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1. Summary

In this report, the performance of two cell search schemes, 3GPP and CPM, are evaluated in handover cell search scenarios. Link simulation is adopted to evaluate the performance. To achieve fast acquisition to potential handover candidates, enhanced cell search techniques are introduced. These enhanced techniques are based on simple interference cancellation or peaks nulling to remove the dominating FSC signals from the active base stations. In this report the term active base stations are defined as the base stations to which the mobile has achieved synchronisation and is actively tracking the timing thereof. It will be shown that the cell search performance can be significantly improved with the proposed enhanced techniques.

The simulation parameters used in this study agree with those specified in [1], except that the power of SCH is evenly split between FSC and SSC for the 3GPP scheme. It is believed that by optimising the power ratio between FSC and SCH the performance of the 3GPP scheme can be further improved [2].

The numerical results suggest that the 3GPP scheme is much better than the CPM scheme in both the one-path (5 km/h) model and Vehicular B (60 km/h) model, with or without using interference cancellation.

More numerical results will be provided for other test cases in the future.

2. Simulation Model and Parameters

The simulation model is illustrated in Figure 1. Two base stations are of interest. Base station (BS) A is considered active, in the sense that the terminal has already synchronised to this base station and actively track its timing and channel response. Base station B is considered new, as the terminal has not yet achieved synchronisation to this base station. Signals not of interest are together modelled as the interference signal shown in Figure 1. The total power of BS A, BS B, and interference, are respectively, PA, PB and N. The received signal consists of signals from BS A and BS B, each going through an independent fading channel, in addition to the interference component. The average time required for synchronising to BS B, in the presence of a stronger signal from BS A is of interest.

The parameters used in the simulation are the same as what is specified in [1], except that the power of SCH is evenly split between FSC and SSC for the 3GPP scheme. It is believed that by optimising the power ratio between FSC and SCH the performance of the 3GPP scheme can be improved [2]. The simulation parameters used in our simulations are listed in Table 1.
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Figure 1: Simulation model.

Table 1 Simulation parameters.
Parameter
3GPP
CPM

channel model and velocity
Vehicular B (60 Km/h), One-path (5 Km/h)

SCH power
5% BS power for FSC

5% BS power for SSC
10% or 5%

BS power for FSC

side information
10 BS's in the candidate list, whose groups are different and known.
 Path information of primary BS is known

PA/PB
3 and 6 dB

PA/N
-8, -6, -4, and -2 dB

stage 1 sync time
10 ms
10 ms

stage 2 sync time
20 ms
20 ms

stage 3 sync time
10 ms
10 ms

stage 1 metric reset time
200 ms or 10 ms
-

L
-
4

sampling rate
one sample per chip

The stage 1 metric reset time is either 10 msec or 200 msec, depending on whether interference cancellation is used during cell search. It is found that without interference cancellation, long metric reset time for stage 1 decreases the probability of finding a new base station, when the power of the new base station is much weaker than the active base station.

According to the synchronisation times given in Table 1, the synchronisation procedure is illustrated in Figure 2.
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Figure 2 Cell search procedures in the handover mode.

3. Enhanced Cell Search Algorithms

In handover cell search scenario, the stage 1 metric for the 3GPP scheme can be illustrated in Figure 3. It is shown that after sufficient metric accumulation, the largest values of the metrics in one slot interval are all from BS A (assuming BS A has much stronger power than BS B). With the presence of these large metrics which receive strong contribution from BS A's signal, it is difficult for the terminal to find the slot timing of BS B.
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Figure 3 Stage 1 accumulated metrics. (conventional approach)

Using simple interference cancellation techniques, which are described in detail below, can alleviate this problem.

3.1 Interference Cancellation

As mentioned earlier, the terminal has to track the timing and channel response for cells that are currently active. With this information, the terminal can reconstruct the signals as they are received after the matched filtering with the FSC, that is the way the base stations appear at the output of the matched filter matched to the FSC. This allows the terminal to subtract the active base stations’ matched filter signals from the matched filter output and thus remove the influence of all active base stations. Observe that this also will remove the multipath components received from the active BS's. The output of the matched filter can then be accumulated as for the conventional solution using non-coherent combining. It should also be noted that much of the calculations for the active BS's matched filter signals can be precomputed and stored (e.g.  the autocorrelations of the search codes), and that we also may limit the signals in time to a small window around the peaks in the impulse responses of the channels. The block diagram for this cell search scheme is illustrated in Figure 4.
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Figure 4 Block diagram of the improved neighboring cell search scheme. (with interference cancellation)

