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The Limitations of DSS Ultra-wide Spreading

Introduction

In the 802.15 standards committee and elsewhere, Ultra Wide Band (UWB) modulation has been proposed, considered and recognized by the Regulatory Agencies.  The main regulatory limitation has been on the spectral power density of the radiation.  The absolute intent is avoiding interference to the incumbent spectrum users.  The same result could also be described as zero detectability with radio receivers used by these incumbents. 

Currently, there is some interest in UWB direct sequence spreading (DSS) for lower-rate modulations where the ratio of occupied spectrum to the inherent bandwidth of the transferred information is of the order of 100:1 or much more.  While this possibility certainly exists, it is not appropriate for reasons described below. Spreading of 16 is probably at the center of a broad optimum “all things considered.”

Judgment Criteria

Optimization factors sometimes under-weighted are:

1) Interference resistance to foreign signals.

2) Interference resistance to like-signals from coverage’s re-using the same frequency.

3) Resistance to “cancellation-type” (Rayleigh and Rician) fading.

4) No requirement for exact phase or frequency match in receivers.

Under these criteria, the simpler two or three level, non-coherent modulations are more suitable than complex 16-state (or higher orders) phase-amplitude modulations.  

Shannon’s equation teaches that the energy/bit required moves higher with increasing bits/Hz.  With greater energy spreading, energy per bit approaches an asymptotic limit at or below 0.6 bits/Hz.
For a fixed data rate, increased spreading decreases spectral energy/bit. This is a linear exchange—doubling the spreading halves the power density.   After achieving a sufficient improvement in diminished fade margin, there is no further benefit from ultra-wide spreading with direct sequence channel coding.  Other methods may be considered.

It is necessary and beneficial to minimize amplification at the signal bandwidth.  More radio gain at video band width is better, after the noise bandwidth is much reduced by filtering after the the first mixer.  

The Power, Bandwidth, Range and Other Trade-offs

In the race for higher data transfer rates, either higher power or shorter range is inevitable.   There is no race for efficient use of radiated power and maximized resistance to interference from incumbent users.  Assuming that all designs have equal technical competence, the differences are a choice in fundamental trade-off parameters.

Raw Data Transfer-Rate

Holding reach, modulation and spreading constant, this parameter is linear.  Doubling the data transfer-rate requires a doubling of the occupied bandwidth and the transmitter power (and transmitter current drain).  Less obvious is increased difficulty of achieving flat time delay across wider bandwidths.
Avoiding demand for transfer rates beyond what is normally needed is the most important minimization factor for better performance.

Direct Sequence Spreading Ratio  

IEEE 802.11’s first standard presented alternatives of 11-bit (“Barker character”) and frequency hopping spreading (now rarely used).  To this moment no other dot 11 PHY, including the later OFDM types, provides more range and coverage continuity than the first 802.11 DSS PHY.
Relative to single carrier direct modulations, the main value of spreading is reducing the vulnerability to multipath cancellation fades and on-channel background signals.  Reduced necessary fade margin advantage (in dB) is as good from this means as from the others.

It should be understood that processing gain never does more than reduce the effective noise bandwidth to that of the information transfer rate.  It undoes the increase in detected noise from the spreading.

Large increases in spreading, provide an equally large decreases in power density.  A further benefit is resistance to like-signal interference.  That signal will look like background noise to the detection process.  Other benefits are slight.

The amplification required between antenna and the conversion to binary information is related to the chipping or raw data transfer rate.  Over a large spreading bandwith, the gain must be that of a narrow band receiver with same noise bandwidth.  This larger gain can be quite difficult to obtain over great bandwidths.

Range

To double range in free space, a 6 db in increase in power is necessary, and in cluttered, moderately obstructed environments, about 12 dB.  Yet higher loss will result from interposed walls and large objects.  Rain will increase path loss.  This loss increases at higher microwave frequencies.  More power will required to maintain constant range.

Range tends to be limited by obstacles in the environment provided there is sufficient power available.

