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1 Introduction

We present here simulation results to show the optimum algorithm and step size for the recovery period after transmission gaps in slotted mode, for a range of different speeds in the Pedestrian A channel. 

Realistic error conditions were used for the simulations, including typical TPC error rates and SIR estimation error (see following section). 

2 Simulation Assumptions

The following simulation assumptions were used:

2GHz carrier frequency

Pedestrian A channel

1 slot power control loop delay 

AWGN TPC error: 4% in normal mode; 7% in recovery period

SIR estimation error based on uplink SIR, using 6 pilot bits

No control channel overhead in Eb/No

Perfect Rake receiver

Ideal channel estimation 

Transmission gap length 8 slots

Recovery period length 8 slots

Recovery period positioned at end of frame

Physical channel rate 32kbps

No channel coding

AWGN interference

Recovery period algorithms:

Algorithm 1

“Recovery period step size” for 8 slots after transmission gap; then revert to “normal mode step size”.

Algorithm 2

“Recovery period step size” until TPC commands change sign for the first time after transmission gap, when revert to “normal mode step size”.

Algorithm 3

“Recovery period step size” for first TPC command after transmission gap; then “normal mode step size” unless 2 TPC commands of the same sign are received contiguously, in which case use “recovery period step size”; revert to “normal mode step size” in any case after 8 slots. 

3 Simulation Results

The “normal mode step-size” used in these simulations was the optimum for received Eb/No and SIR variance, as shown in [1] and summarised in Figure 1.
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Figure 1: Optimum Normal Mode step sizes, and corresponding Recovery Period step sizes

For the 20km/h simulations, a step size of 1dB was used in normal mode, as it is not desirable to implement 1.5dB steps. 

The relative Eb/No performance of the different recovery period algorithms is shown in Figure 2. The full data are given in Figure 3.

The corresponding SIR variance performance for the different algorithms is shown in Figure 4 and Figure 5.
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Figure 2: Received Eb/No performance in 8 slots after transmission gap for different recovery period algorithms
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Figure 3: Data for comparison of recovery period algorithms
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Figure 4: SIR variance performance in 8 slots after transmission gap for different recovery period algorithms
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Figure 5: Data for SIR variance comparison of recovery algorithms

Performance of recovery period algorithms at high target BER

As the performance improvement given by the recovery period algorithms is the greatest at 20km/h, further simulations were run to check the comparison of the performance of the different recovery period algorithms when the uncoded target BER is 0.1 instead of 0.01.  

The higher target BER has the effect of significantly reducing the required Eb/N0, as well as increasing the SIR estimation error. 

The results are shown in Figure 6. The Pedestrian A channel at 20km/h was used, and a TPC error rate of 7% in the recovery period. 
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Figure 6: Performance of recovery period algorithms for target uncoded BER of  0.1

It can be seen that all three algorithms still give a significant improvement over the standard method (no recovery period). The Eb/No performance of the three algorithms is virtually identical under these circumstances, and algorithm 3 just gives the best performance on SIR variance. 

The higher level of SIR estimation error (arising from the higher target BER) might lead one to expect that a fixed-length recovery period, as in Algorithm 2, would perform better than an adaptive recovery period. However, the results show that this is in fact not the case. 

The main reason for this is that the increased SIR estimation error reduces the correlation between the TPC commands and the channel. The high SIR estimation error results in the BS making errors at a rate of around 30-40% in determining what TPC commands to transmit – i.e. the TPC commands are almost random. 

Other simulations where the TPC commands are similarly close to random, notably normal mode simulations for speeds above 100km/h, show that when the TPC commands are random with respect to the channel, the best performance is obtained by the use of as small a step size as possible. 

Therefore, in the recovery period simulations under conditions of high SIR estimation error, the period for which a high recovery period step size is used should be kept as short as possible. The adaptive recovery periods, as in Algorithms 2 and 3, react automatically to the increased randomness of the TPC commands and revert quickly to the normal mode (smaller) step size. Algorithm 2 therefore has no advantage when the target uncoded BER is 0.1.

 Conclusions and Recommendations

Algorithm 2 is basically a shortened version of algorithm 3, while algorithms 1 and 2 differ only in the duration for which the recovery period step size is used. 

In the recovery period, all three algorithms give better performance than the standard method (no recovery algorithm) except at 3km/h. 

At 10km/h and 40km/h, Algorithm 2 gives the best performance for both Eb/No and SIR variance, although the margin over the other two algorithms is small. 

At 20km/h and a target uncoded BER of 0.01, algorithms 1 and 3 give equally good Eb/No performance, with only a small margin over algorithm 2. At 20km/h and a target uncoded BER of 0.1, all three algorithms give equally good Eb/No performance. Algorithm 3 has a slight advantage on SIR variance at 20km/h.

We therefore suggest that all three algorithms could be considered as supported options for the recovery period. These would be signalled by the BS as appropriate, algorithm 2 being the best at 10km/h and 40km/h, and algorithms 1, 2, or 3 being appropriate at 20km/h.

These conclusions are summarised in Figure 7.
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Figure 7: Summary of recommendations
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		Recovery period algorithm		Received Eb/No (dB) required in recovery period for BER = 0.1		SIR variance (dB^2) in recovery period at BER = 0.1
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		3		1.7		1.9		1.7		1.8
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