS  PS HO, Preparation phase
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Figure 17:  PS Handover Preparation Procedure; Intra SGSN case

1. The source BSS decides to initiate a PS handover. At this point both uplink and downlink user data is transmitted via the following: TBFs between MS and source BSS, BSSGP PFCs tunnel(s) between source BSS and SGSN, GTP tunnel(s) between SGSN and GGSN.

NOTE:
 For measurement reporting utilize PDTCH: NC measurement reporting can be ordered as often as in SACCH every 480ms. 

2. The source BSS sends a PS Handover Required message (PDU type, (local)TLLI,IMSI, PFI (list of PFIs), PFT,  SourceCell ID, TargetCell ID, PS handover Source Cell Container, Routing and Location related IE, Service UTRAN CCO) to the SGSN t. The Source BSS to Target BSS Transparent Container includes BSS specific information for PS Handover co-ordination. Request BSS PFC handover in the target cell, i.e. to the target BSS.

3. The SGSN identifies the target BSS and if it can accept the request sends a CREATE BSS PFC Request  {PDU type, handoverTLLI, IMSI, list of PFIs, PFT,  Service UTRAN CCO, SourceCell ID, TargetCell ID, PS handover Source Cell Container}. SGSN may assign a new P-TMSI and determines handover TLLI.

4. Target BSS, reserves the radio resource if available, i.e. assigns timeslots for the PS handover.

5. Target BSS sends CREATE BSS PFC Accept { PDU type, handover TLLI, list of accepted PFI, list of accepted ABQP, SourceCell ID, TargetCell ID, PS handover Target Cell Container, PSHandover reference, Routing and Location related IE } 
NOTE: Target BSS differentiates between the BSS PFC subject to handover and those that are not based on the ‘handover TLLI’ type.´

6. SGSN may send downlink data to the target BSS. The target BSS either sends those data blind into the new cell or discards them.
4.3.5.5 Intra SGSN/Inter BSS  PS HO, Execution phase
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Figure 18:  PS Handover Execution Procedure; Intra SGSN case

1. The SGSN keeps the LLC entity for each SAPI associated with a PFC subject to handover and may start bi-casting of the downlink LLC PDUs towards both the source and the target cell in the two BSSs. The source BSS continues transmitting downlink data to the MS. The target BSS may start blind transmission of downlink data towards the MS. Within the target BSS the already allocated TBFs are used for transport of the LLC-PDUs received over the corresponding PFCs. If the target BSS receives downlink data it may send them blind into the new cell or discard those data.
2. The SGSN continues the PS Handover by sending a PS Handover Command message (IMSI, Tunnel Endpoint Identifier Control Plane, SGSN Address for Control plane, PS handover Target Cell Container, PFI/ list of accepted PFIs, PS Handover reference, Routing and Location related IE, Private Extension, SGSN Number} message. SGSN derives the ‘handover TLLI’ from its P-TMSI and uses this value for the signaling messages as well as for data transfer until the completion of the PS handover.

3. Source BSS sends PACKET CELL CHANGE ORDER to the MS in the normal manner. PCCO message will contain all the PS Handover related information and resource allocation information needed for the MS to access the target cell.  

NOTE: 
Upon receipt of the PCCO message MS derives handover TLLI from its P-TMSI and uses this value for the signalling messages as well as for uplink data until it receives the new P-TMSI during RAU procedure

4. MS received the PCCO message and if it is polled by the BSS sends PACKET CONTROL ACKNOWLEDGMENT message after which the MS may switch to a new cell.

5. MS is in the target cell and sends Packet Control Acknowledgment to the target BSS in the assigned PDTCH slots to request the timing advance from uses the PS Handover Access mechanism to establish physical layer connectivity in the target cell.

6. Target BSS responds to access bursts by sending PACKET UPLINK ASSIGNMENT message containing a valid timing advance information and TBF assignment in the target cell.

