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1 Introduction

The purpose of this document is to describe the Iub signalling aspects regarding the Node B Synchronisation via the air interface. Based on the Synchronisation mechanism, the different procedures, which are impacted or which have newly to be defined together with the required information elements will be discussed. 

In the following the several stages of the proposed cell synchronisation mechanism are reviewed, to identify the required signalling between Node B and CRNC.

2 Discussion

2.1
Initial Synchronisation

This stage covers the "Preliminary Phase" where the Node B is roughly synchronised via Iub interface messages, and the "Initial Phase" where the radio interface timing of the cells is fine-tuned via radio for the first time.

2.1.1
Preliminary Phase:

Iub signalling in the preliminary phase shall serve the following purposes:

· Reference cell identification: The CRNC shall be informed at which of the cells the external reference clock (GPS receiver) is connected.

· Reference time retrieval: For the initial adjustment, the reference time of a cell where a GPS receiver is connected has to be requested.

· Initial Synchronisation adjustment: The reference time has to be provided to the cells without the GPS receiver.

This implies the following signalling:

Reference Cell Identification:

The proposed solution to solve the first requirement is to add the information about the reference clock availability within the RESOURCE STATUS INDICATION message that is sent from the Node B to the RNC when a Local Cell becomes existing at the Node B.

Reference Time Retrieval:

For the reference time retrieval the DL Transport Channels Synchronisation procedure on the PCH frame protocol (see 25.435) can be used. At this phase, a timing granularity of one radio frame is considered sufficient, which can be achieved by retrieval of the SFN which the Node B has derived from the external reference clock. 

Initial Synchronisation Adjustment:

For the cells to adjust first the DL Transport Channels Synchronisation procedure on the PCH frame protocol shall be performed in order to determine the deviation from the reference SFN. 

By means of the Synchronisation Adjustment procedure the Frame Adjustment value is then transmitted to the cells without GPS receiver.

Information elements required for Synchronisation Adjustment:

· Frame Adjustment value

2.1.2
Initial Phase

In the initial phase the CRNC will establish the "connectivity matrix", and in addition, the cells are for the first time brought into fine-synchronisation. For this purpose, each cell is instructed to transmit a sync burst at certain frame numbers (SFN), and to listen to the sync bursts of other cells for the rest of the time. During the initial phase any UE connections are disabled. The following procedures will have to be considered:

· Cell Sync Burst Instruction: Cells are instructed to transmit their cell sync burst at certain SFN numbers and to listen to other cell's sync bursts for the rest of the time.

· Cell Sync Bursts Measurement Report: The cells report on measured cell sync bursts

· Synchronisation Adjustment procedure

Cell Sync Burst Instruction:

It is assumed that within one procedure signalled via the Iub interface, cell sync burst transmission and reception (measurements) will be activated in parallel. I.e. the cell transmits the cell sync burst within the specified frame as well as measures for the rest of the time. 

Information elements required:

· Common Physical channel ID defines the PRACH where the cell sync burst shall be transmitted

· Start Frame (SFN)

· Repetition Period, 
This value must be large enough to allow all cells to send their sync bursts sequentially, with sufficient guard time in between. The typical guard time in this phase is several radio frames.

· Tx / Rx Cell Sync Burst Code

· Tx Power 

Cell Sync Bursts Measurement Report:

Whenever a cell sync burst is detected the following parameters should be included within the cell sync burst measurement report:

Information elements required, for each sync burst received:

· SFN where the cell sync burst has been received

· Cell Sync Burst Timing: 
This is the arrival time of the cell sync burst within the radio frame. The resolution of this arrival time measurement shall be about 25 ns, equivalent to 1/8 chip; and since the range of this measurement is one radio frame, the measurement value will have 19 bits. 

· Cell Sync Burst Signal Strength: 
Power of the received signal

Synchronisation Adjustment: 

For synchronisation adjustment during the initial phase the adjust timing indication with1/8 chip accuracy is proposed.

Information elements required:

· Frame Adjustment value:
This indicates a required correction of the cell's SFN counter by an integer value. 

· Timing Adjustment value:
This indicates the "fine-tuning" of the frame start with a granularity of 1/8 chip. For the range of one radio frame, an 19-bit value is required.

2.2
Steady-State Phase

In the steady state phase each cell gets a cell sync burst plan which defines when cell sync bursts shall be transmitted and when cell sync bursts should be received. In this phase, the normal traffic is supported, i.e. the regular cell synchronisation monitoring and update is done in parallel to ongoing UE connections.

