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1. Introduction

Fast DCH setup is one of the major techniques discussed for enhancing the performance of dedicated transport channels in UTRA FDD [1] and a technique for fast uplink/downlink synchronization was proposed in [2]. The current contribution presents some simulation results for the scheme in [2].

2. Simulation Results

The fast uplink/downlink synchronization scheme has been simulated with a 10 ms ramping interval for synchronization, followed by a data transmission phase. The data transmission phase was modeled by transmission of a single transport 126-bit block using a 10 ms TTI. Rate ½ convolutional coding and a 16-bit CRC were used. These numbers are used as an example only; in a typical application the data transmission phase lasts longer that 10 ms and turbo coding and larger transport blocks sizes are typically used. The performance have been evaluated in terms of the preamble detection probability during the ramping phase and transport block error rate during the data transmission phase.

The detection probability indicates the likelihood of preamble detection within the 10 ms ramping phase for the chosen set of parameters. In the simulation setup, the preamble detector calculates the delay power spectrum (DPS) using one slot of data. DPSs of subsequent slots in the ramping phase are non-coherently accumulated via a 1-tap-IIR filter with coefficient 0.9. Based on the non-coherently accumulated DPS, the ratio between the sum of the four strongest peaks and the noise level of the DPS is formed and used as the detector output. If the detector output exceeds the threshold, synchronization has been achieved. The threshold was computed without any knowledge of the channel conditions, e.g., channel profile, Doppler frequency, etc. Normally, the initial DPCCH transmit power is calculated according to the open-loop power control algorithm specified in [3]. Since no path loss estimator was included in the link simulation, the initial power was set to a fixed level throughout the simulations. The power level was computed from the Eb/N0 target used during the data transmission phase. The power step size during preamble ramping, i.e., the difference in power between two successive slots, was set to 1 dB. Note that present specifications do not permit using different step for the power control preamble and the data transmission. However, simulations have indicated that a slight increase in performance can be achieved if this is allowed.

During the data transmission phase following the preamble ramping, conventional power control is applied, i.e., the inner loop continuously adjusts the transmit power to meet a given Eb/N0 target. In the simulations, the Eb/N0 target is represented by a received power level since noise and interference is modeled by AWGN at a fixed power. A power control step size of 1 dB was used. Only the paths found from the preamble ramping phase are used in the RAKE receiver. Hence, the BLER results are affected on how well the receiver succeeded in finding all relevant paths during the ramping phase. The channel estimation for each of the paths found was assumed to be perfect, i.e., only the path searcher is modeled in the simulations. However, the difference between ideal and non-ideal channel estimation is small, in the order of a few tenths of a dB. 

In Figure 1, the operation of the scheme is illustrated for the case of error-free TPC commands. DPCCH received power (measured after the RAKE, including noise) and total received power (measured prior to adding channel noise) is plotted as functions of time for a Pedestrian A channel at low Doppler frequency. Every even numbered frame is a ramping phase and every odd frame is the actual data transmission. This division is done for simulation purposes only; in a real system data transmission typically lasts longer than a single frame. The varying initial power level at the receiver is due to fading of the channel as a fixed initial transmitter power was used. Detection is reached somewhat before the power control loops starts to operate (seen from the oscillations of the received power). At start of the data transmission, the transmitted DPCCH power is set according to gain factors (c and (d as stated in the specifications. Hence, the DPCCH power is reduced at the beginning of the data transmission phase compared to the end of the ramping phase. The red total power curve corresponds approximately to the power of the preamble at the end of the ramping phase. In Figure 2, a similar example is shown, but with 20% TPC errors to illustrate the schemes robustness to TPC errors.
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Figure 1: Example of preamble ramping without TPC errors.
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Figure 2: Example of preamble ramping with 20% TPC errors.

The detection probability and BLER for Pedestrian A at 3 km/h and Vehicular A at 120 km/h is shown in Figure 3 and Figure 4, respectively. The receiver parameters are identical at all simulation points, only the target Eb/N0 is varied. All curves are plotted against the true measured long-term Eb/N0 resulting from the chosen target value. No receiver diversity was used.

The results show that a sufficient detection reliability is achieved for both cases at the Eb/N0 values of interest, i.e., values corresponding 1%-10% BLER. The detection probability for the vehicular channel is virtually 100%, whereas in the Pedestrian A case it is better than 98%. In the slowly-fading Pedestrian A case, there is a possibility that the preamble falls almost entirely within a deep fading dip, while this is not the case for the rapidly-fading and highly-dispersive Vehicular A channel. This explains the slightly better performance for the Vehicular A case. Note that due to the high degree of multi-path of the Vehicular A channel, the power of each individual path is lower than in the indoor case. However, although preamble detection as such is not a problem in this environment, it is sometimes difficult to acquire all relevant propagation paths on the preamble. In the simulation only the paths found from the preamble are used in the demodulation process. Therefore, there is a degradation in BLER performance compared to ideal path detection. The loss is approximately 2 dB. However, as additional paths can be found by the path searcher during the data transmission following the preamble, this effect can relatively quickly be compensated for during subsequent radio frames (typically, the DCH remains established for more than 10 ms, providing ample of time for the searcher to find all useful paths). 

If the ramping step size of the power control preamble is chosen too small, it may not be possible to achieve detection within 10 ms frame, i.e. the detection probability decreases. On the other hand, if the step size is chosen too large, the power control loop delay frequently causes large overshooting of transmit power. The best choice for the step size has been found to be 1.2 dB. A setting of 2 dB step size is somewhat too large, whereas with 1 dB step size detection probability slightly decreases. If the preamble ramping phase causes larger received power than required, this will be compensated for by the power control during the data transmission part. 
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Figure 3: Performance for Pedestrian A at 3 km/h with error-free TPC commands (solid red line) and 10% TPC error probability (dashed blue line). No receiver diversity was used.
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Figure 4: Performance for Vehicular A at 120 km/h. No receiver diversity was used.

3. Conclusion

Simulation results for the uplink/downlink synchronization scheme proposed in [2] has been presented and it was found that reliable synchronization can be found by the proposed scheme. It is recommended that the contents of Section 2 are incorporated in Section 9.3 of [1]. 
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