1

3GPP TSG-RAN3#24 Meeting 
Tdoc R3-012930
New York, USA, 22nd – 26th October 2001

Agenda Item: 
rb-5.9
Source: 
Siemens, CATT/CWTS
Title: 
Text for section 6.6 of the TR R3.004 ‘Node B Synchronization for 1.28Mcps TDD (Iub/Iur aspects)’
Document for:
Approval
1 Introduction

It is proposed to discuss and include the following text into TR R3.004 on ‘Node B Synchronization for 1.28 Mcps TDD (Iub/Iur aspects)’.
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RNC 

6.6
Synchronisation Signalling aspects

6.6.1
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.

6.6.1.1
Preliminary Phase

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

-
Reference cell identification: The RNC shall be informed at which of the cells the external reference clock (e.g. 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.

The procedures and messages for 1.28 Mcps TDD are identical to those described for 3.84 Mcps TDD in [3] and appropriate amendments have already been incorporated into the NBAP specification [1].

Reference Cell Identification:

The information about the reference clock availability is included 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 Synchronization procedure on the PCH frame protocol (see [4]) 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 cell has derived from the external reference clock.

Initial Synchronization Adjustment:

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

By means of the CELL SYNCHRONISATION ADJUSTMENT REQUEST message, the Frame Adjustment value is then transmitted by the RNC to the cells without an external reference clock.
6.6.1.2
Frequency Acquisition Phase

The frequency acquisition phase is used to bring cells of an RNS area to within frequency limits prior to initial synchronisation. No traffic is supported during this phase.

Reference Cell Transmission

The cell(s) identified as reference cell, i.e. external reference clock is connected to, shall transmit a SYNC_DL sequence continuously according to the information given in the Cell Synchronisation INITIATION Request message. Every reference cell shall transmit the same SYNC_DL code on the same carrier frequency.
Note: 1.28Mcps TDD timeslots are not supported during this phase.
Other Cell Reception

All other cells are considered as unlocked (i.e. not in frequency lock) and shall listen for the SYNC_DL sequence from locked cells. For setting the parameters within the Node B to listen for transmission from other cells, the Cell Synchronisation INITIATION Request message is used.

When a cell has detected that it has locked its frequency to within 50 ppb of the received signal, it shall signal completion of frequency acquisition to the RNC via a Cell Synchronisation report message and then begin continuous transmission of the common SYNC_DL sequence itself.

The process continues until the RNC has received completion of frequency acquisition signals from all cells at which point it sends a Cell Synchronisation terminATION Request message to each cell to stop all transmissions.

6.6.1.3
Initial Phase

In the initial phase the RNC will establish the "connectivity matrix", and in addition, the cells are for the first time brought into fine-synchronisation. During the initial phase any UE connections are disabled. The following procedures will have to be considered:

-
Cell Sync Burst Instruction: Each cell is instructed to transmit a cell sync burst at a certain SFN number and to listen to other cells’ sync bursts for the rest of the time.

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

-
Synchronisation Adjustment: The RNC provides timing adjustments to the cells.

Cell Sync Burst Instruction

The RNC instructs each cell in turn to transmit a common SYNC_DL sequence in a specified SFN while all other cells listen. The Cell Synchronisation INITIATION Request message is used to define the transmission and listening schedule.
Each cell uses the same carrier frequency and transmits just once in order to avoid any ambiguity in reception. The RNC will decide how many frames apart transmissions from successive cells shall be scheduled, taking into account the estimated errors in timing accuracy. In particular, initially there may have to be frames in which no transmission is scheduled.

Note: 1.28Mcps TDD timeslots are not supported during this phase.
Cell Sync Bursts Measurement Report

The cells report timing and SIR measurements via the Cell Synchronisation report message.

The resolution of the arrival time measurement shall be about 75ns.
Cell Sync Adjustment 

Whenever a cell reports the reception of a sync burst, the RNC can deduce unambiguously from the timing which cell made the transmission and therefore calculate the apparent time difference between transmission and reception. Part of the difference will be due to the distance between the cells and part due to the difference in their clocks. In principle, if each pair of cells hears each other’s transmission then both factors can be deduced. However, to determine how much timing correction to apportion to each cell is more complicated.

When all cells have transmitted, the RNC computes the set of timing updates and communicates them to each cell via the CELL SYNCHRONISATION ADJUSTMENT REQUEST message. 
The cell can deduce a frequency correction from the timing adjustment and the elapsed time since the previous update. It sends a CELL SYNCHRONISATION ADJUSTMENT RESPONSE message to the RNC after implementing the adjustment.

Several iterations of the steps of the Initial Phase are required to achieve the necessary timing and frequency accuracy. A timing accuracy of a few (sec is needed, not least to ensure that in future a received SYNC_DL sequence cannot invade much of the guard period at the end of timeslot 0 i.e. immediately preceding the DwPCH. The RNC could define a new transmission/measurement schedule for each iteration as timing accuracy improves, in order to accelerate the process.

6.6.2
Steady-State Phase

In the steady state phase each cell gets a cell sync burst plan that 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 cells now transmit their own pre-defined SYNC_DL sequence, rather than using a common code, on the frequency specified by the RNC. The plan should aim to minimise the blanking i.e. to maximise the number of sub-frames in which a cell transmits its SYNC_DL sequence.

As in the Initial Phase, the following procedures have to be considered:

-
Cell Sync Burst Instruction

-
Cell Sync Bursts Measurement Report

-
Synchronisation Adjustment

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 measure specific sync bursts. This is achieved via the CELL SYNCHRONISATION RECONFIGURATION REQUEST message.

The SFNs when to send or receive are not indicated explicitly but they are derived by the fact that the whole SFN period (4096 frames) is subdivided into several ‘synchronisation cycles’ of equal length.

Note: 1.28Mcps timeslots are now supported from this phase onwards.

Cell Sync Bursts Measurement Report
The cell changes frequency if necessary to receive the specified SYNC_DL bursts. It decodes the specified SYNC_DL sequences from defined neighbouring cells and reports received code, signal time and power indicator to the RNC via the CELL SYNCHRONISATION REPORT message. 

Synchronisation Adjustment

The RNC analyses the measurement reports continuously. A CELL SYNCHRONISATION ADJUSTMENT REQUEST message is sent to a cell when the analysis concludes that a correction is necessary.

The steps of the Steady-State phase are repeated indefinitely.

6.6.3
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 in the Preliminary Phase.

The RNC uses the CELL SYNCHRONISATION RECONFIGURATION REQUEST message to tell the late-entrant which SYNC_DL codes and carrier frequencies to listen for, corresponding to its neighbour cells.  The late-entrant cell acquires frequency lock on the neighbouring transmissions and then continues to listen so that it can adjust its frame timing.

The late-entrant cell has now obtained system time subject to an unknown propagation delay between it and its neighbours. This should be good enough for it to be allowed to enter the Steady State phase so at this point it sends a CELL SYNCHRONISATION REPORT to the RNC.

The RNC can then give the late-entrant cell (via a CELL SYNCHRONISATION RECONFIGURATION REQUEST message) its own schedule for sync burst transmission and reception and can also include it in the schedules given to its neighbouring cells.

6.6.4
Synchronisation Sequence

The following flow chart indicates the sequence of messages over the Iub between the CRNC and the Node Bs, in order to bring the 1.28 Mcps TDD system into synchronisation. For clarity, the flow chart does not include response messages.
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