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Introduction

This Tdoc proposes improved wording and more accurate definitions for the TR R3.004 – without changing the intended meaning of the TR.

This document is based on TR R3.004 v0.4.1. It includes change proposals for the Study Areas section of R3.004v0.4.1.

References

Proposal

It is proposed to include the following text changes (shown by revision marks) into TR R3.004 on ‘Node B Synchronization for 1.28 Mcps TDD (Iub/Iur aspects)’.
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3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the following terms and definitions apply.
Neighbour cell for synchronisation: A cell is a “direct neighbour cell” of another cell, if these two cells can safely receive the signals sent out for intercell-synchronisation (e.g. the SYNC_DL in the DwPTS) of each other.
Minimal neighbours: A cell C(1) and a cell C(2) are called “minimal neighbours” if they are either direct neighbours, or there exists an intermediate cell C(3) such that C(1) and C(2) are both direct neighbours to C(3). 

Indirect neighbours: A cell C(1) is an indirect neighbour to a cell C(N) if there exists a chain of intermediate cells C(2), C(3), …, C(N-1) such that C(1) is direct neighbour of C(2), C(2) is direct neighbour of C(3) etc, and C(N-1) is direct neighbour of C(N).
Connectivity Area : the Connectivity Area is an island covered by a set of cells which are all direct or indirect neighbours to each other.
Master cell: A cell which has local access to a reference clock which allows for frame and multiframe (SFN period) synchronisation to that reference clock independent of over-the-air synchronisation.
3.2
Symbols
3.3
Abbreviations
For the purposes of the present document, the following abbreviations apply:

DwPCH
Downlink Pilot Channel

DwPTS
Downlink Pilot Timeslot

GPS
Global Positioning System

NBAP
NodeB Application Part

RFN
RNC Frame Number

RNC
Radio Network Controller

RNS
Radio Network Subsystem
SFN
Cell System Frame Number (counter)

SIR
Signal to Interference Ratio

TDD
Time Division Duplex

UE
User Equipment

4
Background and Introduction

Node B synchronisation for 1.28Mcps TDD is a release 5 work item that was agreed in RAN#11 meeting. This work item enables the 1.28 Mcps TDD Inter Node B Node Synchronisation via the air interface. This includes the synchronisation of cells among each other belonging to the same Node B or to neighbouring Node B.

This document will identify the changes that are required to WG3 documents to enable the adoption of the accepted methods into the 3GPP standards.

5
Requirements

For support of the Node B Synchronization for 1.28 Mcps TDD the following functionalities have to be provided:

· Synchronisation of  the radio frame clock and multiframe clock (SFN period, 4096 frames) between neighbouring cells.

· Possibility to synchronise cells without external reference at each Node B.

· Possibility to synchronise the 1.28 Mcps TDD cells belonging to the same or different Node B to an external clock (e.g. GPS) provided at a sync port of one or more “master cells”. 

· Combining Iub interface signalling for “course synchronisation” with over-the-air synchronisation for “fine tuning”.

· Simultaneous, initial synchronisation of a group of cells in an RNS to each other and to a master cell before taking the cells into active service.

· Maintaining steady state synchronisation of a group of cells in an RNS during ongoing service.

· Synchronisation of “late entrant” cells being added to a set of active cells without service interruption of the active cells.

· Support of a range of synchronisation algorithms as described in [5], where the choice of the algorithm is left to the CRNC.
6
Study Areas

6.1
General

This section contains some basic information about Node B synchronization over the air for 1.28Mcps TDD.

6.1.1 DwPCH for Node B Synchronization

The DwPCH is normally used for synchronization of UEs in UTRA 1.28Mcps TDD mode to the respective UTRAN cells. In 1.28Mcps TDD there exist 32 cell groups, each using a unique SYNC_DL code, which is transmitted on the DwPCH in the DwPTS timeslot. The DwPTS consists of a Guard Period and a 64 chip long sequence, the SYNC_DL sequence (cf. Figure 1). 
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Figure 1: Structure of DwPTS

