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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

Introduction

The present document contains overall description as well as the technical solutions to provide the support for Conversational QoS in GERAN A/Gb mode. 
The objective of this TR is to describe a concept for support of Conversational services in GERAN A/Gb mode. This concept should address the different issues from the conceptual level in order to minimise the effort of creation of a stage 2 TS. Overall objectives are (list not exclusive)
· Minimise the transfer delay between the SGSN and the MS

· Minimise service interruption due to mobility e.g. introduction of PS handover

· Minimise the protocol overhead on the user plane (e.g. optimisation of IP header adaptation, modifications to LLC/SNDCP protocol headers)

· Optimise radio channel support for conversational QoS

Other areas (e.g. deployment scenarios, impact on legacy equipment, impact on FLO, transport options for the Gb interface, securiy) may also be described in the TR so as to provide a global understanding of GERAN support for conversational QoS. 

1
Scope

The present document provides the overall description as well as the technical solutions to support conversational QoS class by enhancements to the existing (i.e. Release 5) GERAN A/Gb mode interfaces and protocols. Although the present document refers to conversational services in GERAN A/Gb mode, the focus is on enhancements to the packet switched domain only i.e. when conversational services are provided over the Gb interface.

2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
· References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

· For a specific reference, subsequent revisions do not apply.

· For a non-specific reference, the latest version applies.  In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 41.001: "GSM Release specifications".

[2]
3GPP TR 21 912 (V3.1.0): "Example 2, using fixed text".

[3]
3GPP TR 21.905: "3rd Generation Partnership Project; Technical Specification Group Services and System Aspects; Vocabulary for 3GPP Specifications".

[4]
3GPP TS 22.105: " Service aspects; Services and Service Capabilities 1".

[5]
3GPP TS 22.060: "General Packet Radio Service (GPRS) stage 1".

[6]
3GPP TS 43.064,"3rd Generation Partnership Project; Technical Specification Group GERAN; Digital cellular telecommunications system (Phase 2+); General Packet Radio Service (GPRS); Overall description of the GPRS radio interface; Stage 2".

[7]
3GPP TS 25.922 "3rd Generation Partnership Project; Technical Specification Group Radio Access Network; Radio resource management strategies"

[8]
3GPP TS 23.107, "3rd Generation Partnership Project; Technical Specification Group Services and System Aspects; QoS Concept and Architecture ".


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.

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

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

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 Reference Architecture

< NOTE: This clause intends to provide reference architecture of GERAN A/Gb-mode. >
4.1 General

4.2 QoS architecture

5 General description for supporting Conversational QoS

5.1 General

< NOTE: This clause intends to provide an overview on functions needed to provide conversational QoS. >
5.2 PFC management

5.3 Identities

6 Features for provisioning of Conversational QoS

< NOTE: This clause will describe the different features with a Stage 2 level of details. >
6.1 Radio Resource Management

6.2 PS Handover for Conversational services
6.2.1 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. 
6.2.2 Agreed Handover Principles

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

2. All PDP contexts and PFCs relating to the MS should be transferred to the target nodes regardless of their QoS.

3. The source BSS makes the decision when to initiate a handover for the PFC.

4. The target BSS should make the decision on which PFCs to accept and to assign resources over the Um interface in the new cell. This decision is based on that the target BSS can fulfill the QoS for these PFCs. 

5. The target BSS must inform the SGSN which PFCs have been assigned resources over the Um interface so that SGSN bi-casting can be set-up where needed.  

6. Bearers for an MS that undergoes the handover process, which themselves are not subject to handover should not have resources allocated in advance.  

7. How the target BSS decides which PFCs to accept and which to reject should be implementation specific.  

8. For the “PS Handover for Conversational”, bi-casting of data is performed from the source SGSN addressed to the target BSS in all handover scenarios (intra BSS, intra SGSN-inter BSS, inter SGSN, Inter RAT); 

9. An explicit Routing Area Update procedure is performed (if required) 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 is performed already in the hand over procedure:

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

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

· Allocation of P-TMSI

11. Uplink and downlink data transfer has to continue during the explicit Routing Area Update procedure.

12. The service shall support intra BSS, intra SGSN-inter BSS, inter SGSN and inter RAT scenarios.
6.2.3 PS Handover Procedure
6.2.3.1 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 BSCs 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.

