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METHODS AND ELECTRONIC DEVICES FOR WIRELESS AD—HOC

NETWORK COMMUNICATIONS USING RECEIVER DETERMINED

CHANNELS AND TRANSMITTED REFERENCE SIGNALS

CLAIM FOR PRIORITYAND CROSS—REFERENCE TO RELATED

APPLICATIONS

This application claims priority to US. Provisional Application No.

60/412,244, filed September 20, 2002, entitled Method and Apparatusfor Chaotic

Radio Communication; and to US. Provisional Application No. 60/419,151, filed

October 17, 2002, entitled Ultra-largeprocessing gain system applying time ofi’set;

and to US. Provisional Application No. 60/419,152, filed October 17, 2002, entitled

Ultra-large processing gain system applyingfrequency oflset, the entire disclosures of

which are incorporated herein by reference.

TECHNICAL FIELD OF THE INVENTION

The invention relates to the field of communications in general, and more

particularly, to Wireless communications.

DESCRIPTION OF THE RELATED ART

Many existing communications systems may be considered to be highly

structured. For example, in cellular phone systems, such as GSM, UMTS, or

CDMAZOOO, radio base stations control the transmissions between mobile radios and

a Wired backbone. The infrastructure used to control such systems can reside in a

Public Land Mobile Network (PLMN ), which can include subsystems such as base

station controllers (BSC) and mobile switching centers (MSG). The communications

with the mobile radios can be provided over control channels defined by the system.

Connection setup, channel allocation, handover, and other types of support functions

can be controlled by the BSCs and the MSCs.

Figure 1 shows an example of a conventional system, wherein the operations

of several base stations in close proximity of each other, can be coordinated to reduce

interference between mobile radios and to provide handover when the mobile radio

moves from one coverage area to another. In particular, the system can be responsible

for handling mobility issues that may arise while using the system, such as the radio

interface, roaming, authentication, and so on. The system can be separated from a
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conventional wire-line backbone, such as a Public Switched Telephone Network

(PSTN), but may interface to the backbone via a gateway (GMSC). As shown in

Figure l, typically only the connection between the radio and the base station (122., the

last segment of a call) is wireless.

Figure 2 shows wireless extensions to a wire—line backbone, such as the PSTN

discussed above. In these types of systems, the BSC and MSC sub—systems shown in

Figure 1 may be absent as the wire-line backbones may not support mobility. Some

examples of wireless extensions to wire-line backbones include DECT (a wireless

extension ofPSTN/ISDN) and IEEE 802.11, which is a wireless extension of

Ethernet.

Many ofthe above systems can provide multiple users with access to the

system essentially simultaneously. Access can be provided to the multiple users by,

for example, dividing the radio band into multiple channels. These types of systems

are sometimes referred to as multiple access systems, which can be provided using

various approaches illustrated in Figures 3—5 .

Figure 3 illustrates an analog type multiple access approach that is commonly

referred to as Frequency Division Multiple Access (FDMA) wherein access for N

users is provided by N different fiequencies mi. According to Figure 3, N separate

channels are provided at the different frequencies indicated by evenly spaced carriers

at the different frequencies 0);. The information signal (TX signal i) generated by the

respective user modulates a respective carrier at to provide a respective transmitted

signal. The transmitted signal can be received by a receiver by demodulating the

transmitted signal using the same carrier frequency mi and processed by a low pass

filter (LP Filter) to provide a received signal (RX signal i). The bandwidth ofthe ‘

transmitted signal combined with the carrier spacing can determine interference

between adjacent channels. The Advanced Mobile Phone System (AMPS), the

Nordic Mobile Telephone (NMT) system, and the Extended Total Access System

(ETACS), are examples of systems based on FDMA.

In FDMA, channels may be confined to an intended channel, for example to

reduce interference, by spacing adjacent carriers adequately (referred to as

orthogonality). The relative positions of the carriers should remain in a fixed

relationship to one another (i. e., the channels should not drift toward or away from
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one another). One way to reduce drift is to use a stable crystal oscillator as a

reference for the frequency synthesizer in the radio.