The stage 1 metric for the 3GPP scheme utilizing the interference cancellation technique described above can be illustrated in Figure 5. It can be seen that the strong peaks as a result of BS A signal is removed.
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Figure 5 Stage 1 accumulated metrics. (with interference cancellation)
3.2 Peaks Nulling

A simpler alternative for improving handover cell search performance is to nullify the metrics (by setting the metrics to zero) at the positions corresponding to the slot boundaries of active base stations. Since the terminal is tracking the timing of these base stations, this can be easily done. Figure 6 illustrates such a scheme.
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Figure 6 Block diagram of the improved neighboring cell search scheme. (with peaks nulling)

The stage 1 metric for the 3GPP scheme utilizing the peaks nulling approach described above is illustrated Figure 7.

[image: image7.wmf]Title:

stage1_metric_IC2.eps

Creator:

fig2dev Version 3.2 Patchlevel 0-beta3

Preview:

This EPS picture was not saved

with a preview included in it.

Comment:

This EPS picture will print to a

PostScript printer, but not to

other types of printers.


Figure 7 Stage 1 accumulated metrics. (with peaks nulling)

Though the peaks nulling approach is simpler compared to the full interference cancellation technique described in the previous subsection, it has difficulty in finding a new BS when the signal from the new BS is slot-aligned with signals from active base stations. However, such events are very rare, especially in time-dispersive channels. Even if these rare events occur, due to clock drift, they will only last for a short period of time. Once the signal from a new BS moves away from the slot-aligned scenario, it can be identified using the peaks nulling approach, given the signal strength is sufficiently high.

4. Numerical Results

The simulation results are presented in this section. First, the results for the one-path model with 5 km/h velocity are shown in  
Figure 8
 and Figure 9 for PA/PB=3 dB and 6 dB, respectively. The SCH loading factor used is 10% for getting these results. It was found that when not using interference cancellation (IC) a long metric reset time results in strong peaks of BS A. These peaks are dominating which reduce the chance of synchronising to BS B. Therefore, the metric reset time for the 3GPP scheme is 10 msec for the cases without IC and it is 200 msec for the case with IC. For comparison, the IC technique is also applied to the CPM scheme to see how much the performance can be improved, though in practice it is more difficult to perform interference cancellation for the CPM scheme. It can be seen that with or without interference cancellation 3GPP scheme is much better than the CPM scheme. The interference cancellation scheme significantly improves the handover cell search performance.
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Figure 8 Average synchronization time in the one-path channel model. (velocity= 5 km/h, PA/PB =3 dB, SCH loading factor=10%)
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Figure 9 Average synchronization time in the one-path channel model. (velocity= 5 km/h, PA/PB=6 dB, SCH loading factor=10%)
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Figure 10 Average synchronization time in the Vehicular B channel model (velocity= 60 km/h, PA/PB=3 dB, SCH loading factor=10%)

The results for the Vehicular B channel with velocity 60 km/h are shown in Figure 10 and Figure 11 for PA /PB=3 dB and 6 dB, respectively. The loading factor for SCH is 10%. In these figures, we only show the results with interference cancellation. For this case, we assume the terminal is tracking only the largest three multipaths for BS A; therefore, the interference from BS A is not completely removed. In this case, 3GPP scheme significantly outperforms the CPM scheme.
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Figure 11 Average synchronization time in the Vehicular B channel model. (velocity= 60 km/h, PA/PB=6 dB, SCH loading factor=10%)

The results for the Vehicular B channel with velocity 60 km/h are shown in Figure 12 for PA /PB=3 dB. This is with loading factor for SCH is 5% and is only simulated for the CPM scheme with interference cancellation. Here is seen a severe degradation of CPM compared to Figure 10. 

[image: image12.wmf]-8

-7

-6

-5

-4

-3

-2

40

60

80

100

120

140

160

180

PA/N (dB)

average sync time (ms)

3GPP

CPM

with IC

w/o IC

CPM

CPM

3GPP

3GPP


Figure 12  Average synchronization time for the CPM scheme in the Vehicular B channel model. (velocity= 60 km/h, PA/PB=3 dB, SCH loading factor=5%)

5. Conclusion

In this report, the performance of the 3GPP and CPM based cell search schemes are evaluated in the handover scenarios. It was shown that the cell search performance can be significantly improved with the proposed enhanced techniques. Moreover, the numerical results suggest that the 3GPP scheme is much better than the CPM scheme in both the one-path (5 km/h) model and Vehicular B (60 km/h) model, with or without using interference cancellation.
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