The DwPCH can – in addition to that original purpose of UE synchronisation – be used for maintaining a group of cells in a “connectivity area” synchronised to each other. For this purpose, a cell must be instructed not only to transmit the DwPCH signal, but also to receive this signal from neighbouring cells. This may result in a scheme as outlined below for the Steady-State synchronisation phase.
A cell transmits its normal SYNC_DL sequence in the DwPCH. However, in certain selected subframes, a cell shall “blank” the DwPCH transmission, i.e. it shall suspend transmission, and shall receive (measure) the DwPCH bursts from neighbouring cells instead. The cells will be transmitting more often than they will be making measurements. Scheduling information is used to inform a cell when to listen to its neighbours, at which time it must blank its own DwPCH. The scheduling of the listening/blanking sequence for each of the cells is controlled by the RNC.

During the sync schedules, only a few cells will transmit their SYNC_DL bursts. The listening cell shall make a measurement of one of these neighbours (nearer to a master than itself). Since in 1.28 Mcps TDD, neighbouring cells will typically transmit on different frequency bands, a  cell which shall measure the DwPCH bursts of its neighbours must be able to receive bursts of different frequency bands. The cell will be scheduled to listen to the required frequency bands, in order to obtain the required measurements.

6.1.2
Over the Air Cell Synchronization mechanism

For cell synchronization over the air interface three different synchronisation stages are distinguished:

-
Initial synchronisation, 
The initial synchronisation is used when a TDD network is newly established and has to be synchronised. It is assumed that none of the cells is supporting traffic at this time. The initial synchronization consists of two phases: the preliminary phase and the initial phase

-
Steady-State phase, 
In the steady state phase the synchronisation mechanism during normal operation applies.

-
Late-Entrant cells, 
Synchronisation mechanism for cells to be added to a synchronous network or cells recovering from loss of radio interface synchronisation.

This results in the following phase structure:

1. Initial Synchronisation

1.1 Preliminary Phase

1.2 Initial Phase

2. Steady State Phase

3. Late Entrant Synchronisation

 6.1.3
Synchronization Procedures
The Node B synchronization procedure for 1.28Mcps TDD is an optional procedure based on  the usage of the transmissions of the DwPCH according to an RNC schedule. The timing offset measurements are reported back to the RNC for processing. The RNC generates cell timing updates that are transmitted to the Node Bs and cells for implementation. 
The initial synchronization procedure has two phases to bring a network into a synchronized operation, the preliminary phase  and the initial phase.
Once the network is in synchronisation,  the steady-state phase serves for maintaining synchronisation. 
In addition there is the procedure for late entrant cells for cells to be added to a synchronised network.
6.1.3.1
Initial synchronisation
Preliminary Phase

1) There should be at least one “master cell” in each RNS connectivity area. This is a cell that is synchronised by an external reference (e.g. GPS). This cell should determine the local time modulo SFN period (4096 radio frames).
2) At the beginning of the Preliminary Phase, the RNC has to be informed which cells are “master cells”, i.e.at which of the cells an external reference is connected.
3) The RNC retrieves the reference timing signal from these master cells. When receiving the response about the timing, the RNC adjusts its internal clock RFN (RNC Frame Number), compensating for the Iub transmission delay by subtracting half of the estimated round trip Iub delay.
4) Now the RNC proceeds by updating the timing of all the remaining cells in the RNC, instructing them to adjust their clocks. Each of the timing offsets is adjusted by the half the Iub round trip delay for that Node B.
Required Iub interface procedures:

· Procedure for retrieving the SFN from the cells and for measuring the Iub interface roundtrip delay. – This can be done via existing Frame Protocol procedures.
· Procedure for cell timing (SFN and Frame boundaries) adjustment.
Result: The RFN in the RNC and the SFNs in all the cells are in “coarse synchronisation” with the “master cells”. The remaining timing uncertainty is due to the Iub interface transmission delay and is typically not more than a few radio frames. (It is up to the RNC to calculate the range of uncertainty after the Preliminary Phase and to take this into account in the following synchronisation steps.) 


1) 
2) 
3) 
4) 
5) 
Initial Phase

The Initial Phase can start once the cells are in “course synchronisation” with respect to their SFNs.