The following procedures have to be considered :

· Cell Sync Burst Instruction: Establishing a synchronisation schedule 

· Cell Sync Bursts Measurement Report

· Synchronisation Adjustment procedure

Cell Sync Burst Instruction:

Defining the schedule consists of defining the transmission parameters and defining the receiving parameters. I.e. it is defined at which radio frames the cell shall transmit a sync burst and at which radio frames the cell shall receive sync bursts.

Information elements required:

· Common Physical channel ID (of the PRACH to use)

· For all SFN where the cell transmits a sync burst:

· Cell Sync Burst Code

· Cell Sync Burst Code Shift

· Tx Power (for the bursts to transmit)

· For all SFN where the cell shall receive one or more sync bursts:

· Cell Sync Burst Code

· Cell Sync Burst Code Shift

Cell Sync Bursts Measurement Report:

In this cell sync burst reports for each received code the signal time and power indicator should be considered. It is FFS, if the cell gets a table of the allowed codes and signal timings, so that a report is given only in case the threshold is exceeded.

Information elements required:

· For all SFN where cell sync bursts have been received

· Cell Sync Burst Timing: 
This timing is the difference of the reception time of the respective cell sync burst from the expected "ideal" time. The resolution of this measurement shall be about 25 ns, equivalent to 1/8 chip; and the range of this measurement shall be about (5 (sec, which covers the small deviations in the steady state phase. This results in 9 bits resolution.

· Cell Sync Burst SIR


Synchronisation Adjustment:

Beside the adjust timing value the Tx power for sync burst transmission may be adjusted.

Information elements required:

· Timing Adjustment value:
A range of (5 (s with a resolution of 25 ns results in 9 bits to be adjusted.

· Tx Power adjustment

· SFN:
Indicates the starting frame number the Timing Adjustment value shall apply.

2.3
Late-Entrant Cells

Late entrant cells (new cells being added without GPS receiver) or cells recovering from unavailability shall first be roughly synchronised via Iub interface messages. The Initial Synchronisation adjustment shall be performed as used in the preliminary phase. 

A special cell sync burst shall then be transmitted in order for the new cell to find the synchronisation signals. The following procedures have to be considered :

· Initial Synchronisation Adjustment

· Common cell sync burst to transmit

· Configure receiver of new cell
· Cell Sync Bursts Measurement Report from the new cell

Pre-condition for the synchronisation procedure is an executed Cell Setup procedure. That means, the SCH is already transmitting which is not wanted until the cell is synchronised. A Transmit Burst Enabling IE is therefore proposed to be added within Cell Setup, Cell Sync Burst Instruction and Synchronisation Adjustment procedures in order to enable or disable the burst transmitting at the radio interface except the cell sync burst transmitting:

Initial Synchronisation Adjustment:

See Preliminary phase as used for Initial Synchronisation

Common cell sync burst to transmit:

This procedure should be performed for those cells which are in the "neighbourhood" of the new entrant cell. The common cell sync burst shall be transmitted from these cells only once, i.e. in a radio frame identified with a specified SFN-number. After that exceptional event, the schedule is continued as defined within the steady state: i.e. the cell resumes transmitting or receiving the defined cell sync bursts.

All this shall be done without service interruption of the existing cells.

Information elements required:

· Common Physical channel ID

· Tx Power (burst specific, related only to the common cell sync burst)

· Cell Sync Burst Code, common for all cells involved

· SFN, common for all cells involved

Configure receiver of new cell:

This procedure is performed with the new entrant cell: The measurement to be performed by the new cell is started by informing the cell about the sync burst to receive, and about the SFN of the frame in which this burst is transmitted by the neighbouring cells. 

Information elements required:

· Common Physical channel ID

· Cell Sync Burst Code for late-entrant phase

· SFN when cell sync burst is transmitted in the late entrant phase

Cell Sync Bursts Measurement Report from the new cell:

On detection of the first common cell sync burst (which is assumed to originate from the "nearest" neighbour cell) the new cell re-initialises its frame clock, and restarts the frame counter with the pre-configured SFN. In addition the Node B shall send a synchronisation report to the RNC indicating that the frame counter has been adjusted. In case no measurement is reported by the new cell for a certain amount of time, the procedure for late-entrant cells shall start again.

At this point in time, the new entrant cell can be put into the "steady state" phase. However, before the new cell starts transmitting cell sync bursts only measurements shall be started on the regular cell sync bursts according to the schedule received for fine-adjustment purpose. 

3 Proposal

It is proposed to add section 2 of this document as new section 6.2 “Synchronisation Signalling aspects” within “Study Areas” of the Technical Report [1].
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