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1 Introduction

In GSM/EDGE Radio Access Network, mobility is maintained through two different processes named as Cell Re-election and Handover, which can be applied to different applications based on the nature of required service.

Cell Reselection procedure is a mobile controlled procedure for re-searching a serving cell site that a mobile can camp on with better link quality, when existing radio link quality is deteriorated. The network in certain circumstances can also activate the cell selection/reselection procedure to force a mobile moving to a different serving BTS, such as the case of cell barred or network forced cell reselection.  
Handover procedure is a full network controlled activity/process in order to provide with a continuous connectivity at radio link layer, when the quality of an existing radio link is deteriorated lower than the minimum requirement of the link quality for the purpose of the communications. A new radio link with the best available link quality will be established with the assistance of mobile station for the continuous communications. 
This paper will only discuss the requirements of handover for GERAN in PS domain with the area related to GERAN architecture and signaling protocols. The handover requirement for radio performance is not explicitly discussed here.

2 GERAN Reference Architecture

Figure 1 is a reference architecture model of GERAN for explaining different levels of handover that a GERAN may need to support. The shaded line and objects indicate possible configurations.


GERAN

GSM/EDGE Radio Access Network to differentiate from UTRAN

GERNC

GSM/EDGE Radio Network Control to differentiate from RNC in UTRAN

Iu-ps’
A logical interface between RAN and CN for packet switch domain user data and control. “ ’ ” indicates the functionality of the Iu-ps’ interface is enhanced from existing Iu-ps interface defined in UMTS specification. The enhanced functionality shall be eventually merged with exist Iu-ps specification to form a converged Iu-ps interface specification.

BTS
GSM/EDGE Base Transceiver System

Iux
A proposed IP based point-to-point logical interface between RNCs to support inter RNC handover control signaling in order to avoid SGSN serves as a message routing server. No layer 1 and 2 protocol standardization is required.
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Figure 1. GERAN/PS Domain and CN Reference Model

3 General Governing Principles of Handover Requirement

3.1 RAN Controlled Handover

Handover control and decision making process shall be kept within RAN rather than Core Network. For lower level handover, such as intra RNC handover, Core Network shall never be involved. SGSN and GGSN shall only be involved with inter RNC handover and above. However, with higher level handover, Core Network only passively executes the handover decision made by RNC. Core Network shall never be involved in handover decision making process. This means that the handover control algorithm shall be limited in RAN.

3.2 Support Real Time Services

GERAN shall support the handover of real time services, for example, voice and streaming data. In order to meet the real time performance requirements, RAN and CN shall be effectively coordinated to minimize the handover interruption to the services when SGSN and GGSN are involved in the handover process. Bi-casting may potentially minimize user data loss and reduce the real time signaling and synchronization requirements for higher level handover, such as inter RNC and above. 

3.3 Support Different Radio Access Technology

Since a common Core Network for different radio access technology has been agreed for 3G mobile communications network, a common handover signaling interface, protocol and procedure for higher level handovers shall be considered and defined to support inter PLMN handover and the same SGSN to support multiple radio access network.

3.4 Support a Common Inter RNC Signalling Interface

In order to minimize Core Network involvement during handover process, a point-to-point logical interface Iux shall be considered to support inter RNC signaling for real time handover control. Iux shall be an IP based real time signaling interface which only supports inter RNC signaling. The detail justification for the requirement of Iux interface is provided in a separated contribution for GERAN Workshop.

3.5 Align with the Common Handover Scenarios That UMTS Considers
GERAN handover requirements should try to use the common handover scenarios and procedures proposed in UMTS UTRAN handover requirements if it is possible except soft handover case. 

4 Requirements for Handover in GERAN

4.1 Type of Handover Required in GERAN

GERAN shall support both intra BTS and inter BTS handover. Inter BTS handover covers different level of handovers in a mobile communications network, such as intra RNC, inter RNC, inter SGSN, inter GGSN and inter service providers (CN) handovers. GERAN shall support control signaling for all handovers that Core Network is involved.

4.1.1 Intra BTS Handover 

Intra BTS handover includes the case where the handover takes place between two radio bearers within one partition (sector) and the handovers between two radio bearers located in two different partitions of a cell.

4.1.2 Inter BTS – Intra RNC Handover 

This scenario covers the case where the handover takes place between two BTSes within one serving RNC. The handover decision and procedures are completely carried out by RNC without CN’s involvement

4.1.3 Inter RNC – Intra SGSN Handover

This scenario covers the case where the handover takes place between two BTSes in two different serving RNCs respectively, but within one serving SGSN. The serving RNC of the mobile shall make the handover decision with the help of the serving RNC of the destination BTS. The handover decision will be transferred from serving RNC to SGSN to instruct the SGSN route the user data accordingly, if resource to the destination RNC is available.   

4.1.4 Inter SGSN – Intra GGSN Handover 

This scenario covers the case where the handover takes place between two BTSes, which are connected to two different serving SGSNs respectively. This handover requires signaling support between SGSN and GGSN. The handover decision is made by serving RNC with the help of destination RNC through proposed Iux interface. Both SGSN and GGSN will be passively involved in the handover process.

4.1.5 Inter GGSN Handover

This scenario covers the case where the handover takes place between two BTSes that are served by two different SGSN and the original GGSN is not reachable from new SGSN within one or two Core Networks. Inter GGSN handover requires IP address change in order to maintain the connectivity of an active call. This may imply a significant standardization work. This type of handover is not required for Release 2000. It needs for further study for post Release 2000.