1) 
2) 
3) At this point, none of the cells is supporting traffic. All cells are instructed to transmit the SYNC_DL one-at-a-time and for the others to listen to that SYNC_DL signal based on RNC schedule for initial synchronisation. The SYNC_DL sequence is transmitted continuously throughout each radio frame period. Note: timeslots are not supported during the initial phase.
4) The cells that listen to transmissions and successfully detect other cells SYNC_DLs report their timing and received S/(N+I) to the RNC over the relevant Iub. Knowing the schedule, the RNC is able to determine the cells which made the transmission and place a measurement entry in the relevant place in its measurement matrix. 
5) After all cells have made their transmissions, the RNC computes both the estimated signal propagation delay between each two neighbouring cells, and the set of updates which will bring the cells nominally into synchronization. The RNC commands the respective cells to perform that timing update.
6) Steps 1 to 3 are repeated several times (typically 10). This serves two purposes:

· The rapid updates allow the correction of the clock frequencies as well as the clock timings to be adjusted in a short space of time. This rapidly brings the network into tight synchronization.

· The S/(N+I) values are averaged over this period. This provides more accurate measurements (averaging over noise and fading) which can be used in the automatic generation of a measurement plan for the Steady-State Phase to follow.

7) The S/(N+I) values are used by the RNC, automatically, to plan a measurement pattern for the Steady-State phase. This may be performed as follows:

· A matrix of minimal connectivity is computed which indicates for each pair of cells whether they are minimal neighbours. A pair of cell is designated  minimal neighbours if either their estimated average S/(N+I) exceeds a threshold (so they are direct neighbours) or if they have mutual direct neighbours.

· The set of cells is divided into partitions of cells. Each partition must satisfy the requirement that no pairs of cells with the same SYNC_DL on the same frequency within that partition are minimally connected. If this split into partitions succeeds, it means that all cells in a partition can send their SYNC_DL signals simultaneously without causing ambiguity for the receiving cells, because any receiving cell can distinguish the transmitting cells from the SYNC_DL code and the frequency band. – It is advantageous to minimise the number of partitions by suitable assignment of SYNC_DL codes to the cells.
Required Iub interface procedures:

· RNC to command Node B to send in a specific cell a specific SYNC_DL code with specified transmit power throughout a specific radio frame SFN, and to repeat that transmission with a certain repetition pattern within each SFN period for indefinite time.

· RNC to command Node B to receive in a specific cell a set of specific SYNC_DL codes in specified frequency bands, whenever this cell is not transmitting its own SYNC_DL code, and to report the measured times of arrival of these SYNC_DL codes, and the associated S/(N+I) values, to the RNC.
· Node B to report measurements of SYNC_DL codes, with associated timing and S/(N+I), to the RNC.

· RNC to command a cell (in a Node B) to adjust its timing. The range of timing adjustment can exceed one radio frame in this phase but its step size should be sufficiently small to achieve the required target synchronisation accuracy required to enter the Steady State phase.

Result: The RNC knows the “visibility” between each pair of cells, i.e. the path attenuation and  S/(N+I) values for SYNC_DL signals; so it can determine a SYNC_DL transmit and receive schedule for the Steady State phase. It also knows the propagation delay between neighbouring cells. – At the end of this Initial Phase, the cells are in synchronisation, due to the timing update commands received from the RNC.
6.1.3.2
Steady-State Phase
The steady-state phase allows the system  to reach/or maintain the required synchronization accuracy.

1) Each of the cells transmits its own predetermined SYNC_DL on the DwPCH and receives the specific SYNC_DL of neighbouring cells according to a SYNC_DL burst transmit and receive schedule which defines a synchronisation cycle that is periodically applied by the cell.  All cells report the reception timing for each specific SYNC_DL back to the RNC. Note: timeslots are now supported and the DwPCH is carried in the DwPTS only.
2) At the end of each cycle, the RNC collates the information and sends timing correction commands to the respective cells. – Note: In general there should always exist a path of bi-directional valid measurements that link every cell either directly or indirectly to the master cell with reference clock. However, the timing correction may be arranged such that only those cells which have such a path will be updated on any given occasion.

