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Feedback Channel Requirements for Selective Frequency Hopping

1 Introduction

In ref [1] section 15 (Power Control in Frequency Hopping) it is proposed to reduce co-channel interference and power consumption by suppressing transmission on severely faded frequencies. Simulations indicated that a benefit in the order of 1dB was feasible for hopping over 4 frequencies (see Figure 1).

A number of concerns are noted, and in particular the following statement is made:-

“In practice even when a mobile is physically stationary it is not the case that the radio environment is unchanging, therefore high back channel signalling capacity would be needed”.

This paper addresses this point and quantifies the requirements of back channel signalling capacity. This paper quantifies the impact of this requirement which is shown not to be excessive provided mobile speeds are limited to typical pedestrian speeds.

2 Tracking Short Time Channel Variation

In order for the technique to deliver benefits it would be necessary to:

(1) track the fading of all frequencies in the hopping sequence

(2) signal the favourable and unfavourable frequenices in a timely manner. 

Studies in the open literature report that the radio channel is constantly time varying, even between end points that are physically stationary. In refs [2], [3], it is reported that in a typical office environment, for even for a physically stationary transmitter, the channel varies with time due to movement of personnel and machines. Therefore the assumption of an unchanging channel cannot be sustained in practice. In practice this technique must be shown to produce some benefit in the presence of typical pedestrian motion. For this, the standard GSM channel  models is TU3 (or TU1.5 for DCS) for which provide a channel coherence times of approximately 70ms (ref [4]).

To address item (1) and in order that measurements can be used for prediction, it is required that each frequency is visited several times within the channel coherence time in order that amplitude can be measured for purposes of prediction. For example, if there are 4 bursts at each used frequency within this time, this gives the opportunity to measure once and predict 3 times, before a new measurement needs to be made. In the timescale of 70ms seconds, there are ~16 bursts; and provided 4 hopping frequencies are used each frequency is sampled at least 4 times during the channel coherence time (so each frequency is vistited once every ~20 ms).

To address item (2), it is necessary to send information about all independent frequencies in use at a faster rate then the channel coherence time; ideally at the sampling rate. Therefore information about frequencies used should be sent once every ~20ms. Assuming hopping over 4 independent frequencies (in fact 4 frequencies is sufficient to maximmize achieveable frequency diversity for each GPRS radio block) this implies 50 messages/sec each containing 4 ‘per channel reports’. As was shown in Ref  [1], it is sufficient to mark each channel as ‘good’ or ‘bad’ therefore the per channel report can consist of one bit. Therefore the needed data rate (assuming 20% protocol overhead) is in the order of 240 data bits per second with a latency requirement of 20ms. 

Provided a signalling channel with the above capabilities is available, and that there are no more than 4 freqencies on the hopping list, then fading at each used frequency can be indicated and the technique in ref [1] would be expected to produce a significant gain when the mobile is moving at walking speed or less.
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Figure 1 Rate 1/2 coding performance, interleaving over 4 independently fading frequencies

3 Conclusion

The technique described in Ref. [1] is expected to deliver benefits for frequency hopping over 4 frequencies for typical pedestrian speeds.

There is a requirement for a signalling channel with a data rate of 240 bits per second and latency of 20ms; feasbility of satifying this requirement is for further study.
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