4.1.6 Inter Core Network Handover

This scenario covers the case where the handover is between two GERANs that are connected to different Core Networks owned by different service providers. GERAN shall support any handover control and signaling required for the execution of such a handover between two Core Networks. However, this requires further study and not required in Release 2000.

4.2 Requirements for Handover between GERAN and Other PLMNs

As agreed that GERAN shall support following platforms and services, such as GSM CS, GSM PS(GPRS), GERAN PS service and GERAN CS service. GERAN PS domain service is the service supported through UMTS PS Core Network and Iu-ps interface.  The GERAN CS domain service is the service supported through UMTS CS Core Network and Iu-cs interface.

Table 1 and Table 2 are updated version of inter PLMN handover requirement matrix. It covers the scenarios of legacy GSM CS and PS services, newly defined GERAN PS and CS services and UMTS UTRAN CS and PS services. The original matrix can be located in ETSI SMG2 EDGE WorkshopTdoc SMG2 2e99-578. 
Table 1. Required Handover Scenarios from GERAN to Other Systems.

To
GSM CS CN + GSM BSS
GSM PS CN+ GSM BSS
ANSI-136
UTRAN PS +UMTS CN R99 
UTRAN CS +UMTS CN R99
GERAN PS +UMTS CN R00
GERAN CS +UMTS CN R00
UTRAN PS +UMTS CN R00
UTRAN CS +UMTS CN R00 

From










GERAN PS +UMTS CN R00 
FFS

(HO)
CRS
NA
FFS

(HO/CRS)
HO 

Post R00
HO/CRS
HO

Post R00
HO/CRS
HO

Post R00

GERAN CS +UMTS CN R00 
HO
NA
FFS

(HO)
NA
HO
HO

Post R00
HO
HO

Post R00
FFS

(HO)

Table 2 Required Handover Scenarios from Other Systems to GERAN.

From
GSM CS CN + GSM BSS
GSM PS CN+ GSM BSS
ANSI-136
UTRAN PS +UMTS CN R99
UTRAN CS +UMTS CN R99
GERAN PS +UMTS CN R00
GERAN CS +UMTS CN R00
UTRAN PS +UMTS CN R00
UTRAN CS +UMTS CN R00

To










GERAN PS +UMTS CN R00
FFS

(HO)
CRS
NA
FFS

(HO/CRS)
HO

Post R00
HO/CRS
HO

Post R00
HO/CRS
HO

Post R00

GERAN CS +UMTS CN R00
HO
NA
FFS

(HO)
NA
HO
HO

Post R00
HO
HO

Post R00
FFS

(HO)

FFS = 
For Further Study
HO = 
Supported by HandOver

CRS = 
Supported by Cell Re-Selection
HO/CRS = Supported by both HandOver and Cell ReSelection

N/A= 
Not applicable to GERAN R00 requirements 
N = 
Not support in GERAN R00 Requirement
PLMN Category Definitions

GERAN PS +UMTS CN R00: 
PS domain service including both best effort data and real time service, but excluding legacy GSM PS (GPRS) service

GERAN CS +UMTS CN R00:
CS domain services excluding existing legacy GSM CS (voice) service

GSM CS CN + GSM BSS:
GSM CS voices service only

GSM PS CN+ GSM BSS:
GSM PS data service only (GPRS best effort data)
ANSI-136:
ANSI-136 TDMA voice service only



UTRAN PS +UMTS CN R99/00:
All PS domain services in Release 99/00

UTRAN CS +UMTS CN R99/00:
All CS domain services in Release 99/00

4.3 Requirements for Handover Performance

GERAN handover architecture shall not introduce any extra performance hit to radio bearer service requirements proposed in TR 23.107 and TR 22.105. Table 3 lists the performance requirement parameters specifically required for GERAN handover in each service class.

Here are the most important parameters to regulate handover performance.

· Maximum service interruption is the maximum audio or video mute time caused by handover procedure. During the mute period, no audio or video data is delivered on both directions. The user data will be discarded if the play-out delay exceeds the maximum delay compensation capability of GERAN.

· Maximum data transfer delay defines the maximum user data transporting delay within GERAN. It is a portion of end to end delay defined in 23.107 and 22.105

· Maximum service delay defines the maximum service impact to data and interactive data user, which is caused by handover within GERAN. 

· Information loss defines the maximum information loss allowed with handover in GERAN for different service classes. 

Table 3. GERAN Handover Performance Requirements
Service Classes
Application
Degree of symmetry
Data rate
Key performance parameters and target values





Max.  service interruption (Audio/Video) mute)
User Data Transmission Requirement 






Max. data trans. delay
Max. service impact
Information loss

Conversational Class
Telephony
Two-way
4-25 kb/s
<=150ms
TBD
NA
TBD

Streaming Class
Streaming audio
One-way
32-128 kb/s
TBD
TBD
NA
TBD


Streaming video
One or two way
32-384 kb/s
TBD
TBD
NA
TBD


Bulk data transfer/retrieval
One-way

NA
TBD
TBD
None

Interactive Class
Interactive best effort data
Two-way

TBD
TBD
TBD
None

Background Class
Best effort data
One-way

None
TBD
TBD
None

TBD =
To Be Determined. It is very important to get these TBD replaced with true value as soon as possible

NA =
Not Applicable

None =
Not allowed
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