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1 Introduction

This document describes a concept for circuit switched handover from GSM to UMTS with focus on release 99 of GSM specifications. Also the concept for Inter system cell re-selection is described.

The concept is based on GSM periodic measurement reporting and reuse of existing GSM handover signaling procedures. The evaluation of reported UMTS and GSM measurements for handover decision is done in BSS. In Idle mode the thresholds for Inter system cell re-selection parameters are downloaded to the mobile in an existing System Information message. The thresholds for inter system cell re-selection shall be standardized.

A solution for release 99 must be provided with a minimum impact which should also be the base for the full scale solution in future releases of GSM. 

The full scale solution include the concepts from UTRAN to have event triggered measurements of UMTS quantities and event triggered reporting of UMTS measurement. The evaluation of UMTS radio-specific parts of the handover decision may be done by the UE,  BSC or the target RNC. The target RNC is evaluated based on criteria in GSM.

The handling of the user plane is not treated in this paper and is considered to be a separate issue. 

2 Description

The concept of Handover and Inter System Cell re-selection to UTRAN for release 99 is divided in three parts, the UE performing measurements on GSM and UMTS, the periodic measurement reporting, the handover execution phase and the Inter system cell re-selection procedure.

2.1 Measurement order in connected mode

The UMTS measurement order is downloaded to the mobile in a new System Information message SI5( on SACCH. The SI5( message is a dedicated UMTS measurement order message that contains information for the mobile to perform UMTS neighbouring cell measurements for handover. A short L2 header is used.

The GSM part of the measurement order, the BCCH allocation in the neighbour GSM cells, are sent in SI5, SI5” and SI5ter depending on supported GSM bands. The absolute RF channel numbers derived from the Neighbour Cell Description recieved in SI5 or SI5 and SI5” are placed in increasing order of ARFCN. The absolute RF channel numbers derived from the Neighbour Cell Description 2 recieved in SI5ter are placed in increasing order of ARFCN after the BCCH channel sublist derived from SI5 and SI5”.

The UMTS part of the measurement order containing the scrambling code and UMTS frequency combination of the UMTS Neighbouring Cells are placed in order they are received in SI5(. 

The mobile shall re-construct the combined GSM/UMTS BA-list such that the UMTS channel list is put after the ARFCN ordered list. The objective is to re-use the existing measurement result message.

Based on knowledge of mobile capability the network will schedule SI5( on SACCH for UMTS capable single band GSM mobile and in case of UMTS capable GSM multi-band mobile the network schedules SI5( and SI5ter. In addition SI5 and/or SI5bis are schedueled for multi-band and single band mobile.

By using the MULTI BAND REPORTING and UTRAN REPORTING indicators the network indicates how the mobile shall report from different GSM bands and UTRAN. The MULTI BAND REPORTING refers to reporting from different GSM bands whilst UTRAN REPORTING refers to how many neighbours shall be reported from UTRAN. The MULTI BAND REPORTING parameter has GSM predominance, such that if the numbers of GSM neighbours and UMTS neighbours are in conflict, the mobile shall first report according to MULTI BAND REPORTING parameter. 

The existing MULTI BAND REPORTING in Neighbour Cell description 2 shall be used for reporting of GSM neighbours. The UTRAN REPORTING indicator in SI5( shall be used to report UTRAN neighbouring cells. A UE capable mobile receiving the MULTI BAND REPORTING indicator in SI5ter shall report GSM neighbours according to the encoding of the MULTI BAND REPORTING parameter in 05.08. A UE capable mobile receiving SI5( shall report UTRAN neighbours according to table 1.

00
The strongest UTRAN neigbour, where Q> Qaccept shall be reported. 

The remaining positions in the measurement report shall be used for reporting of cells in the band of the serving cell. If there are still remaining positions, these shall be used to report the next strongest identified cells in the other bands irrespective of the band used.

01
The two strongest UTRAN neigbouring cell,  where Q> Qaccept, shall be reported.

The remaining positions in the measurement report shall be used for reporting of cells in the band of the serving cell. If there are still remaining positions, these shall be used to report the next strongest identified cells in the other bands irrespective of the band used. 

10
The three strongest UTRAN neigbouring cell,  where Q> Qaccept, shall be reported.

The remaining positions in the measurement report shall be used for reporting of cells in the band of the serving cell. If there are still remaining positions, these shall be used to report the next strongest identified cells in the other bands irrespective of the band used.