6.2.3.2 PS Handover preparation phase

The procedure starts when a BSS decides to handover a connection with a conversational QoS profile. 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 principles for measurement reporting are further outlined in clause x. 

The preparation also involves reservation of SNDCP/LLC resources in the target SGSN (in the inter SGSN case) and of 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 HANDOVER COMMAND message. 

6.2.3.3 PS Handover execution phase

The PS HO execution phase is based on the concept that as soon as radio resources are reserved in the target BSS, the (old) SGSN starts to bi-cast the received N-PDUs both to the source BSS and to the target BSS (In the intra BSS HO case, the source and target BSS is the same entity). The target BSS will start ‘blind’ transmission of the DL RLC/MAC blocks over the radio and the source BSS will order the MS to handover to the new cell. When the MS has informed the target BSS of its presence in the target cell by the HANDOVER COMPLETE message, the SGSN redirects the downlink N-PDUs to be sent only to the new BSS. 

When handover has to be performed for an MS with multiple flows active, all active flows requiring handover shall be handed over to the new cell. 

6.2.4 PS Handover Signalling Procedures

6.2.4.1 Intra BSS HO

TBD

6.2.4.2 Intra SGSN HO

TBD

6.2.4.3 Inter SGSN HO

<Note: The signaling 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>

<Note: The current signalling procedures shown below are only covering the Routing Area Update. It is FFS regarding procedures for performing Location Area Update during the PS handover>

6.2.4.3.1 Inter SGSN HO, Preparation phase
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Figure x: 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, Source Cell Identifier, Target Cell Identifier, PFC(s) To Be Set Up List, 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.

NOTE:
The PFCs To Be Set Up List shall only contain PFCs receiving handover treatment.  
3. The old SGSN determines from the Target Cell Identifier if the PS Handover is an intra-SGSN PS Handover or an inter-SGSN PS Handover. 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, Source Cell Identifier, Target Cell Identifier, MM Context, PDP Contexts, PFC(s) To Be Set Up List, SNDCP XID parameters, LLC XID parameters, SAPIs, NSAPIs, MS Capabilities, Used Cipher Key, Source BSS to target BSS transparent container) to the new SGSN.
NOTE:
The analyse if the HO is of type intra or inter SGSN is done by the SGSN in the same way as for the Routing Area Update.

NOTE:
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:
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. 

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, IMSI, Source Cell Identifier, Target Cell Identifier, MS Capabilities, Source BSS to target BSS transparent container, PFCs To Be Set Up List) to the target BSS.

5. The target BSS establishes an MS context, sets up the PFCs as indicated and reserves radio resources.  TBFs and USFs are allocated for each PFC receiving handover treatment. 

6. After all necessary resources for the accepted PFCs are successfully allocated, the target BSS shall send the PS Handover Acknowledge message (New TLLI, Setup/Failed to Setup, Source Cell Identifier, Target Cell Identifier, Target BSS to source BSS transparent container) to the new SGSN. If the QoS parameters for any of the indicated PFCs is not accepted by the target BSS, the target BSS indicates ‘Failed to setup’ in the message. After sending the PS Handover Acknowledge message the target BSS shall be prepared to receive downlink LLC PDUs from the new SGSN for each PFC receiving handover treatment.

NOTE:
If the BSS cannot e.g. find resources for all PFCs requested either the whole message or part of the message is rejected. This is FFS.
7. When the new SGSN receives the PS Handover Request Acknowledge message the Prepare PS Handover Response message (IMSI, New P-TMSI, Source Cell Identifier, Target Cell Identifier, NSAPI(s), SAPI(s), PFI(s), Target BSS to Source BSS transparent container, Cause) is sent from the new SGSN to the old SGSN. This message indicates that the new SGSN is ready to receive N-PDUs forwarded 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.
NOTE:
It is so far assumed that the SGSN, based on QoS parameters for the flow, decides if a loss less type of handover shall be performed.

