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1 Introduction

In Release 00 the synchronisation for TDD cells can be achieved with different solutions:

· Synchronisation to an external reference via the standardised synchronisation port

· Synchronisation via the air interface

This contribution is intended to describe the principle of the synchronisation mechanism via the air interface.

2 Discussion

2.1 General

The synchronisation via the radio interface is based on specific sync bursts, transmitted in the PRACH time slots of selected radio frames (see Ref. [2]). For a consistent terminology and to be consistent with WG1 definitions in the following the sync bursts are called ‘cell sync bursts’, the PRACH time slots containing the cell sync bursts are called ‘cell sync time slots’ and the selected radio frames are called ‘cell sync radio frames’. Different cell sync bursts are typically cyclic shifts of a basic cell sync code, where the shift is big enough for unambiguous cell sync burst separation.

2.2 Over the air Cell Synchronisation mechanism [TDD]

For cell synchronisation over the air interface 3 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.

· 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.

2.2.1 Initial Synchronisation

Preliminary Phase:

1) There should be at least one cell in each RNC area (i.e. in the RNS) which is synchronised by an external reference (e.g. GPS). This cell should determine the local time modulo SFN period (40,96 sec.). 

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 with 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 RNS, instructing them to adjust their clocks. Each of the timing offsets is again adjusted by the Iub round trip delay for that cell. - The result is: All the cells are "roughly synchronised", with an inaccuracy corresponding to the uncertainty of the Iub interface signalling transmission time, which is likely to be more than 1 radio frame.

Initial Phase: 

5) For the sync procedure it is useful to know which cells can “hear” each other. However, during the initial phase, it is assumed that there is yet no information available on which to base the generation of a re-use pattern for sync transmissions. Thus all cells are instructed to transmit their cell sync bursts in turn one after the other. The same cell sync burst signal is used by all cells. 
6) All cells listen for transmissions and those which successfully detect a cell sync burst report their timing and received S/(N+I) to the RNC. Knowing the schedule, the RNC is able to determine the cell which made the transmission and place a measurement entry in the relevant place in its inter-cell connectivity matrix. After all cells have made their transmissions, the RNC computes the set of timing updates which will bring the cells nominally into synchronisation.
7) Steps 5 and 6 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 period of time. This rapidly brings the network into tight synchronisation. 

· 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 re‑use plan.

8) The S/(N+I) values in the connectivity matrix are used by the RNC to plan a re-use pattern. This is performed as follows:-

· A matrix of minimal connectivity is computed where pairs of cells are labelled as “minimal neighbours” if either their estimated average S/(N+I) exceeds a threshold or if they have at least one neighbour in common.

· The set of cells is divided into partitions where cells which are in the same partition are sufficiently separated and can therefore be allowed to send the same cell sync burst at the same time. For this purpose each partition must satisfy the requirement that no pairs of cells within that partition are minimally connected.
2.2.2 Steady-State Phase

At this point, each cell gets a "cell synch burst plan" which tells the cell what to do whenever e.g. their SFN modulo 128 = 0. Based on that plan, they start transmitting or receiving cell sync bursts, respectively, and they report the relative time of cell synch burst reception, among others, to the RNC. 

1. All cells in the same partition are arranged to transmit / receive in the same cell sync frames according to the above procedure and they transmit the same cell sync burst signal in parallel. All cells report the reception times for all relevant burst signals back to the RNC. In order to decrease the number of messages over Iub, the measurement reports may be sent only when a certain threshold is exceeded.

2. At the end of each cycle, the RNC collates the information. In general there should always exist a path of bidirectional valid measurements that links every cell either directly or indirectly to a 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 partition transmissions and updating then continues indefinitely

2.2.3 Late-Entrant Cells

The scheme for introducing new cells into a synchronised RNS is as follows:

· There is a specialised sync transmission at regular intervals or event driven. A single common cell sync burst is transmitted in parallel by all cells which are synchronised in the system. The late entrant cell will correlate against the specialised sync transmissions. The late entrant cell will take the earliest reception as the timing of the system.

· Thus, at this point, the late entrant cell has obtained system time, subject to an unknown propagation delay between it and its nearest neighbour. At this time, the late entrant cell cannot tell which of its neighbours is the nearest. However, this level of synchronisation is good enough that from then on the late entrant cell can distinguish the overlaid normal sync transmissions unambiguously for the various code shifts.

· After this time the late entrant cell can measure the timings of sync transmissions received from specific cells and report these to the RNC. In turn, the RNC can give the late entrant cell its own schedules for cell sync burst transmission and reception. The RNC can then use the bi-directional sounding, which will then be available, to compute the true timing error and to instruct the cell to adjust its timing appropriately.

3 Proposal

It is proposed to add section 2.2 of this document as new section 6.1 within “Study Areas” of the Technical Report [1].
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