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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 Timing Advance Adjustment for Hand Off

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

3) Impact of Time Error on Inter Slot Interference

These will be considered in turn, below:

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

A simple handover scenario is shown in figure 1.





Figure 1 Handover Scenario

Suppose that the UE was originally affiliated to C1 and performs a handover to C2. Its prior timing advance with respect to C1 will be d1/c (where c is the speed of light). In order to adjust its timing advance for handover it will compare the reception times from C1 and C2. If the cells were perfectly synchronised the adjustment would be Tadj = 2 (d2 – d1)/c . The timing advance for C2 is then obtained by adding Tadj to the existing timing advance. However, the actual measured value for Tadj​ will be given by Tadj = 2 (d2/c – d1/c + Esync). While Esync is defined as the maximum synch error C2 may have compared to C1. Thus, if for example the timing for C2 is earlier than for C1 (ie Esync < 0) then the adjustment for timing advance will be smaller than it should be. Because of the way that the timing advance algorithm works, the synch error is effectively doubled. Thus, the maximum timing advance error is 2 Esync (the correct figure in the new cell would be 2 d2/c, while the calculated is 2 d2/c + 2Esynch). If the maximum sync error was 5µs 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, it will be erroneously be detected into the midamble with the previous shift and nothing will be detected in the wanted position. As a consequence, the code using the previous midamble position may be unreceivable because of interference on its midamble (corrupted channel estimate).
A similar effect applies for handovers in the other direction. The only difference is the fact that clipping at zero can reduce the timing advance to zero. In this case the worst case timing advance error would be equal to the propagation path delay. There is not the same problem with ambiguity for errors in this direction – the path will appear later in the correct midamble window – there will be a possible loss of later multipath components – these may also interfere with reception on the code using the adjacent midamble, creating phantom paths in its channel estimate.

Thus, the worst case timing advance errors could be unfavorable for the period up to the update. One apparent solution to this problem would be to subtract the worst case timing error of 38.4 chips from the timing advance during the period up to the first timing advance update. The error would then range from 0 to 38.4µs + propagation delay. This range is so large that in practice it would be better to have no timing advance at all after handover until the first timing update. 

A more practical limit for the timing advance error would be 5 chips. This corresponds to 2 Esynch so that Esynch = 5/2 chips or approximately 650ns. Note that 5 chips timing advance error may still lead to a significant part of the channel response energy falling into the previous midamble estimation window. This may be compensated for by adding this maximum timing advance error as described in the section above.

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

The sync inaccuracy as currently proposed implies that the timing of a cell could shift by up to 5µs, 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.

4 Impact of Time Error on Inter Slot Interference

The worst case scenario for this issue is illustrated in figure 2, below:
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Figure 2
Interference Scenario

The propagation delay between C1 and UE1 is d1/c and between UE2 and C2 is d2/c. The worst case interference occurs when the pre-cursor of UE2’s transmission interferes with the tail of reception at UE1 in the preceding time slot. However, this effect is dominated by the delay spread, the ramp up period and the difference in propagation delays. Due to the low probability of this scenario and the possibility of dynamic channel allocation (DCA), this scenario is judged to have no significant impact onto system performance. 

5 Conclusions

The available budget for timing errors is divided between cell sync timing errors, delay span and radio range. It is highly desirable to maximise the available tradeoff.  Delay spread is outside the control of the system designer, at least in case a general system deployment is assumed. Cell sync timing errors fall within the scope of the designer and should be chosen to maximise the user flexibility. Evaluation of autonomous timing advance adjustments by the UE in case of handover suggests that diminishing returns in this area are achieved at a cell timing accuracy of 650ns.
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