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1.
Introduction

During RAN1#52bis & RAN1#53, methods for enhancing the coverage of VoIP for the 2msec TTI, including the impact of the currently defined slot level behaviour when maximum UE power is reached, were discussed [1].
2.
Discussion and simulations
Currently, on reaching maximum TX power, if the UE receives a further TPC “up” command, then it responds by increasing the DPCCH power, along with all other channels except the E-DPDCH, whose power is decreased to compensate for the increase in the other channels. Thus the power offset between E-DPDCH and DPCCH decreases. However should the power offset decrease to a value of -5.5dB (8/15), then the E-DPDCH power offset is not further decreased and any further requirement (TPC “up” command) for an increase in the DPCCH transmit power is not met.

Figure 1 shows the impact of this behaviour. A TU6 multipath fading channel is considered along with a restriction on the maximum UE transmit power that is X dB above the mean channel gain. X is varied along the X axis, whilst the attained BLER is shown on the Y axis. The lower the value of X at which the UE can maintain BLER, the greater will be the maximum possible pathloss and the coverage of the 2msec TTI.

Outer and inner loop power control are enabled and the OLPC target is 1%, however when the transmit power is restricted the UE becomes unable to follow the ILPC commands and the BLER target cannot be met.
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Figure 1 Performance of maximum power behaviour strategies

The purple curve shows the behaviour of the Release 6 algorithm. When the max TX power is reached and the BLER increases rapidly. Since the BLER increases, the OLPC increases the SIR target. However when the channel recovers, then the SIR target continues to increase because the low beta factor does not provide enough link efficiency for the BLER to recover and the SIR target to decrease, and the UE cannot increase the E-DPDCH transmit power as it continues to increase DPCCH to meet the SIR target. Thus, as shown in the figure, there comes a breakpoint, where the max TX power is about 16dB above the mean, at which coverage is no longer maintained. 
The green curve in figure 1 shows what happens if the E-DPDCH power offset becomes stuck at the minimum; the BLER degrades if the max power margin above the mean is below some 25dB.

One strategy to deal with the problem is not to decrease the E-DPDCH power ratio in response to TPC up commands; in this case, the SIR target may be temporarily not met, however the link performance will return to normal when the channel recovers, since improving channel conditions will increase both DPCCH and E-DPDCH until E-DPDCH is sufficient to meet the BLER target. The result of such a strategy is shown in the blue curve of figure 1, which shows performance maintained for power margin down to 10dB above mean.

A problem with changing the current UE behaviour is that no improvement can be obtained for legacy terminals. Furthermore, terminal behaviour may be made more complex if the power offset were to be made configurable. Since the problem arises fundamentally from the behaviour of the outer loop power control, further investigation should be made into whether an RNC/Node B based solution, which allows for a more optimal OLPC behaviour is feasible; Such a solution would have the significant advantage of also bringing coverage gains to legacy terminals. The red curve in figure 1 shows the performance impact when the SIR target is not allowed to increase above it’s long term correct value. Clearly, restricting the SIR target in this was whilst keeping the Release 6 UE behaviour results in a coverage improvement that is just the same as that obtained through changing the Release 6 behaviour.
To restrict the power control rule, either the RNC needs to detect that the UE has become power limited and stop updating the SIR target, or the Node B needs to detect that the UE has become power limited, stop updating the SIR target and inform the RNC. The former could be achieved by IuB signalling that informs the RNC if the Node B detects power limitation in the UE via, for example the UPH report. The latter could be achieved by means of IuB signalling from the Node B to the RNC to inform the RNC that the Node B has stopped updating the SIR target due to UE power limitation (which the Node B could detect, e.g. via the UPH report). Additionally Tx power measurement report from the UE to the RNC or longer term negative SIR error measurement report from the Node B to the RNC could be used as an indication that the UE has reached its maximum Tx power and increasing the SIR target will not help the situation.
In reality, detection of UE power limitation would not be perfect and the network would not be able to hold the SIR target at the optimal level. Figure 2 indicates the impact of holding the SIR target at a higher level than necessary. The orange curve shows the performance when the SIR target is held at its optimal level and the following curves allow the SIR target to drift above the optimal level. A good range improvement can be obtained as long as the SIR target is within 10dB of its optimal value. This implies that a reasonably good performance can be achieved simply by setting maximum SIR target level in the RNC to be at the level above any reasonable SIR target.
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Figure 2 Impact of restricting the SIR target with a margin above its optimal value (TU6 multipath channel)
3.
Conclusion
A good range improvement can be obtained by using UTRAN internal solutions (either currently available in the standard or some additional mechanism should one be seen as necessary) to the reference behavioud [1]. It can be argued that UE Tx power measurement, SIR error measurement and sensible maximum SIR target limit in the Outer Loop Power Control should enable reasonably good performance, but this does not preclude investigating additional UTRAN internal solutions. The benefit of UTRAN internal solution over e.g. configurable B_ed_min has the major advantage of being applicable to all terminals, not just the new ones.
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