Implementation Considerations

When designing a real radio, there are very important considerations in apportioning gain at signal, intermediate and baseband frequencies.  It is also important to place, artfully, noise and interference filtering at the lowest feasible level in the chain. 
Dynamic Range

Consider the power and gain relationships for the following range of modulation parameters:  
Information transfer rate:


1   

1   

1   
Mbps
Information bandwidth (non-coherent):
1.5 

1.5

1.5 
MHz

Spreading ratio:



16

64

256

Spread ratio bandwidth:


24

96

384
MHz

The gain in the radio required is the same for all of these cases.  The 16:1 spreading provides most of the gain available for benefits against multipath and foreign signal interference.   The wider radios must accept more and more foreign signal that will degrade recovery of desired information if they cause overload to any circuit in the radio.  

Automatic power control (APC) has been shown to have great advantage in spectrum conservation, but is rarely used.  With APC, no transmitter uses more power than necessary; and the radio receiver gain is always at maximum.  IEEE 802 Committees have not seemed to have considered the degradation of frequency reuse from omitting this function.  Without APC, it is possible to overlook occasional receiver failures from dynamic range limitations.

The overload point for the 256 spread must be 12 dB higher than for the 16 spread; and this spread already requires 6 dB more dynamic range than the same information narrow-band.

If this characteristic is not carefully implemented, it will be uncommonly easy to jam the radio without much power.  

Noise Bandwidth Determining Filtering

A hypothetical UWB radio might operate between 3.4 and 4.9 GHz using either coherent or non-coherent modulation/detection.   The receiver will have filtering at the signal frequency and at the output of the first vector mixers step (baseband). After baseband amplification, the signal is presented to the detection process where the conversion from analog to digital data takes place.
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For illustration, the radio gain might be allocated as follows:

Net gain between antenna and the 
input to the vector diode ring mixer:   


30 dB

Net gain at the output of the diode ring mixers:

20 dB

I and Q baseband amplification to detection:


30 dB  (function of BW)

Level relative to antenna input at the demodulator:

50dbr
Since noise bandwidth is not minimized until the demodulation step, this gain applies equally to close-in interfering signals.  This creates a need for pre-detection filtering. Such filtering cannot have sharp sides without delay distortion (excepting FIR filters not usable at radio signal levels).

The level at detection will be of the order of a few milli-Volts with this gain.  A one-bit A/D converter must have a sharp and stable threshold at this amplitude level—not easy.  A large part of the radio gain is in the comparator used for the one-bit A/D converter.

It might be necessary to add 20 dB more gain at baseband.  This would increase the detection voltage level 10X which would result in a 20 dB reduction in overload margin.  

Fractional Bandwidth

A routine radio bandwidth is smaller than 10% of the operating frequency.  Larger fractions are doable but are increasingly difficult.

Antennas with over 3% bandwidth and with controlled directional pattern, both at the same time are difficult.  If small size is also required, design is challenging.

There are several known good designs of broadband antennas.  The flat panel spiral, log-periodic, Krauss helical and fat-element types are known and effective over an octave.  If such antennas are used, the antenna capability must be matched to the need early in the design process.  Some of these antennas may have a satisfactory pattern, but because of impedance mismatch, reflect quite a bit of the energy over the intended pass band.  Minor lobes may be surprisingly large.

If the antenna is small relative to the operating frequency, it is likely to have high Q and narrow useful bandwidth.

Considerable effort may be devoted to designing broadband antennas which meet bandwidth and impedance but have a highly variable pattern over the frequency range.  This consideration must enter into the radio design as much as any of the other factors.

Conclusion

Be cautious about choosing transmission bandwidths very much larger than that of the information and/or which are a large fraction of the radio channel center frequency.

Direct sequence spreading in moderation is advantageous.  Ultra-wide spreading may have many more vexing problems that make a complete, useful product difficult to accomplish.

A separate paper will take up what should be done (rather than what should not).
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