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1 Introduction

Cell synchronization is planned for UTRA TDD in order to fully exploit the system capacity. Several issues have been identified as of key importance in determining the accuracy requirements for cell to cell synchronisation:

1) Impact of Time Error on Inter Slot Interference

2) Impact of Time Error on Timing Advance Adjustment for Hand Off

3) Impact of Cell Timing Adjustments on UE receive and tracking performance

 These will be considered in turn, below:

2 Impact of Time Error on Inter Slot Interference

 The worst case interference occurs when the pre-cursor of a UE transmission interferes with the tail of reception at a  neighbouring UE in the preceding time slot. The guard period, introduced in order to cope with such overlaps, is eroded by three effects:-

· The propagation delay from a cell transmitter to a UEs

· The timing advance  

· The sync error between cells

In addition there are further effects due to the following:-

· Multipath delay span – It extends the overall delay over which the signal must be considered. There will be negligible multipath between neighbouring UEs since this will be dominated by a very strong line of sight path.

· The delay in the UE1 receiver filter and transmitter. 

Taking into account these effects, a maximum range of 1 km with 30 chips delay spread would require a maximum sync error of about 0.5 µs. If the maximum sync error were increased to 2.5 µs then only about 15 chips of delay spread could be accommodated.  

Thus on the basis of inter slot interference it is proposed that the maximum sync error should not exceed ( 0.5 µs.

3 Impact of Time Error on Timing Advance Adjustment for Hand Off

For handover to a synchronized cell, the UE sets its timing advance in the new cell autonomously. It measures the time difference to the new cell and adds twice this difference to its timing advance in the old cell.

We need to consider the two directions of handover – ie to a cell with earlier timing and to a cell with later timing.

For the case to a cell with earlier timing,  the adjustment for timing advance will be smaller than it should be. Because of the way that the timing advance algorithm works, any error is effectively doubled. Thus, the maximum timing advance error is 4 times the sync error.  This will cause the signal to be transmitted later rather than earlier, resulting in less inter slot interference to neighbouring UEs but a reduced delay spread at the cells receiver. 

For a handover to a cell with later timing the timing advance will be increased according to the time difference between the two cells. This brings the UE transmission time nearer to the neighbour UE reception time.  The other effect is that the transmission from the UE is shifted forward in time at the cells receiver. This error can be as large as 4 times the sync error. If the maximum sync error was ± 2.5 µs then this would lead to a reception timing error of 38.4 chips. The midamble structure can only disambiguate time shifts of up to 57 chips. If the earliest (reference) path arrives 38.4 chips early then it will be erroneously detected as 18.6 chips into the midamble with the previous shift and nothing will be detected in the wanted position and the code using the previous midamble position may be unreceivable because of interference on its midamble (corrupted channel estimate).

Thus, the worst case timing advance errors could be catastrophic for the period up to the update. One solution could be to have no timing advance at all after handover until the first timing advance update. However, it might take 200 ms for the UE to receive such an update and it is a restriction for cells larger than 1 km. 

Therefore a more practical limit for the timing advance error range would be 10 chips (± 5 chips). This corresponds to a synchronization error of ( 5/4 chips or ( 320 ns.  

4 Impact of Cell Timing Adjustments on UE Receive and Tracking Performance

A sync inaccuracy of ± 2.5 µs implies that the timing of a cell could shift by up to 5 µs, or 19.2 chips from one frame to the next. Such a shift could have a severe effect on reception in a UE. Moreover there could be repercussions in measurements for timing advance.

Such effects could be substantially removed, however, provided the timing adjustments from one frame to the next were constrained not to exceed a given limit (eg 100 ns). This could be achieved either by filtering, slew limiting or by controlling the timing indirectly through the cell reference oscillator frequency.

It is thus concluded that the effect of cell timing adjustments need not be a critical factor in determining the requirements for cell timing accuracy.

5 Location services

The support of location services is part of release 2000. No method has been selected yet, but among others there are two potential candidates, that fulfill the requirements:

· GPS assisted: There is a GPS receiver in each UE. This receiver could be a very simple implementation. In this case, the UE needs some data from the network in order to speed up and improve its measurements. This data specifically contains the time offset between the serving cell and UTC. It can be provided by means of a GPS receiver in each cell or special devices (special, stationary UEs), that can measure the time offset

· OTDOA: Here the UE performs measurements of the relative timing of several cells. In additions to these measurements the relative timing of the cells’ clocks has to be known. This latter could e. g. be provided by means of a GPS receiver or other extra devices.

Both methods could be implemented with considerably less effort if the cells of the system are synchronized to each other. In this case there is neither a need for a GPS receiver at each cell, nor does extra hardware have to be deployed for performing measurements.

However, the synchronisation accuracy has to be below 100ns, so that the LCS algorithms can fulfill all accuracy requirements.
6 Conclusions

There are several factors, that have to be taken into account when setting a requirement for the maximum synchronization error of a cell. The most stringent one is the handover performance, that sets the limit to ( 320 ns.  

The requirements suggested by the above discussion approach those needed to implement a cost-effective LCS system. It is therefore proposed that the accuracy requirement should be considered with this in mind.






