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1 Introduction

Fast power control for the down link is a feature in UTRA FDD that enables the UE to send the power control commands at a rate of 1600 (or 1500) commands per second in order to track fast changes in the communication channel. This high rate is mainly needed to track rapid changes due to multipath fading. 

When the UE is in soft handover, it combines the received signal from the different cells that it is communicating with and issues a single power command that all the cells have to follow. The UTRAN access points (BTS) corresponding to cells in the UE’s active set demodulate the power command and adjust the cells powers independently. The UE sends the power control command on the uplink. The uplinks between the UE and the different cells are independent. This results in different instantaneous power control error rates on the different uplinks. Thus, even though the UE sends a single power control command, the cells in the active set can adjust their powers in opposite directions. 

The deviation in the cells transmitted powers result in a loss of the diversity gain that we have from soft handover. Also, due to the errors in the power control commands, one of the cells can transmit at a high power level which increases the interference or at low power level and  this specific link may not be used when the other links get weak.

Hence, when in soft handover, it is desirable to keep the access transmitted powers at comparable levels. This can be achieved by reducing the errors on the power control commands sent by the UE. Giving these commands extra power might not be a feasible solution due to the power amplifier non-linearity problems at the UE. 

In this contribution we discuss a modification of the power control rate that combined together with power balancing techniques handled within the UTRAN reduces further the deviation of the cells transmitted power at minimal impact on the standard. In section 3 we present some performance estimate of the proposed modification in terms of statistics of the difference in the transmitted power from the different cells. 

2 Modification of the downlink power control in soft handover

The reduction of the difference in transmitted powers from the different cells in the active set can be achieved by applying power balancing techniques: [1],[2],[3]. This is performed by having a central controller located at the RNC that commands the cells to send at a certain power level and hence synchronizes their transmitted powers. There is however a delay in this process since it requires the Node B to signal the transmitted powers levels of the cells in the active set and the uplink quality to the RNC over the Iub interface, the RNC having to make a decision and signal it back to the Node Bs. This forces the cells to transmit at comparable power levels but it is a slow process.

When in soft handover, the cells keep adjusting their power levels every slot. Assuming the frame to have 16 slots, this results in the cells adjusting their powers 16 times/frame. If the step size is 1dB and two cells adjust their powers in an opposite direction 4 times, this results in an 8 dB difference in their transmitted powers. This obviously will waste the diversity gain that we achieve by having the UE in soft handover. When the UE is in soft handover, it is receiving the signal from more than one cell and probably via more than one fading path from each cell. Thus, the high rate of 1600 commands may not be needed when in soft handover. Reducing the power control rate during soft handover results in the cells adjusting their transmitted powers less often which reduces the deviation in their transmitted powers.

Another advantage of reducing the power adjustment rate is giving more error protection to the power control commands sent by the UE. Currently, the UE sends one power control command every slot (0.625 msec). What we propose is that the UE sends one power control command every n slots. This means that the cells in soft handover with the UE adjusts their transmitted powers only every n slots. The simplest way will be to repeat the same command over the n slots. However, this is obviously not the optimum way if the command is a multi step command in terms of error protection. Simple coding can be employed in such a case depending on the power control adjustment rate. This also provides some interleaving which will lower the power control command error rate. The proposed scheme is shown in Figure 1.

3 Performance of proposed scheme

3.1 Simulation assumptions 

In this section we show the performance of the proposed scheme in terms of reducing the difference in the cells transmitted power levels. The simulation assumptions are:

· The UE is in soft handover with two cells. The paths loss difference (not including the multipath fading) between the two  cells and the UE is 2dB.

· The multipath fading channel is a two Raleigh paths fading channel.

· The signal is received using a four fingers RAKE receiver.

· Power control is employed on both uplink and downlink links. This includes both the inner loop and the outer loop algorithms.

· The step size for the inner loop power control is 0.5 dB.

· The error rate on the power control commands is not fixed but rather function of the link quality.

· The FER on both the downlink and the uplink is 1%.

· The SIR for the power control command is assumed to improve by 6dB when it is transmitted over four slots compared to the case where it is transmitted over one slot only.

3.2 Simulation results

Assuming cell 1 transmitted power to be x and cell 2 transmitted power to be y, we define z to be |x-y|. 

The performance is evaluated in terms of the statistics of the difference in the two cells transmitted powers (z).

We consider four different cases:

1- The UE issues a power command every slot. cells transmitted powers are not synchronized. 

2- The UE issues a power control command every slot. cells transmitted powers are synchronized every 10 frames based on the quality of the uplink.

3- The UE issues a single power control command every 4 slots. cells transmitted powers are synchronized every 10 frames based on the quality of the uplink.

4- The UE issues a power control command every slot. cells transmitted powers are synchronized every 2 frames based on the quality of the uplink.

Figure 2 shows the complementary cumulative distribution function of z for the four mentioned above cases. 

Looking at the figure, we can see clearly that something has to be done to reduce the difference in the two cells transmitted powers or we loose the gain we get from soft handover. Comparing case 1 9no synchronization) to the other cases shows that synchronizing the cells every few frames  helps in reducing the difference in the transmitted powers. However, this is as said before a slow process which requires signaling and can require many frames. In both case 2 and case 3, the cells transmitted powers are synchronized every  10 frames. However, the power command is repeated over four slots in case 3 compared to single command/slot in case 2. We see that 90% of the time the difference in the two cells transmitted powers is greater than 6.2 dB for case 2 while it is only greater than  2.4 dB for case 3. We also notice that the difference in the cells transmitted powers is less in the case of synchronization ever 10 frames and one command every four slots compared to synchronization every 2 frames and one power control command every slot. These results assume a small power control step size (0.5dB) and the deviation in the cells transmitted powers will be larger for a larger step size.

4 Conclusion

Currently, the UE uses the same method to issue the power control commands when it is communicating with a single cell and when it is communicating with more than one cell (soft handover).  However, both cases are completely different and should be dealt with differently.  When the UE sends a single power control command to the different cells, this command can be received in error by one of the cells. This results in that cell transmitting at a different power level than the other cell. This results in a loss of diversity gain that we get form soft handover and can also increases the interference in the system which reduces the capacity. 

In this proposal, we propose to send the power control command over several slots instead of sending it every slot. This gives more error protection to the power control commands. Another advantage of the proposal is reducing the rate at which the cells adjust their powers which reduces the deviation in their transmitted powers.  The proposal also reduces the signaling load on the Iub interface since synchronization needs to be done less frequently. 

Although, a high power command might be needed when the UE is communicating with a single cell, it might not be the case when the UE is in soft handover. During soft handover, the UE receives the signal form different cells and probably via different multipath fading paths and hence the fading channel is not expected to be changing rapidly. This suggests that a high power control rate may not be needed for such a case especially if it results in a loss of the diversity gain that we get from soft handover.

We recommend to allow a reduction of the power control rate in soft handover. The range of  power control rates to be introduced is still for further study. We are seeking feed-back from WG1 and are ready to provide a text proposal to 25.214 and 25.211 if the concept is acceptable to the group. 
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Figure 2: Complementary cumulative distribution function.
Figure 1: Proposed Scheme: A: when the UE is not in soft handover, B: when the UE is in soft handover





            B: When the UE is in soft handover
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                     A: When the UE is not in soft handover
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