11
Spare bits future use

Tabel 1. Coding of UTRAN REPORTING IE in SI5(
The measurement order contains a UMTS Reporting Quantity field of 3 bits. This field which is optional shall contain information in which format the mobile shall return UMTS measurement, i.e. RSSI value or Ec/I0 value. In case the mobile is not capable to perform Ec/Io to RSSI mapping.

Qsearch and Qaccept are optional parameters and the objective is to save bits in measurement results and to save battery consumption. They are used in that way that if the RSSI measurement in own cell falls below Qsearch then the mobile shall start to measure on UMTS neighbours according to the sublist in SI5( . If an UMTS measurement is above Qaccept and the multi band reporting condition is fullfilled then the corresponding UMTS neighbouring cell is reported. The Qsearch will hinder the mobile to start UMTS measurements when GSM is good enough. 

2.2 UMTS measurements in connected mode

For release 99 one type of UMTS measurement is required, i.e. Ec/I0 measurement. 

For release 99 it is not required that the mobile is capable of Ec/Io to RSSI mapping.

An UMTS capable GSM mobile must be capable of performing measurements on both GSM and UMTS neighbours whenever ordered by the network. UMTS measurements will add to overall measurement load and in case of conflict between GSM measurements and UMTS measurements the mobile shall prioritise GSM measurements in order to save battery consumption. The measurements are described in RPA000032

2.3 UMTS measurement reporting

UMTS measurements and GSM measurements are reported in one common measurement report message, the existing RR MEASUREMENT RESULT message. With this scheme the max number of UMTS and GSM neighbours that may be reported are 6 in one 480ms reporting period. Any combination of numbers of UMTS and GSM neighbours may be reported in the same message, as long the total number does not exceed 6. 

The mobile shall report measurements on GSM and UMTS neighbours according to the measurement order recieved in SI5, SI5”,SI5ter and SI5( messages. 

For each reported neighbour the measurement result shall include the position in the combined GSM/UMTS BA-list , the measurement in the RXLEV field (encoded 6 bit binary representation of an RSSI value or an Ec/I0 value) and the BSIC. 

2.4 Intersystem Cell Reselection and RAT selection

The Intersystem Cell Reselection is controlled by Qsearch and Qaccept which are sent on BCCH to the mobile.

Both Qsearch and Qaccept are optional parameters. The network may decide to send Qsearch,  both or none of them. The Qsearch is an indication to the mobile that there exist at least one UMTS neighbor. In case of an multi RAT mobile (not applicable for release 99’) it indicates existence of a neighbor with another radio access technology.

If RSSI measurement in serving cell falls below Qsearch, then the mobile shall start the Intersystem cell re-selection procedure by doing measurements on UMTS frequencies. The mobile shall then select the first UMTS cell, as the target cell for Intersystem Cell Reselection procedure,  where the Ec/Io measurement is above the Qaccept . During the Intersystem Cell re-selection procedure the mobile should disregard any GSM neighbor cell being stronger than serving GSM cell. This is not seemed as a problem.

The usage of RAT priority for dual RAT mobiles (GSM and UMTS) are seen as minor, the RAT priority is integrated into Qsearch . However RAT priority in case of multiple radio access technologies may be used to identify the search and measurement order comparable with PLMN selection.

2.5 Handover execution

Based on information in existing Measurement Result messages the handover algorithm BSC decides if handover shall be performed to UTRAN or the call shall continue in GSM. In case of handover to UTRAN the BSC generates the target Cell Id in CGI format. For routing purpose the target Cell Id,  encoded according to TS 25.401,  is mapped into the Cell Identifier List IE. The target Cell Id is also mapped into the Source RNC To Target RNC container.

A new code point 1000 is allocated to the Cell Identification Discriminator. 

This new code point, UCGI, identifies that the CGI is a UTRAN target cell. The MSC will further use UGCI for routing analysis,  i.e. to set up a signaling connection to UMSC/RNC. The Source To Target RNC container will be sent transparently through the MSC to the target RNC.

BSS will send the Source RNC to target RNC container and the UCGI in the BSSMAP HANDOVER REQUIRED. 