3) The process of transmissions/measurements and updating then continues indefinitely.
Required Iub interface procedures:

· RNC to command the cells to apply a “synchronisation schedule” consisting of “synchronisation cycles”; to send their normal SYNC_DL in the DwPTS time slots with the required transmit power; to “blank” the DwPTS at certain periodic times within the SFN period, and to perform measurements of SYNC_DL codes of neighbouring cells, and to report the measured timing and S/(N+I) to the RNC

· Node B to report the measurements according a specified reporting characteristics: immediately, or after each synchronisation cycle, or after an SFN period.

· RNC to send a timing adjustment command.
Result: The cells remain in accurate synchronisation to each other and to the master cells.
6.1.3.3
Late-Entrant Cells
The scheme for introducing new cells into a synchronized RNS is as follows:

1)  Late-entrant cells (new cells being added without GPS receiver) or cells recovering from unavailability shall first be roughly synchronised via Iub interface messages..

2) The RNC should tell the late-entrant which SYNC_DL codes and carrier frequencies to listen for, corresponding to its neighbour cells.  After the late-entrant cell has achieved frequency lock it should be reported to the RNC.

3) The late entrant then continues to listen and then reports the timing of the sync bursts that it receives. The RNC knows the location of all cells and therefore should be able to compute a timing adjustment for the late-entrant that takes into account the expected propagation delays between the late-entrant and its neighbours. The RNC adjusts the cell and the cycle is repeated until the RNC is satisfied that the cell’s timing is accurate enough for it to be allowed to enter the Steady State phase.
4) The RNC can then give the late-entrant cell its own schedule for sync burst transmission and reception and can also include it in the schedules given to its neighbouring cells..

6.2
Iub interface

Procedures are necessary 

· to instruct the transmitting Node B to transmit its normal SYNC_DL sequence in the DwPTS and 

· to blank the DwPCH of the listening Node Bs and 

· to request measurements from the individual cells.

· to adjust the transmitted power of the SYNC_DL seqwuence in the DwPTS during NodeB sync transmission and reception operations.

The same procedures can be used as for Node B synchronization for 3.84Mcps TDD. Additional procedures for the flexible signalling approach for the steady state phase must be introduced.

The same message can be used as for Node B synchronization for 3.84Mcps TDD. Additional messages for the flexible signalling approach for the steady state phase must be introduced.

It is expected that there are impacts on the information elements, which are introduced for the Node B synchronization for 3.84Mcps TDD, but it can be solved in a backward compatible way. 

6.3
Iur interface 

It is expected that Node B Synchronization for 1.28 Mcps TDD (Iub/Iur aspects) affects the NBAP [1] specification and the Synchronization in UTRAN Stage 2 [2]. Since it is assumed that each RNC area is synchronized individually to at least one reference clock, this ensures automatically synchronization between RNC areas. Therefore no communication over Iur is necessary between RNC areas.

6.4
Node B

The transmitting Node B would send its normal SYNC_DL sequence in the DwPTS, possibly at modified transmitter power.. The neighbouring Node Bs measure this sequence in their DwPTS, therefore the DwPTS has to be blanked in the listening cells for certain subframes to allow the measurements of the transmitting Node Bs. Blanking of the DwPTS in non listening cell may also be necessary to furnish adequate SINR in the listening cells. Furthermore at least one external reference clock (e.g. GPS receiver) has to be added per connectivity area.

6.5
RNC 

The RNC has to control the whole algorithm, the initialisation and establishment of a connectivity plan, collection of measurements and computation of the adjustment commands as well as support the necessary NBAP signalling. It may estimate the synchronisation accuracy between cells and signal the relevant information to the UEs for handover. All algorithms involved in the computation of timing updates and schedules are proprietary.

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 or the Node Synchronisation 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.









6.6.1.3
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

6.6.2.1
Centralised Control

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, and each “synchronisation cycle” is itself divided into several “repetition periods” of equal length. The first radio frame in each repetition period is available for either transmitting or receiving synchronisation bursts. The measurement results can be reported to the RNC as configured in the measurement reporting characteristics, which can be after each measurement (i.e. once per repetiton period), or after each “synchronisation cycle”, or after each SFN period, or event driven.
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.

6.6.2.2
Flexible Signalling
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