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Summary

This contribution gives a more detailed description of Adaptive Power Control (R1-99xxx). It proposes the restriction of its use to slotted mode and an associated increase in the power of the pilot symbols to facilitate correct decoding of the sign of the TPC symbol when high level of power change is requested. Recovery periods from poor link conditions immediately after the slotted mode can be significantly reduced with the implementation of this technique.

Introduction

Currently there is a single power control symbol per slot that commands the change in transmitted power by a small fixed step. The high frequency of the received commands allows maintenance of link quality despite a non negligible error rate of the power control commands. Immediately after the slotted mode the target and received SIR may differ by multiples of the power control step size. Especially when the received SIR is far below the target SIR in both links, BER of TPC command and SIR measurement accuracy are too bad and it is probable that the link quality stays in bad condition for ever. A multi level power control scheme with increased pilot power will be necessary in those conditions.

Multi level power control

Two methods have been proposed that allow implementation of multi level power control, more than one TPC symbols and power offset between the TPC symbol and the pilot symbols (ASPC). 

Given that in normal operation there is no strong requirement for multi-level power control the multi symbol method suffers from a serious drawback. Either a high level of redundancy has to be tolerated during normal operation for no benefit in the link performance, or a change in the slot format has to take place just after the slotted mode which incurs additional base-band complexity. 

ASPC requires no change in the slot format nor does it carry an implementation complexity penalty. In addition, the number of levels indicated is higher than that in the multi TPC symbol proposal where 4 levels were used as opposed to 7 in the current proposal for ASPC.

ASPC formulation

The step size is represented by the ratio of amplitude between the power control data symbol and pilot symbol. When a transmitter receives the power control data symbol, the transmitter will change its transmission power up or down according to the sign of the symbol. The associated step size is size derived from the ratio of the amplitude between the power control data symbol and pilot symbol according to the following formula.


Y[dB] = SIRM[dB] - SIRT[dB]
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Here, SIRM is measured SIR of received signal in dB, SIRT is the target SIR in dB, and RA is chip power ratio of TPC and PL which is not in dB. At the receiver, the step size of power control in dB equals RA which is not in dB. The same quantization formula is used in the transmitter and the receiver. For example, a 2.8dB difference in received and target SIR will result in TPC chip power being 3 times (not 3dB) higher than that of the pilot chip power. Any difference in received power between TPC and pilot chips larger than 2.5 times will be translated into a 3dB (not 3 times) power increase. RA=0 can be used for ASPC. It means that no power control should be done. When the transmission channel is in static state, RA should be 0 and no TPC power is transmitted. The limitation between +3 and –3dB limits overcontrol caused by noise.

When the signalled step size is large, 2 or 3dB, an increase in the power of the pilot symbols is considered necessary in order to ensure reliable channel estimation and avoid misintepretation of the sign of the TPC symbol which would have serious consequences. When the step size should be 3dB the power for the pilot symbols should be increased by 2dB in comparison to the power of the data section. The corresponding change should be 1dB when the signalled step size is 2dB.

The following figure gives shows an comparative example of what the power level for the different slot fields would be in the conventional and ASPC methods.
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Figure 1 Power levels for different fields for conventional PC and ASPC

ASPC implementation procedure

Immediately after the end of the slotted mode, ASPC is applied on the downlink. When the UE measures 3 or 2 times higher power on the TPC chips compared to the pilot chips it knows that pilot symbol power will have been increased by 2dB and 1dB respectively with regard to the data power. It then adjusts the SIR estimation accordingly. 
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Figure 1: Example of shortened recovery time after slotted mode with use of ASPC
When a change in the sign of the TPC symbol takes place accompanied by indication of step size equal or smaller than 1dB, the power control scheme changes back to the conventional power control scheme.

Reasoning

The main problems that will be combated by the introduction of ASPC is when both the uplink and the downlink are in poor condition at resumption of transmission on the downlink after a slotted mode. In that case, probability of power control error for both links is high and there is no obvious way out of such a situation. ASPC indicated on the downlink and applied on the uplink will quickly establish good reception of the uplink and that in turn will provide good reception of power control commands for the downlink which will in turn improve reception at the UE.

Conclusion
Adaptive Step Power control – ASPC – has been proposed for use with the slotted mode. Increase in pilot symbol power should accompany indication of large step sizes to allow correct detection of the TPC sign. ASPC is more flexible and less complex to implement in comparison to using multiple TPC symbols. Given that a multi-level power control scheme is necessary after slotted to facilitate fast convergence and in order to avoid deadlock situations, we propose the adoption of ASPC for the slotted mode. 






PL power is 2dB higher than that of data; �TPC power is 3 times higher than PL power
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