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1. Abstract

In this contribution we investigate how much the communication channel can change over a certain number of slots. This information is needed to understand the effect of the gap in the transmission (due to slotted mode) on the power control algorithm. Another issue we investigate is the effect of the position of the gap within the frame on the power control performance.

2. Introduction

Slotted mode has been proposed to enable the UE to handoff to other base stations operating at a different frequency without the need for a dual receiver. The gap in transmission associated with slotted mode operation interrupts the operation  of the power control algorithm. The effect on the power control operation depends on the duration of the gap and on the type of the communication channel. We will investigate two types of channels: a single path Rayleigh fading channel and a two equal strength Rayleigh fading paths channel.

Let the fading at time t1 be x1  dB and at time (t1 +8 slots ) be x2  dB and y= x1 – x2 .

 Figures 1 and 2 show the distribution of y for the two types of channels mentioned above and for different Doppler frequencies. Looking at these figures, we see that the probability that the channel will degrade is 50% for all conditions which is expected. Another thing to notice is that the channel can degrade by as much as 10 dB especially in the case of high Doppler frequencies. 

3. Position of the gap in the slotted mode

The observation of the possibility of a large degradation in the channel condition during the gap makes us wonder where the gap should be: at the beginning of the frame, at the middle of the frame or at the end of the frame. From the interleaver performance point of view, the gap should be created at the middle of the frame to achieve interleaving over a 10 msec period. However, from a power control performance point of view, it seems that the gap should be created at the end of the frame for the following reason. When the gap is at the end of the frame, it will affect the next frame which has 16 slots (16 power commands)  to compensate for the gap. Assuming the gap length to be 8 slots and it is at the middle of the frame, then there are only 4 slots (4 power commands) left at the frame to compensate for the effect of the gap before starting a new frame. Taking the delay in the power control into account, there will be even less than 4 slots to compensate for the gap effect.

4. Performance evaluation

In the following, we investigate the effect of the position of the gap in the power control performance. To do this, we simulate a multi-path fading channel and employ power control to compensate for the fading. 

The following assumptions were taken :

· The power control step size is assumed to be 1.0 dB. 

· The delay in the power control algorithm is taken to be 2 slots. 

· The target Eb/No is 5 dB. 

· The power commands are assumed to be error free and sent at a rate of 1600 commands/sec.  

· The gap is 8 slots (5 msec). 

We show the achieved average Eb/No over the slotted frame when the gap is at the beginning or at the middle of the frame and over the frame following the slotted frame when the gap is at the end of the frame. This is because when the gap is at the end of the slotted frame, the following frame is the frame that will be affected. 

Another thing we investigate is the effect of increasing the power when the UE leaves the slotted mode and returns to normal mode operation in an attempt to start compensating for the gap as early as possible. Figures 3 through 8 show the  statistics of the average Eb/No over one frame where:

Normal Mode: no gap in transmission, Eb/No is averaged over a normal frame

S at begin : the gap is at the beginning of the frame, Eb/No is averaged over the slotted frame

S at begin Ofs2dB : the gap is at the beginning of the frame, Eb/No is averaged over the slotted frame;

once the UE  leaves the slotted mode and returns to normal mode, the transmitted power is increased by 2dB.

S at middle: the gap is at the middle of the frame, Eb/No is averaged over the slotted frame

S at end : the gap is at the end of the frame, Eb/No is averaged over the frame following the slotted frame.

5. Conclusion

In this contribution we showed the effect of the slotted mode on the performance of the power control algorithm. 

We looked at the change in the communication channel when there is an 8 slots gap in transmission. It is clear that the communication channel can degrade significantly over a period of 8 slots especially for high Doppler frequencies. 

We also looked at the effect of the position of the gap within the frame on the power control algorithm. As expected, from a power control performance point of view, it is better to have the gap at the end of the frame. 

However, from an interleaving point of view, it is clear that the gap should be at the middle of the frame. The final conclusion on the better position of the gap should take into account both effects. The effect of increasing the power when retransmission is started after being in slotted mode. Although this approach helps in achieving the target SIR, it results in increasing the interference when the channel condition improves and hence the power should be decreased and not increased.
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Fig.1: Complementary CDF of the change in the communication channel over 8 slots, the channel is a single path Rayleigh fading channel.
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Fig.2: Complementary CDF of the change in the communication channel over 8 slots, the channel is a two equal strength Rayleigh paths fading channel.
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Fig.3: CDF of the average  Eb/No over a frame, Doppler 10 Hz, single path Rayleigh fading channel.
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Fig.4: CDF of the average  Eb/No over a frame, Doppler 40 Hz, single path Rayleigh fading channel.
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Fig.5: CDF of the average  Eb/No over a frame, Doppler 100 Hz, single path Rayleigh fading channel.
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Fig.6: CDF of the average  Eb/No over a frame, Doppler 10 Hz, two equal strength Rayleigh paths fading channel.
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Fig.7: CDF of the average  Eb/No over a frame, Doppler 40 Hz, two equal strength Rayleigh paths fading channel.
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Fig.8: CDF of the average  Eb/No over a frame, Doppler 100 Hz, two equal strength Rayleigh paths fading channel.






































































