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- WIRELESS DATA COMMUNICATIONS

Technical field

The invention relates to data communications, and particularly to transmitting

and receiving digital data information overa point-to-point wireless link.

Background

High speed broadband networks have been growing rapidly in recent decades.
With the advance of wireless communications technologies, broadband wireless access
(BWA) networks such as WIMAX (Worldwide Interoperability for Microwave Access,
for example in Loutti Nuoymi, WiMAX Technology for Broadband Wireless Access, John
Wiley & Sons, Ltd., 2007) will be able to replace wired access networks to provide
broadband services such as the Internet access and combined voice, video, and data
transmission in a cost- effectlve manner. One appllcatlon of BWA is fixed-point wireless
backhauling, which can provide high data rate wireless link between the Internet
backbone and the base station (BS) of another wireless access network and/or between the
BS and a consumer premise equipment (CPE) such as a access point (AP) in a wireless
local area network (WLAN). In countries with large geographical areas of low population
density (e.g. United States, Canada and Australia), high data rate wireless backhauling

links are extremely necessary to economically bring broadband services to remote areas.

Fixed-point wireiess cemmunicatiohs services, er simply fixed services,
commonly use systems operating in the microwave frequency range between 1 to 86
GHz. For example, fixed WiMAX systems (based on the IEEE 802.16-2004 standard) are
currently allocated the 2.3, 2.5, and 3.5 GHz frequency bands for their operations. The
channel bandwidth in fixed WiMAX is equal to or less than 20 MHz. The maximum data
rate can be as hlgh as 75 Mbits/s. There are also other frequency bands dedicated for fixed
services such as the 6, 6.7 and 8 GHz bands The channel bandwidth is 29.65 MHz in the
6 and 8 GHz bands and 40 MHz in the 6.7 GHz band. Systems operating in these
frequency bands can typically provide data rates of over 100 Mbits/s.

With the ever increasing deﬁiaﬁd for high speed wireless connectivity, multi-
gigabit wireless links are necessary, especially for the wireless backhauling which

connects the Internet backboﬁe and the base station of a broadband network. However,
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currently available wireless technologies operating in the microwave frequency band can
not offer more than Gigabits per second data rates. A solution to realise a multi-gigabit/s
wireless link would be one which combines a number of lower data rate wireless systems
operating in different radio frequency (RF) channels to achieve a higher data rate. For
example, if all the RF channels in the 6, 6.7, and 8 GHz frequency bands were aggregated
together, the total bandwidth would be about 794.4 MHz. If multi-level modulation such
as 64-QAM were used to achieve a spectral efficiency of 6 bits/s/Hz, the total achievable
data rate would be 4.766 Gbits/s. However, the direct combination of multiple low rate

wireless systems has many drawbacks as described below.

First, the direcl combination of low data rate systems can not make full use of
the available bandwidth. According to the current RF channel assignment regulations
enforced by government agencies administering the use of radio spectrum (e.g., the
Australian Communications and Media Authority and the Federal Communications
Commission in the United Stétes), a microwave frequency band is divided into a number
of narrowband RF channels and the channels are arranged in pairs separated by a fixed
transmit/receive duplex spacin‘gl. Co-channel and adjacent channel protection ratios are
defined to prevent interference umong different channels. If data are transmitted
independently in different RF channels guard bands must be enforced to prevent

emission into adj acent channels

Second, to reduce the implementation cost, signals from multiple RF channels
need to be combined together to form umulticamer signal before power amplification.
However, a multicarrier s1gnal demonstrates high peak-to-average power ratio (PAPR),
which srgmﬁcantly reduces the power efficiency of a wireless system since a transmit
power backoff has to be enforced to reduce nonlinearity. In general the hi gher the

number of carriers used in the combined slgnal, the higher the PAPR will be.

Third, the direct combination of low data rate systems is also not cost efficient
since separate baseband processing modules, analogue-to-digital and digital-to-analogue
converters, and RF chains including mixers, bandpass filters and power amplifiers are

required for individual RF channels.
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Summary

In a broadest form, a wireless data communications method is disclosed. The method
groups sub-bands, from among a set of transmission radio frequency channels assigned to
a terminal, into a plurality of aggregated sub-bands, and allocates data to at least some of

said aggregated sub-bands.

