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1. Abstract 

A number of different methods have been proposed for the power control procedure in normal mode. These include emulated step sizes, and multilevel power control. The latter can be achieved with either the use of amplitude modulation of the TPC symbol (ASPC) or with the use of more bits for the TPC  command. This paper proposes a very simplified version of ASPC that introduces the 0dB value for the TPC command which is signalled with the suppression of any transmitted energy for the TPC symbol. This method has been evaluated through simulation and it is shown to be beneficial.

2. Overview of the simplified ASPC

The power control command has three values, +1dB, -1dB and 0dB. The first two commands are identical to what is in currently in the specification and for the 0dB command there is no energy transmitted for the TPC symbol. 

The transmitting side uses the difference between the received SIR and target SIR (D=SIR_received – SIR_target) to decide on which command to transmit. If D is larger than the threshold then a +1dB command is sent, if it is smaller than –threshold a –1dB command is sent, and the 0dB command is used for values of D between threshold and –threshold. The performance has been evaluated for two thresholds for D, 1dB and 0.5dB.

The receiving side uses a variable threshold to determine whether the 0dB command has been received. This threshold is given by equation (1) which basically means that the threshold is increased as the frequency of 0dB commands increases and decreases as they become more scarce. Evaluation of the threshold takes place in every slot.

New_thres=Old_thres*10.3/(10+x), x=pwr(TPC)/pwr(per pilot symbol)
(1)

X from (1) is compared with the threshold in each slot. If x is larger than the threshold then coherent demodulation of the TPC symbol yields a +1dB or –1dB command. If x is smaller than the threshold a 0dB power control command is executed. The maximum value for the threshold is 100 and the minimum is 0.01. At power on the value of 0.01 is used which means that all commands are interpreted as +-1 but not as 0. If the transmitting side sends many 0dB commands the threshold could quickly reach its maximum value of 100 which would lead to almost all commands being interpreted as 0 and not as + or –1. It only takes a small number of slots to change the threshold by a significant value which allows substantial flexibility. 

The receiving side interprets the received command without any consideration for the method used for setting the command at the transmitting side.

3. Performance

The following assumptions have been used for the simulations:

Spreading factor: 128

Channel:Pedestrian A

Channel coding: Convolutional code (K=9,R=1/3)

TPC delay:1slot

Notation for the following graphs 

PA0dB : TPC transmitter always transmits 0 TPC. This effectively means stopping power control at L1 level. Before this takes place,  slow power control brings the average power to an appopriate level.

P(1dB) : TPC transmitter has a threshold of 1dB to decide whether TPC should be 0 or +-1dB

P(0.5dB) : TPC transmitter has a threshold of 0.5dB to decide whether TPC should be 0 or +-1dB

The gain is in Eb/No reduction with regard to the use of conventional – two valued – power control.
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Figure 1 Gain of downlink
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Figure 2 Gain of uplink

It is clear that the use of a 0.5dB threshold at the transmitting side for the setting of a three valued TPC command offers gains compared to conventional power control across most of the range of mobile speeds. 

Higher gains will be possible if the decision for the TPC can utilize estimates of doppler frequency. This is now feasible for base stations and such algorithms may be effectively deployed in mobile stations also in the future. Provision of this information would allow the switch to a threshold of 1dB for the downlink commands when fD > 100Hz and use of continuous 0dB commands in the uplink TPC for the same speeds.

In any case, receivers should use equation (1) for determining the TPC command and interpreting 3 values for it. As explained earlier, in the absence of 0dB commands equation (1) will impose an extremely low threshold and lead to very reliable interpretation of the two valued commands.

4. Conclusion

A simplified ASPC alrogithm is proposed for use in normal (non-compressed mode). The TPC symbol can take the values of +1dB, 0dB or –1dB. Interpretation of these three levels should be mandatory for all receivers. A simple and effective method for selecting PC commands at the transmitting side based on a single threshold have been proposed. Parametrization with fD will further improve performance. It has been shown that this method offers gains and there is no complexity penalty.

.
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