Digital communications systems, such as the Global System for Mobile

communications (GSM) and D-AMPS, can allow multiple users to access the medium

on the basis of time. Such systems are commonly referred to as Time Division

Multiple Access (TDMA) systems, an example of which is shown in Figure 4. As

shown in Figure 4, each of the N users can be assigned one of the N time slots ti. The

transmitters transmit the respective signal (TX signal i) during the respective assigned

time. Similarly, the receivers receive the signals (RX signal i) during the assigned

time slot. In some TDMA systems, such as those illustrated in Figure 4, the channel V

provided by the carrier is divided into eight time slots. The channel can be defined by

the carrier frequency and a time slot. Different users can be supported by different

channels (Le, a combination of the particular frequency and the assigned time slot).

It is also known to combine aspects of TDMA and FDMA, wherein multiple carrier

frequencies are divided into multiple time slots. The channels can, therefore, be

specified by one of the frequencies in combination with one of the time slots.

In TDMA, channel orthogonality can be provided by preventing consecutive

time slots from overlapping one another, which can be provided using stable clocks in

the transceivers. In addition to a particular transmitter and receiver pair being

synchronized in the system, the different receivers can be also be synchronized to one

another to prevent the time slot assigned to one radio from drifting into another time

slot assigned to another radio. Usually, this can be accomplished by synchronizing all

radios to a central controller, such as a base station.

It is also known to provide multiple access communications using a technique

that is commonly referred to as Code Division Multiple Access (CDMA), such as

systems using Direct Sequence CDMA (DS-CDMA) or Direct Sequence Spread

Spectrum (DSSS). As shown in Figure 5, in DS-CDMA, the transmitted information

(TX signal i) is spread with a high-rate spreading code (or signature) Si that is

associated with the particular transmitter i. In the receiver, a correlation can be

applied to the signal using the same spreading code S, to despread the signal to its

original format (RX signal i). Typically, the spreading codes assigned to the

transmitters are orthogonal relative to one another. If the spreading code used by the

receiver does not match the spreading code used by the transmitter, the received

signal will not be despread correctly and, therefore, may not be decoded. DS-CDMA
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techniques are used, for example, in 13—95, UMTS and CDMAZOOO. Conventional .

Spread Spectrum processing is discussed further, for example, in Spread specfl‘um

communications handbook, pp. 7—117, by Marvin K. Simon et al., published 1994 by

McGraw—Hill, In. ISBN 0—07—057629-7.

5 It is also known to provide multiple access communications using a technique

that is commonly referred to as Frequency—Hopping CDMA (PH-CDMA), as shown

in Figure 6A. According to Figure 6A, each of the N transmitters in the multiple

access system separates the information to be transmitted into different segments and

transmits each of the different segments at a carrier frequency that changes over time.

10 A "hop pattern" defines which carrier frequency is used at which time for data

transmission. In particular, as time elapses each transmitter hops (or changes) from

one carrier to another according to a pseudo—random hop code, Ci(.Q,t), that is

essentially unique to the particular transmitter.

Only the receiver that applies the same hop code Ci applied during

15 transmission can remain in synchronization with the transmitter that transmitted the

data and, therefore, is the only receiver that can decode the information. An

exemplary table in Figure 6B shows an example of a hop pattern wherein the N

transmitters change from one frequency to another frequency as a function of the hop

codes applied by the different transmitters (and receivers) as a function of time.

20 One type ofproblem that may be encountered in both DS-CDMA and FH-

CDMA type systems is the acquisition or initial code synchronization. If the

spreading code is not synchronized to the signal at the receiver, the correct

despreading may not be provided. Synchronization may be particularly difficult to

obtain in low Signal-to-Noise Ratio (SNR) conditions. As a result, synchronization

25 a can be a lengthy process. This may pose a problem for asynchronous services where

the transmissions are "bursty" and a synchronization phase may be needed for each

new transmission.

Moreover, the acquisition delay may become an obstacle when large immunity

against interference is desired. The Processing Gain (PG) in direct-sequence spread

30 spectrum systems can be defined as the ratio between the Signal to Noise Ratio (SNR)

after and before de-spreading:

PG = SNRdeSpread/SNRspread
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