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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)’.
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

· References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

· For a specific reference, subsequent revisions do not apply.

· For a non-specific reference, the latest version applies.

[1] 
3GPP TS 25.433: " UTRAN Iub Interface NBAP Signalling”. 

[2] 

3GPP TS 25.402: "Synchronisation in UTRAN, Stage 2".

[3] 
3GPP TR 25.838: "Node B Synchronisation for TDD (Iub/Iur aspects) ".

[4]
3GPP TS 25.435: "UTRAN Iub Interface user plane protocols for CCH data streams".
3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the following terms and definitions apply.

Connectivity Area : the Connectivity Area is an island covered by a set of cells that are within range of each other (i.e. such that every cell can detect the SYNC_DL sequence of at least one other cell).
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

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 currently exclusively used for downlink synchronization. In 1.28Mcps TDD there exist 32 cell groups, each using a unique SYNC_DL code, which is transmitted in the DwPTS timeslot. The DwPTS consists of a Guard Period and a 64 chip long sequence, the SYNC_DL sequence (cf. Figure xx). The SYNC_DL sequence within the DwPCH is modulated with respect to the midamble of the P-CCPCH (which is always in TS#0) in order to indicate the position in the interleaving period, whether it is an odd or even radio frame and first or second subframe respectively. 
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Figure xx: Structure of DwPTS


A cell transmits its normal SYNC_DL sequence in the DwPCH. 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.

All other cells transmit their SYNC_DL and the listening cell makes measurements of these neighbours. A cell will always transmit its steady-state SYNC_DL sequence using one of the three 1.6 MHz frequency bands, whereas the immediate neighbours of any cell will transmit their SYNC_DL on either of the other two frequency bands. A cell must be scheduled to listen to each of the three frequency bands in turn, in order to obtain a complete set of 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 three phases: the preliminary phase, the frequency acquisition 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.

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 synchronization procedure has four phases to bring a network into a synchronized operation, the preliminary phase, the frequency acquisition phase, the initial phase and the steady-state phase. For Node Bs and cells with high accuracy frequency references, the frequency acquisition phase may be omitted. The procedure for late entrant cells is slightly different and is described separately.
6.1.3.1 Initial synchronisation
Preliminary Phase

1. There should be at least one cell in each RNC area (i.e. in the RNS) that is synchronised by an external reference (e.g. GPS). This cell should determine the local time modulo SFN period.
2. The RNC has to know at which of the cells the external reference is connected.
3. The RNC retrieves the reference timing signal from the cells that have a GPS. When receiving the response, the RNC adjusts its internal clock RFN (RNC Frame Number), compensating the Iub delay by subtracting half of the known 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 again adjusted by the half Iub round trip delay for that Node B.

Frequency Acquisition Phase

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

1 The cell(s) identified as reference cell, e.g. external reference clock is connected to, shall transmit continuously a SYNC_DL sequence continuously throughout each radio frame period. Note: timeslots are not supported during the frequency acquisition phase. 

2 All other cells are considered as unlocked (i.e. not in frequency lock).

3 While being in this state, a cell shall not transmit, but shall listen for transmissions of SYNC_DL from other cells. The cell shall perform frequency locking to any transmission received.

4 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 and should begin transmitting the own SYNC_DL.

5 When the RNC has received completion of frequency acquisition signals from all cells the frequency acquisition phase is completed.

Initial Phase

The procedure for initial synchronization is used to bring cells of an RNS area into synchronization at a network start up.
 If the Preliminary Phase is completed step 1 and 2 of the initial phase can be omitted.
1 The RNC sends a request over the relevant Iub to the cell(s) with GPS reference for a timing signal. The RNC adjusts its clock appropriately, compensating for half of theknown round trip Iub delay.

2 The RNC sends timing updates over the Iub to all the cells, apart from the one containing the GPS, instructing them to adjust their clocks towards its own timing.

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, 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. After all cells have made their transmissions, the RNC computes the set of updates which will bring the cells nominally into synchronization.

5 Steps 3 and 4 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.

6 The S/(N+I) values are used, automatically, to plan a measurement pattern. This is performed as follows:

· A matrix of minimal connectivity is computed on the basis of designating pairs of cells are minimal neighbours if either their estimated average S/(N+I) exceeds a threshold or if they have mutual 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 within that partition are minimally connected.

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 transmit its own predetermined SYNC_DL on the DwPCH and receive the specific SYNC_DL of neighbouring cells according to the above procedure. 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. In general there should always exist a path of bi-directional valid measurements that link every cell either directly or indirectly to the cell with reference clock. However, the model is 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.
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.

The same procedures can be used as for Node B synchronization for 3.84Mcps TDD.
The same message can be used as for Node B synchronization for 3.84Mcps TDD.
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. 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. 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.
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