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Improvement of outer-loop power control 

in compressed mode

Introduction

The downlink compressed mode has been introduced in UMTS in order to make possible for a user equipment (UE) to perform measurements on a frequency different from its downlink transmission frequency. It consists basically in stopping the downlink transmission during a certain amount of time.  Simultaneous uplink and downlink compressed modes can also be used when the measurement frequency is closed to the uplink transmission frequency.

Because the instantaneous bit rate will have to be increased during compressed frames (by increasing the coding rate or decreasing the spreading factor), the target SIR also needs to be approximately increased by the same proportion.

Additionally, since the closed-loop power control is no longer active during transmission gaps for downlink and uplink, the performance are significantly degraded, mainly during compressed frames and recovery frames (frames just following compressed frames). The degradation can reach several decibels as shown in [1], [2] and [3]. In order to keep the same quality of service as in normal mode, this effect would also need to be compensated by increasing the target SIR during these frames.

However, the outer-loop power control algorithm is a slow process and several frames will be probably required before changing the target SIR accordingly. Therefore, it is likely that this process is too slow to be able to increase the target SIR in compressed and recovery frames as required. Moreover, the target SIR even risks to be increased just after compressed and recovery frames where it would not be needed.

Thus, there is a need for a faster algorithm than the classical outer-loop power control algorithm in compressed mode to avoid degrading the performances.

Proposal

Since the uplink outer-loop power control is performed in the UTRAN, it has not to be standardized. Thus, we will mainly focus on the downlink outer-loop power control algorithm performed in the UE.

A simple solution that could solve the slow reaction of the current power control algorithm is to anticipate the target SIR increase required during compressed and recovery frames. Indeed, depending on parameters like the transmission gap length, the environment or the speed, we can estimate the target SIR variation required during the compressed and recovery frame. Once this target SIR variation has been estimated by the UTRAN, it would have to be signaled to the UE to be used for the downlink closed-loop power control. 

In order to keep the signaling as low as possible, we propose to separate the target SIR increase due to the increased instantaneous bit rate and the target SIR increase due to degraded performances in compressed frames:

SIR  = 10log(RCF/R) + SIR

where R is the instantaneous net bit rate before and after the compressed frame and RCF is the instantaneous net bit rate during the compressed frame. Since the bit rate variation will be known by the UE, we propose to only signal the additional target SIR increase SIR due to degraded performances during compressed frames. The signaling overhead can be low if this variation is signaled with other compressed mode parameters. For example, 2 bits could enable to signal the following values of SIR:

- 00:  0 dB

- 01:  0.5 dB

- 10:  1 dB

- 11:  2 dB

Alternatively, we could also signal directly SIR but a larger number of bits would be required.

The UE will have to increase the target SIR by SIR just before the compressed frames and decrease it back by the same value just after the compressed frames. This target SIR variation is done additionally to the usual downlink outer-loop power control algorithm that will have to take it into account. We also propose that the UE increases simultaneously its transmit power by the same amount before the compressed frame and decrease it just after the compressed frames in order for the downlink received SIR to be as quickly as possible close to this new target SIR.

Moreover, at least when the transmission gap is at the end of the compressed frame, the performances in the recovery frames can also be degraded because of the power control interruption during the transmission gap. Therefore, it would be also desirable to increase the target SIR in recovery frames and to signal this target SIR increase to the UE. Alternatively, the same value as for compressed frames could be used (SIR) in order to decrease the required signaling but this would not be optimum and would let less flexibility.

Conclusion

We showed a need for a faster algorithm than the classical outer-loop power control algorithm in compressed mode to avoid a severe degradation of the performances. The proposed solution is simple and should enable to solve this problem. We recommend including it in the specifications. If this is accepted, a liaison statement should be sent to WG2, to specify signaling for compressed mode and outer-loop power control.
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