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Discussion Paper: Enhancements to Power Control in Frequency Hopping

1 Introduction

It is well known that the extent of signal fading at a given frequency is a function of the spatial position of the mobile terminal. At any position in space, specific transmission frequencies are likely to be adversely affected by fading due to “destructive” interference between radio paths; yet other frequencies may be enhanced by fading. In addition certain frequencies may be adversely affected by interfering transmissions. To overcome this the well known technique of ‘frequency hopping’ combined with ‘time interleaving’ is used in GSM. 
For a fast moving mobile, the set of ‘good’ frequencies and the set of ‘bad’ frequencies due to fading changes rapidly, and essentially randomly, with time, and a good strategy is to use as many hopping frequencies as is practical, and transmit on all the frequencies equally.

When a mobile terminal is  stationary, or nearly so, the set of ‘good’ and ‘bad’ frequencies due to fading effects is likely to change only slowly or not at all with time (although interference effects are typically time varying). This may lead to two undesirable effects. First, if the terminal is stationary at a position in space where more than average frequencies are ‘bad’, the received signal quality may be degraded. Second, the energy spent transmitting data on ‘bad’ frequencies is wasted while continuing to generate interference elsewhere, for example in adjoining GSM cells.

Therefore a method of enhancing power control in frequeny hopping is now decribed to avoid transmission on frequencies affected by persistent fading (or interference). At the same time, the frequency hopping sequence itself cannot be changed since the frequency hopping sequences of different mobiles must remain orthogonal.

1.1 Benefits of the Concept

The concept is beneficial in several areas:

(1) Improved link quality for same transmitted power (hence improved user experience).

(2) Reduced inter-system interference for same link quality (hence improved spectral efficiency).

(3) Reduced power consumption in transmitter.

Also, the required change is limited to control software in the BSS and mobile station with no new required hardware capabilities.

1.2 Statement of Solution

The proposed solution is for the mobile terminal to signal to the base station when it detects a condition that it is nearly stationary and where, as a consequence, a particular frequency (or set of frequencies) is persistently worse than other frequencies in the hopping sequence. As noted above, this would typically be caused by frequency selective fading affecting some frequencies and not affecting others; although it could also be imagined that a particular frequency might be adversely affected by an interference at particular locations. Such signalling could use any appropriate control channel such as the FACCH or SACCH uplink channels. The message from the mobile station would indicate a set of frequencies where transmission by base station could be completely attenuated (i.e. “squelched”) without significant degradation of performance.

On receiving this message , the base station will perform two actions.

First, the base station will suppress the transmission on the slots allocated to the indicated ‘bad’ frequencies, thus effectively ‘puncturing’ the frequency hopped transmission. Note that the ‘bad’ frequencies are not removed from the hopping sequence; they still remain in the hopping sequence, and there is no change to the format of transmitted data, but when the turn comes to transmit on such a ‘bad’ frequency the base station “squelches” the transmission; in other words, it transmits at zero power on a ‘bad’ frequency. One possible alternative proposed for study is to allow the base station to choose to simply reduce power on the ‘bad’ frequency, i.e. not completely “squelch” it.

The base station continues to transmit exactly the same data as it normally would have on the remaining ‘good’ slots, relying on redundancy to overcome the effect of the suppressed transmissions. As an alternative it may choose to increase the power of the transmissions on or all or a selected subset of the remaining slots. As an example, the base station might suppresses transmission on 1/4 of the slots, while increasing transmission power averaged over the remaining slots by 4/3, thus ensuring that total average transmission power is unaffected, but the power is focussed on those slots with the most favourable performance. 

When the mobile terminal detects that the selected frequencies are no longer consistently good, perhaps because it started moving again, it signals this to the base station which can start transmitting on all frequencies in the hopping sequence again.

The above description illustrates how the mobile station signals information to the base station in order that the base station can suppress transmission at certain frequencies. However the concept also works with the roles reversed, i.e. base station signals ‘bad’ frequencies to the mobile and the mobile terminal “squelches” the transmission that would have taken place towards the base station.