7. MS sends PACKET (P)SI Status to request the missing (P)SI.

8. The target BSS sends the missing (P)SIs.

9. The target BSS sends the PS Handover Complete message (PDU type, TLLI,PFI/List of PFIs,   PS Handover reference) to the SGSN to indicate that the PS Handover is completed. 
10. SGSN send the Delete BSS PFC Request to source BSS to initiate release of the resources in the source cell. TLLI in these messages is the handover TLLI. 
11. Source BSS removes the BSS PFC for this MS and sends a Delete BSS PFC accept to SGSN.
12. Intra-SGSN Routing Area Procedure if the new cell and belongs to a different RA than the old cell.
4.3.5.6 Inter SGSN  PS HO procedure

4.3.5.7 Inter SGSN PS HO procedure, Preparation phase
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Figure 19: Conversational PS Handover - Preparation Phase; Inter SGSN case

1. The source BSS decides to initiate a PS handover. At this point both uplink and downlink user data is transmitted via the following: TBFs between MS and source BSS, BSSGP PFCs tunnel(s) between source BSS and SGSN, GTP tunnel(s) between SGSN and GGSN.

NOTE: 
For measurement reporting utilize PDTCH: NC measurement reporting can be ordered as often as in SACCH every 480ms. 

2. The source BSS sends a PS Handover Required message (PDU type, (local)TLLI,IMSI, PFI (list of PFIs), PFT,  SourceCell ID, TargetCell ID, PS handover Source Cell Container, Routing and Location related IE, Service UTRAN CCO) to the old SGSN. The Source BSS to Target BSS Transparent Container includes BSS specific information for PS Handover co-ordination in the target cell, i.e. to the target BSS. 

3. The Old SGSN based on the TargetCell Id will determine whether this is an intra-SGSN or inter-SGSN handover. In case of inter SGSN, the old SGSN initiates the PS Handover resource allocation procedure by sending Prepare PS Handover Request {IMSI, P-TMSI (source/old), Tunnel Endpoint Identifier Control Plane, Charging Characteristics, MM Context , PDP Context (for the PFI list), SGSN Address for Control plane, Source Cell identifier, Target Cell Identifier, PS handover Source Cell Container, SNDCP XID parameters, LLC XID parameters, SAPIs, NSAPIs, Routing and Location related IE, PDP Context Prioritization, Private Extension} to the new SGSN via GTP.
4. The new SGSN identifies the target BSS and if it can accept the request sends a CREATE BSS PFC Request  {PDU type, handoverTLLI, IMSI, list of PFIs, PFT,  Service UTRAN CCO, SourceCell ID, TargetCell ID, PS handover Source Cell Container}. New SGSN may assign a new P-TMSI and determines handover TLLI.

5. Target BSS, reserves the radio resource if available, i.e. assigns timeslots for the PS handover.

6. Target BSS sends CREATE BSS PFC Accept { PDU type, handover TLLI, list of accepted PFI, list of accepted ABQP, SourceCell ID, TargetCell ID, PS handover Target Cell Container, PSHandover reference, Routing and Location related IE } to the new SGSN.

7. New SGSN sends Prepare PS Handover Response (IMSI, Tunnel Endpoint Identifier Control Plane, SGSN Address for Control plane, PS handover Target Cell Container, PFI/ list of accepted PFIs, PS Handover reference, Routing and Location related IE, Private Extension, SGSN Number, Tunnel Endpoint Identifier(s) Data II) to the old SGSN.

8. refer to execution phase 
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.
4.3.5.8 Inter SGSN BSS PS, Execution phase
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Figure 20: Conversational PS Handover - Execution Phase;  Inter SGSN case with RAU

1. The old SGSN continues to receive GTP packets from the GGSN (via GTP) and forwards the associated PDU payload to the MS via the source BSS.

2. For NSAPIs in acknowledged mode and when a Tunnel Endpoint Identifier Data II is available, the old SGSN duplicates the N-PDUs and relay it to the new SGSN. The target SGSN stores those received N-PDUs to enable loss-less data transfer. 
For NSAPIs in unacknowledged mode and if a Tunnel Endpoint Identifier Data II is available, the source SGSN may duplicate the incoming N-PDUs and forward those to the target SGSN.
The target SGSN may either forward those data to the target BSS if a PFC is available or discard those data immediately. 
The target BSS either discards received downlink data or transmits those data blind into the new cell. 
3. The new SGSN activates the allocated LLC entity operating in unacknowledged mode for each SAPI associated with a PFC subject to handover. Each activated LLC/SNDCP engine will use an initial sequence number of 0. The source BSS continues transmitting downlink data to the MS. The target BSS may start a blind transmission of user data towards the MS over the allocated radio channels. The same N-SAPI, SAPI and PFI values as used in the old SGSN are re-used in the new SGSN. Within the target BSS the already allocated TBFs are used for transport of the LLC-PDUs received over the corresponding PFCs.

