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1. Abstract

In this contribution we study the effect of the power control step size on the received power statistics. Three different algorithms  are compared: fixed step size (0.5dB, 1.0 dB and 2.0 dB), two step sizes (0.25dB & 1.5 dB) and infinite number of step sizes with an upper limit of 3dB. Simulation shows that a two step sizes algorithm is close in performance to an infinite number of step sizes one. Simulation also shows that a small step size algorithm is better when the Doppler frequency is low or high.
2. Introduction

In 3GPP RAN WG1 discussion took place on the power control step sizes and the applicability of the concept of using adaptive step sizes or more generally dynamic selection of step size vs. fixed step size. 

For the former item, step sizes for the closed loop power control were discussed assuming that the step would remain unchanged for a UE in a cell, a case referred to later in this contribution as fixed step size case. The problem to solve was two-fold : 

· The first question was what should be the minimum power control step, taking into account the possibility to have different minimum power control step size, which could be equipment dependent  (UE or BTS), with 1dB mandatory and 0.5 dB optional.  Decision on this minimum step size was to take performance of different step sizes into account and hardware limitations, including power step accuracy. 

· The second question was then what should be the power control steps assuming that the power control step had to be a multiple of the minimum step size.

For the second item, the proposal from Panasonic contained in [1] consisted of applying power control steps with possibly infinite small differences between the power control steps, the power step though limited to a maximum value, e.g. 3dB. We refer to that case later as the infinite step sizes case. Comments were made on that proposal, robustness being  indeed questioned since the power step is indicated as a power difference between the pilot bits and TPC bits. Still the ad-hoc 9 agreed that the dynamic selection of the step size from a set of step sizes may be beneficial. Inputs were therefore requested for 3GPP RAN WG1#4. 

This contribution compares performance of infinite step sizes, dynamic selection of step size among multiple step size and fixed step size. 

· First a very ideal case is simulated for which the TPC commands are assumed to be received without error. The objective with such idealistic case is to check the gain of infinite step case vs. multiple steps and to narrow down the number of step size to be later on taken into account. 

· Then errors are modeled. 

3. Simulation assumption and evaluation criterion

3.1 Evaluation criterion

Performance of these different power control algorithms is evaluated in terms of the statistics of the received power. Thus, this work is applicable to both the downlink and the uplink. It is known, that the smaller this standard deviation is, the higher the system capacity. We use this standard deviation to indicate the performance of the power control algorithm without the need to go into the details of the simulator. If the power control algorithm is working properly, the received power will be close to the target value and the standard deviation of the error in the received power will be small.

3.2 Simulation assumptions

Two different channels are simulated: a single Rayleigh fading channel and a two Rayleigh equal strength paths fading channel. Different velocities were taken into account so that the doppler frequency ranges from 2 to 100 Hz.

Power control commands are sent at a rate of 1600 commands/sec to compensate for the multipath fading and the error in the received power is monitored and fitted with a lognormal variable with a given standard deviation. 

Different values of power control delay were assumed : 1 slot and 2 slots

In terms of step size :

· For the infinite step size the maximum step size was equal to 3 dB as in the Panasonic simulations. 

· For the one step case, different steps were consider 0.5 dB, 1dB and 2 dB. 

· For the two step case, only the case of 0.25 dB and 1.5 dB are shown are since again they correspond to the best case. We can provide results for an another case such as 0.5 dB and 1.5 dB.

3.3 Simulation results

The simulations are shown in Figures 1 to 8.

Figures 1-4 correspond to the ideal case where there is no error on the power control commands, either on the direction of the power change up/down or the value of the step size. These figures deal with the 1 and 2 aths Rayleigh channels for 1 and 2 slots power control delay. The results are the following :

· For one step case, a single step size is not optimum for the different frequencies and propagation channels. Small step sizes are better for high Doppler, For medium to low Doppler rate medium step size (1dB ) is fine for two path, whereas for the one path case, 1 dB is OK for medium Doppler but 0.5 is better for very low Doppler frequencies. 

· The infinite step size case bring significant performance over the one step case when considering small to medium Doppler frequencies. 

· The infinite number of step sizes algorithm is worse than the best one step case at high Doppler frequencies and also worse than the two steps algorithm. This is because the step size can be 3dB in this algorithm and since the channel is changing at a rate that can not be tracked, then the large step size (3dB) only creates more deviation from the target power level.

· On these 4 figures, the two step size algorithm performance is close to the infinite step size one. This is assuming that the two step sizes are 0.25dB and 1.5dB. Using a small step size (0.25) and a large step size (1.5) enables us to track small changes in the communication channel and also relatively large changes. These results are for the error free case. 

It can be expected that such gain of the infinite step size vs. two step size, will be lost by an higher error rate on the power control command (both power control step and direction up/dl) , since more information is to be provided on the downlink to the UE, whatever scheme is used to transmit the power control command. 

Fig-5-8 correspond to the case, where errors on the TPC command are modeled.   Fig-5 to Fig-6 consider an error rate of 5%,  for both cases (1 step or 2 step power control) and Fig-7 and Fig-8 consider higher rate of 15%. Such higher rate might occur during SHO if  no combination of TPC was done. Although it might   not be encountered, we took it into account. The same error rate is hence considered for both cases. The error rate for the two step case might though need to be increased depending on the signaling scheme used for the power step and  direction indication. The results from the simulation can be noted as follows : 

· For low error rate (5% of the power control errors) the multiple step size case brings advantage over the one step case (even the 0.5dB) for Doppler frequencies below 40 Hz/50Hz for the one path/two paths, whereas for higher Doppler rate the fixed step case with 0.5 dB is best.

· For higher error rate similar, comparison between the two case can be done.

4. Conclusions

The two step size algorithm performance is close to the infinite step size one, in the error free case. This is assuming that the two step sizes are 0.25dB and 1.5dB. Using a small step size (0.25) and a large step size (1.5) enables us to track small changes in the communication channel and also relatively large changes. Since in  amore realistic case where errors are modeled we believe that the two step might be better than the infinite step size. Also having multiple step sizes can fit in a better way the WG4 way of defining the power control step. That is why we would prefer the multiple step size power control to the ASPC proposal from Panasonic.

In the multiple step case, we are not asking though to systematically support multiple steps such as 0.25 dB and 1.5 dB for all UEs. Indeed for some UEs step size as low as 0.25 dB are not possible. However for UE supporting a small step such as 0.5 dB, we might want to use multiple steps, dynamically selected in the set 0.5 dB and 1.5dB. Still in case of very high power control error rate the fixed step size might be better. 

We understand that further work is needed, in order to test this in a more realistic environment considering among other things  actual signaling of the TPC information. Also link level simulations should be provided.
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