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1 Introduction

In [1] we described a mechanism to enable UEs to emulate power control step sizes smaller than 1dB. This provides a way for UEs which do not support step sizes smaller than 1dB to respond in an effective manner when they are requested by the BS to use such a small step size. 

The detailed simulation results presented in [2] confirms that there are indeed circumstances when it is advantageous to use a step size smaller than 1dB. For example, at 3km/h in the Pedestrian A channel, the optimum step size for received Eb/N0 is shown to be 0.5dB, and at speeds 100km/h and above the optimal step size for received Eb/N0 is 0.25dB or less. 

In this paper we present fuller simulation results for emulation of small step sizes, using the more realistic simulation conditions described in Section 2. 

We show results for a number of different emulation methods, operated either at the UE or at the BS, and show that a simple method operated at the UE can give the best performance.

2 Simulation conditions

2GHz carrier frequency

Pedestrian A channel

1 slot power control loop delay 

AWGN TPC error 4%

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

No control channel overhead in Eb/No

Perfect Rake receiver

Ideal channel estimation 

Physical channel rate 32kbps

No channel coding

AWGN interference

Description of algorithms
Results are shown in section 4 for each of the following methods, for emulating 0.5dB steps at 3km/h, and for emulating 0.25dB and 0.5dB steps at 300km/h, assuming that the minimum step size implemented by the UE, Dmin, is 1dB.

2.1 Method 1

UE is requested by BS to use step size smaller than 1dB.

UE does not change Tx power until it has received N TPC commands, where N = Dmin/Dnet, where Dmin = minimum step size implemented by UE and Dnet = step size requested by BS. 

If all N TPC commands indicate a power change in the same direction, UE then implements a power control step of size Dmin.

UE does not change Tx power again until it has received a further N TPC commands.

2.2 Method 2

UE is requested by BS to use step size smaller than 1dB.

UE keeps a running sum of the received TPC commands, adding 1 when a TPC command is received indicating an upward change, and subtracting 1 when a TPC command is received indicating a downward change. 

When running sum equals or exceeds a threshold given by Dmin/Dnet, UE implements a power control step of size Dmin and subtracts Dmin/Dnet from the running sum.

2.3 Method 3

UE is requested by BS to use step size smaller than 1dB.

UE keeps a running sum of the received TPC commands, weighted by the certainty of the received TPC commands: UE adds (1 x Received Amplitude) when a TPC command is received indicating an upward change, and subtracts (1 x Received Amplitude) when a TPC command is received indicating a downward change. 

When running sum equals or exceeds a threshold given by Dmin/Dnet, UE implements a power control step of size Dmin and subtracts Dmin/Dnet from the running sum.

2.4 Method 4

BS requests UE to use 1dB step size and use tri-state receiver decoding for TPC. 

BS sends tri-state TPC commands to UE, with zero TPC power being interpreted by the UE as “no change”. 

BS transmits zero-power TPC commands for N-1 slots, where N = 1/Ddes where Ddes is the desired step size to be emulated. 

In the Nth slot, BS may choose whether or not to transmit a non-zero-power TPC command depending on the UL SIR estimation.

UE implements a 1dB power control step in response to a +1 or –1 TPC command. 

2.5 Method 5

As method 4, except that the BS transmits the TPC command in the Nth slot with N times the usual power level, to compensate for the zero TPC power level tramsmitted in the previous N-1 slots, resulting in the same average power as if non-zero-power TPC commands were transmitted every slot. 

3 Results

3km/h, 0.5dB step requested by BS
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300km/h, 0.25dB step requested by BS
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300km/h, 0.5dB step requested by BS
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4 Conclusions and recommendations

It has already been noted that there are some scenarios in which there is some performance advantage in the use of power control steps smaller than 1dB. At high UE speeds, it might even appear to be beneficial to reduce the power control step size to zero, but in order to track shadowing it is advisable to maintain a small step size such as 0.25dB.

The results presented in this paper show that methods of emulating steps smaller than 1dB can give performance similar to, and in some cases better than, the actual use of such step sizes. 

The results show that the most effective emulation mechanisms are the hard-decision methods implemented by the UE (methods 1 and 2) when the BS requests a small step size and continues to transmit TPC commands as normal on the assumption that the UE will respond appropriately. 

Under certain conditions, there are slight improvements over the actual implementation of small step sizes, owing to the ability of emulation to reduce the effect of TPC errors. Thus the algorithms proposed are robust to TPC errors, and indeed performance of emulation at the UE relative to actual implementation improves as the TPC error rate increases.

The poor results shown by emulation at the BS (method 4) are partly due to the high TPC error rate induced by the requirement for the UE to distinguish between three states of TPC command. The results for BS emulation of 0.25dB steps are worse than for BS emulation of 0.5dB steps as a result of the higher probability of the TPC commands being zero for 0.25dB step emulation. 

The results for method 5 show that the performance of emulation at the BS does not reach that of emulation at the UE even if the transmit power of the non-zero TPC commands is quadrupled. 

We therefore recommend that:

1. In normal mode, the network should be allowed to request that the UE uses a specific power control step size from the set {0.25, 0.5, 1.0, 2.0}dB. (Note that the UE should also support a 3.0dB step size, for use for example in recovery periods in slotted mode.)

2. A mandatory minimum step size of 1dB is adopted in the UE.

3. Implementation by the UE of 0.5dB and 0.25dB step sizes is also mandatory, either directly or by emulation using either method 1 or method 2.
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