1.3 Detection that the mobile is stationary

The mobile terminal is able to detect that it is stationary relative to the base station by several methods, none of which would require to be standarized, of which the following are examples can be used separately or in combination:

(1) The mobile can track the power received on each of the hopping frequencies over the last few cycles of the hopping sequence. If these powers do not change, then this indicates that the mobile is stationary.

(2) The mobile can record the channel impulse response computed by the equalizer from burst to burst. If this does not change over many bursts, this indicates that the mobile is stationary.

Methods (1) and (2) are equally applicable in the base station, to detect whether the mobile is stationary or moving.

Note that the application of burst power control relies on both units detecting that the mobile is stationary, and signalling the appropriate frequencies and quantized power control values as in the above section. However, if the mobile starts to move, the burst power control mode can be terminated independently by either end (i.e. by either the base station or the mobile station) without requiring signalling, since both the mobile and base station can detect that the mobile is no longer stationary by using the methods above. This method is proposed for study in addition to, and in conjunction with, the method where one or both ends signal to each other that the mobile is no longer stationary. 

1.3.1 Very slow moving mobiles

In the case of sufficiently slow moving mobiles, although not quite stationary, a further proposal can be considered for study. 

If the mobile is moving sufficiently slowly, then the amplitude at each hopping frequency will change only gradually. In this case, and provided the movement of the mobile is sufficiently slow, there will be available sufficient signalling bandwidth between the mobile and the base station that the list of frequencies to attenuate or amplify can be updated sufficiently quickly (in an incremental manner) to track changes in the fading conditions.

Note that the detection of this condition can use the same techniques as described above, for example tracking of the power received on each frequency with a threshold detector to determine when the rate of change of power exceeds some determined limit.

1.4 Amplification at selective frequencies

The transmit side may choose just not to attenuate transmission at certain indicated frequencies, but to amplify transmissions at other frequencies. This amplification can be guided by information from the receive side, provided it has sent information elements indicating which frequencies are best to amplify, or such frequencies can be selected autonomously by the transmit side. It is normally expected the transmit side would ensure that extra power added due to this amplification would be less than or equal to the power subtracted due to attenuation, in order that the overall statistical interference to neighbour cells does not increase.

2 Modelling Assumptions and Requirements

The principal benefit and application is likely to arise in built up areas with a significant proportion of almost stationary or stationary mobiles, typically indoors.

Therefore the modelling assumptions must state the following:

· proportion of static or nearly static mobiles, with dwell time in this state.

· selection of appropriate channel models for these conditions.

3 Performance Characterisation

TBD.

4 Impacts on the Mobile Station

Implementation complexity in new mobiles is relatively low and is comparable with existing frequency hopping power control. No stringent timings are introduced.

Legacy mobiles are unaffected.

A new mobile with a legacy base station could not use this technique since the base station would not support the required information elements. A new mobile must indicate its support of the technique to the network which could then use it if required.

5 Impacts on the Base Station Subsystem

Implementation complexity is comparable to ordinary power control.

A base station must indicate that it supports this new feature so that new mobiles supporting the feature can use it.

The concept can be selectively deployed in the network on a per-cell basis, for example at those cells where the benefit is greatest, without affecting other cells.

6 Impacts on the Core Network

Minor mobile capability signalling changes.

7 Impacts on the Specification

Principal areas of change to:

· 3GPP TS 44.018 (for new signalling and message elements)

· 3GPP TS 45.005 (for new power control requirements)

· 3GPP TS 45.008 (for power control procedures)

Possibly other minor changes to signal network capability to mobile and visa versa (TBA).

8 Conclusion

In the light of the above, it is proposed that the outlined technical enhancement be added to the GERAN evolution technical report, ref [1].

It is also recommended that the objective of reduced transmitter power requirement where achievable for equal service is added to the technical report.
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