6.2.4.3.2 Inter SGSN HO, Execution phase
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Figure x: Conversational PS Handover - Execution Phase;  Inter SGSN case with RAU
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 each IP packet received from the GGSN, the old SGSN from now on starts bi-casting by sending the associated LLC PDUs in ADM mode to the source BSS and the associated N-PDU payload is tunnelled to the new SGSN using a Relay N-PDU message. The duplication is done on SNDCP layer.

3. The new SGSN activates the allocated LLC entity operating in unacknowledged mode for each SAPI receiving handover treatment. 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 starts 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 (IMSI, New P-TMSI, Source Cell Identifier, Target Cell Identifier, PFI(s), Target BSS to Source BSS transparent container) to the source BSS.

5. The source BSS sends the PS Handover Command message (IMSI, New P-TMSI, Source Cell Identifier, Target Cell Identifier)  to the MS by interrupting the transmission of LLC PDUs on all of the downlink TBFs for which handover is being performed. 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 it receives an MS Release Command message from the old SGSN. 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 r also be buffered depending on the QoS class.

· Buffered uplink N-PDUs are discarded if they are not transmitted within the time frame imposed by the delay attribute in effect for their associated PFC.

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 (TLLI, PFC(s), Handover Complete Status) to the target BSS. It is FFS whether the Target BSS sends a PS Handover Detect to Target SGSN upon reception of handover access bursts.

NOTE 1:
At this point the MS activates an LLC engine operating in unacknowledged mode for each TBF 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 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:
When an MS starts transmission of user data to the target BSS it begins with the N-PDU immediately following the last N-PDU it either partially or fully transmitted immediately prior to handover. 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 (sequence 9) 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.

7. The target BSS sends the PS Handover Complete message (TLLI, PFC(s), Handover Complete Status) 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. The new SGSN will buffer the downlink data received from the GGSN until all relayed N-PDUs received from the old SGSN have been transmitted to the target BSS.

9. The new SGSN send a PS Handover Complete Ack message (IMSI, Handover Complete Status) to the target BSS. 

10. The target BSS  sends  a PS Handover Complete Ack message (IMSI, Handover Complete Status) to the MS. 

11. 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.

12. The old SGSN send a MS Release message (TLLI, Handover Complete Status) to the source BSS which releases the resources currently allocated to that MS. The source BSS responds by sending an MS Release Complete message (IMSI) to the old SGSN. Note: It is FFS wether these two messages are new or if the same function can be achieved by reusing existing messages.

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

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

16. 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.

17. 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.

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

19. 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.

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

TBD.
6.3 Radio channel support for real time QoS

< NOTE: This clause will describe solutions to radio channels and channel combinations to support PS handover. >
6.3.1
RLC/MAC

6.3.2
Channel Combinations
6.4 Modifications to FLO

< NOTE: This clause will describe modifications to the Flexible Layer One concept in order to support Conversational QoS, i.e. PS handover. >
7 

7.1 
7.2 
7.3 
8 Other aspects of supporting Conversational QoS 
< NOTE: This clause could describe other non Stage 2 related aspects of supporting Conversational QoS. Examples of such aspects could be deployment scenarios, security etc. >
8.1 Aspect 1


Annex A: Features not within scope of TSG GERAN

< NOTE: This clause will describe the features not within responsibility of TSG GERAN, but still relevant for Conversational QoS in GERAN A/Gb-mode. The intention is not to standardise these functions from TSG GERAN but to provide a description of the features in order to get a full picutre of Conversational package in GERAN A/Gb mode. >
A.1
Mobility Management

A.2
SNDCP/LLC Modifications
A.3
IP header adaptation
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3. Prepare PS Handover Request
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 7.  PS Handover Complete
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 9.  PS Handover Complete Ack


 












19.  RAU Accept







17.  Insert Subscriber Data Ack







 1.  IP Packets to old SGSN
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17.  Insert Subscriber Data







13.  RAU Request







 3. Send the relayed N-PDUs over the allocated LLC and RLC/MAC entities







 5.  PS Handover Command











12. MS  Release Complete







 16.  Cancel Location Ack







20.  RAU Complete







2.  Relay N-PDUs to new SGSN
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 6.  PS Handover Access







12. MS Release Command







11. PS Handover Complete







 8.  Update PDP Context Response
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 10.  PS Handover Complete Ack







 18.  Update Location Ack







 14.  Security Functions
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 15.  Update Location
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