4. The old SGSN continues the PS Handover by sending a PS Handover Command message (Old TLLI, New P-TMSI, Cause, Source Cell Identifier, Target Cell Identifier, PFI(s), Target BSS to Source BSS transparent container) to the source BSS. NOTE:
Only PFI(s) for PFCs accepted by the target cell are included in the message.

5. SourceBSS sends a PCCO message to the MS. The PCCO message will have a <PS_Handover_Struct> that will provide the MS with the necessary info related to PS handover on the target cell

6. MS receives the PCCO message and if it is polled by the BSS sends PACKET CONTROL ACKNOWLEDGMENT message after which the MS may switch to a new cell. MS upon receipt of the PCCO message derives handover TLLI from its P-TMSI and uses this value for the signaling messages as well as for uplink data until it receives the new P-TMSI during RAU procedure.

7. MS is in the target cell and sends Packet Control Acknowledgment to the target BSS in the assigned PDTCH slots to request the timing advance from the network.  

8. Target BSS respond to access bursts, i.e. by sending PACKET UPLINK ASSIGNMENT message containing a valid timing advance information and TBF assignment for the target cell. 

9. MS sends PACKET (P)SI Status to request the missing (P)SI.

10. Target BSS send the Requested (P)SIs to the MS.

11. Target BSS sends PS HANDOVER COMPLETE {PDU type, TLLI,PFI/List of PFIs, PS Handover reference} to the new SGSN to indicate that the PS Handover is completed. The target BSS resumes normal packet processing, i.e. it shall no longer discard received downlink packets. Upon receipt of the PS HANDOVER COMPLETE message the SGSN resumes normal packet processing, i.e. discarding of packets is stopped. 

12. New SGSN send the Update PDP Context Request (new SGSN Address, TEID, QoS Negotiated) message to the GGSN concerned. 

13. The GGSN updates the PDP context fields and returns an Update PDP Context Response (TEID) message. From now on the GGSN sends new incoming downlink IP packets only to the new SGSN.. Each uplink N-PDU received by the new SGSN prior to updating the PDP Context for the associated PFC by the Update PDP Context Request message is discarded. Once the new SGSN has updated the PDP Context for any given  PFC, it starts sending all associated uplink N-PDUs it receives directly to the GGSN. 

14. New SGSN sends PS HANDOVER COMPLETE {IMSI, TLLI (handover TLLI), PS Handover reference, Routing and Location related IE, Private Extension}to old SGSN to indicate that the PS handover to the target cell is completed.

15. New SGSN initiates the deletion of the BSS PFCs in the source cell and sends DELETE BSS PFC Request to source BSS

16. Source BSS removes the BSS PFC for this MS and sends a Delete BSS PFC accept to SGSN.

17. Intra-SGSN Routing Area Procedure The MS sends a Routing Area Update Request (old RAI, old P-TMSI signature, Update Type) to the new SGSN informing it that the source cell belongs to a new routing area. 

NOTE: 
In case of PS handover the target SGSN has already all the MM contexts and PDP contexts for the MS, so there is no need for the Inter-SGSN RAU procedure as defined in TS 23.060.

18. At this point the new SGSN may optionally invoke MS authentication (security function). The security function can be deferred and performed at any later time as well.
19. The new SGSN informs the HLR of the change of SGSN by sending Update Location (SGSN Number, SGSN Address, IMSI) to the HLR.

20. The HLR sends Cancel Location (IMSI, Cancellation Type) to the old SGSN with Cancellation Type set to Update Procedure.  The old SGSN acknowledges with a Cancel Location Ack (IMSI) message. . This message allows the old SGSN to know when to release the inter-SGSN tunnel.

21. The HLR sends Insert Subscriber Data (IMSI, GPRS subscription data) to the new SGSN. The new SGSN validates the MS presence in the (new) RA. If all checks are successful then the new SGSN constructs an MM context for the MS and returns an Insert Subscriber Data Ack (IMSI) message to the HLR. This message allows the new SGSN to know when to release the inter-SGSN tunnel.

22. The HLR acknowledges the Update Location by sending an Update Location Ack (IMSI) message to the new SGSN.

23. The new SGSN validates the MS presence in the new RA. If the MS is allowed to be attached in this RA, the SGSN updates the MM context for and sends a Routing Area Update Accept (P-TMSI, VLR TMSI, P-TMSI signature) to the MS.

The MS may confirm the re-allocation of P-TMSI by responding the SGSN with a Routing Area Update Complete.
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