By reception of relocation request the target RNC allocates resources and generates HANDOVER TO UTRAN COMMAND  which is sent transparently via the MAP/E-interface to the serving MSC. The  serving MSC will send the HANDOVER TO UTRAN COMMAND in BSSMAP Handover Command L3 information element. The BSS will unpack the L3 information IE contents and map the contents into a  in a new RR Handover message, the Intersystem Handover Command message.

The Handover To Utran Command may optional contain a reference to a UMTS pre-configuration data for the handover. The objective with the pre-configuration data is to restrict the size of the Handover To Utran Command to one segment over the radio-interface. 

2.6 Preconfiguration of radio bearer configuration

Instead of sending all the relevant data, for configuration of the connection in UTRAN, in the Handover Command a pre-configuration command should be use. The pre configuration data to be sent to the mobile after a connection is set up in GSM and in good time before the handover to UTRAN. Depending on the amount of pre-configuration data segmentation must be provided over the radio interface. For release 99 it is assumed that a default pre-configuration should be sufficient.

The pre-configuration data are service specific and should be download on a main DCCH. Currently there is no support on SACCH for SAPI-0 in acknowledged mode, therefore it is assumed that the new configuration command for predefined UTRAN configurations should be sent on FACCH.

2.7 Transportation of UMTS specific information for GSM to UMTS handover

For information to be transported between BSC and RNC transparently through the core network it is proposed that a Source To Target RNC should be used. Exampel of this is UE capabilities and target cell id that is transported from BSS to target RNC at handover from GSM to UTRAN.

In case UMTS specific information is needed to be transported between BSS’s the Old BSS to New BSS shall be used. An example of this is transportation of UE capabilities in inter BSC handover signaling. 

2.8 Impact on GSM standard

A package of CRs reflects the concept.

Measurements, measurement reporting CRs.

· RPA xxxxxx SMG2 2-00-008 New System Information message
· RPA 000021 Measurement Order – Connected Mode
· RPA 000022 Measurement Reporting 
· RPA 000019 Measurement Order – Idle Mode
· RPA000032 Inter System Handover and Cell Re-selection
Handover execution

· RPA000025 Handover to UTRAN A-interface signalling
· RPA000027UE capabilities in case of Handover from GSM to UMTS
· RPA000026 UE capabilities in case of internal GSM handover
· RPA000028UE Capabilities to Classmark Change RR message
· RPA000023 Inter System Handover Command
· RPA000031 BSSMAP Handover Command for handover to UMTS
· RPA000024 Target Id for Handover to UMTS 
3 Summary

Following list is the main characteristics of the concept of handover from GSM to UMTS for release 99’.

· Re-use of existing periodic GSM measurement reporting

· Re-use of GSM Handover execution procedures

· BSC controlled handover

· Event triggered measurement reporting may be easy introduced in later phases 

· One new System Information message SI5( containing the UMTS part of the measurement order. SI5( provides full flexibility for indication of neighbours. The max number of UMTS neighbouring cells are 15.

· The BA-list to be used for reporting is an combined list for GSM 900/UMTS, GSM 900/1800/UMTS mobiles to report from. This list may be extended to include neighbours from future radio access technologies.

· The existing RR Measurement Result message is used to report both GSM and UMTS neighbours implying that max 6 neighbours may be reported in one reporting period 480 ms. The number of UMTS and GSM neighbours to be reported is controlled by the network.

· Two thresholds Qsearch and Qaccept are sent to the mobile in connected mode.

· The Intersystem Cell Re-selection is controlled by two parameters that are sent on BCCH

· The SI2” Rest Octet is used to download the Inter System Cell re-selection parameters Qsearch and Qaccept to the mobile.

· A new RR message the Inter System Handover command message is introduced containing the RRC Handover To UTRAN Command message

· The Handover decision evaluation is done in BSC and is a co-ordinated UMTS and GSM evaluation implying only one decision of handover make take place at the same time in the BSC.

· The UMTS Target Cell identification process in BSC is based on O&M configuration management in BSS

· The BSC generates one single Target Cell Id in the handover process. The BSC will not handle any internal structure attached to the Target Cell Id, i.e. generates UC-ID and send it as an CGI to MSC for routing purpose and in a container .

· Container traffic between the BSS and RNC is done via Source To Target RNC

· Container traffic internal in GSM between the BSS’s is done via Old BSS to new BSS

· UE capability is transported internal in GSM in the inter BSC handover signalling
