There is further provided a wireless data communications method comprising:

grouping adjacent‘sub-bands from among a set of transmission radio frequency
channels assigned to a terminal into a plurality of aggregated sub-bands;

single carrier modulating data symbols in at least éome of said aggregated sub-
bands; and

combining said modulated signals into a multi-carrier signal.

There is yet further provided a wireless data communications method
comprising:

grouping adjacent sub-bands from among transmission radio frequency sub-
bands within a plurality of discrete channels assigned to a terminal into a plurality of
aggregated sub-bands; | .

single carrier modulating data symbols in at least some of said aggregated sub-
bands; ‘ .

frequency upconverﬁng said single carrier modulated signals; and

combining said upconverted signals into a multi-carrier signal.

There is yet further provided a transceiver comprising:
a transmitter including: , |

a module cénﬁgured to group adjacent.sub-bands from among a set of
transmission radio frequency sub-bands assigned to a terminal into a plurality of
aggregated sub-bands; |

a single carrier modulator configured to modulate data symbols in each
said aggregated sub-band; and

a module conﬁgured to combine said single carrier modulated signals
into a multi-carrier signal; and
é receiver iﬁcluding’: |

a module configured to separate a received multi-carrier signal into a

plurality of single carrier modulated signals; and
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a module configured to demodulate each said single carrier modulated

signal into data symbols.

Preferably, the plurality of aggregated sub-bands is varied in number in a range
extending from between one of and all of said assigned channels as data rate increases.

Data symbols can be modulated in all of said plurality of aggregated sub-bands.

Description df the draWings

In the drawings:

Figs. 1A and 1B are block flow diagrams of methods embodying the invention.

Fig. 2 is a schematic block diagram of a point-to-point wireless link.

Fig. 3 is a schematic block diagram of a transceiver.

Fig. 4 is a schematic block diagram of a forward path transmitter.

Fig. 5 is a schematic block diagram of a return path receiver.

Figs. 6A, 6B and 6C show example sub-band channels and aggregation schemes.

Fig. 7 shows a first example of a modulation scheme embodying the invention.

Fig. 8isa schematic block diagram of a transmitter.

Fig. 9 is a schematic block diagram of a receiver corresponding to the transmitter
of Fig. 8.

Fig. 10 shows a second example of a modulation scheme embodying the
invention. ' '

Fig. 1lisa schematic block diagram of another transmitter.

Fig. 12 is a schematic block diagram of a receiver corresponding to the
transmitter of Fig. 11. | |

Fig. 13 is a further example of a modulation scheme embodying the invention.

Detailed description

Where reference is made in any one or more of the accompanying diagrams to
steps and/or features which have the same reference numerals, those steps and/or features
have for the purpose of this description the same functions(s) or operations(s), unless the

contrary intention appears.

Embodiments of the invention -implément systems and methods to aggregate

multiple RF channels (sub-bands) in multiple frequency bands to provide a multi-
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gigabits/s wireless link with improved spéctral efficiency, power efficiency and cost
efficiency for a broadband backhauling application. Sub-band aggregation is used to
merge multiple adjacent RF channels to form a wider bandwidth aggregated sub-band
(ASB) so that guard bands in an ASB are not fequired and spectral efficiency can be
improved. For a given ASB,_ singleicarrier modulation is applied to modulate data
symbols on the éentrevfr'equéncy (or éarrier) of the ASB. Together with the sub-band
aggregation which also feduces the number of ASBs for a giVen frequency band, there
will be fewer modulated signal carriers to be combined to form a multicarrier RF si gnal
and hence the PAPR of the RF signal to be amplified and transmitted in a frequency band

can be reduced to achieve higher power efficiency.

The multiband aggregated sub-band wireless link is suitable to be used for
providing point-to-point communications Between two communicating terminals, for
example, between the Internet backbone and a BS of a broadband access network,
between two BSs within a broadband access network, or between a BS and a fixed access
point (AP) within a broadband access network. Of course, other wireless applications

which use point-to-point fixed wireless links are within the scope of the invention.

- Fig. 1A.is a block ﬂbW diagram of a method 100 embodying the invention. A
set of transmission RF channels (alsd hereinaﬁer called sub-bands) 102 exist. Adjacent
sub-bands assigned to one user terminal are grouped into a plurality of aggregated sub-
bands in step 104. Data symbols are single carrier modulated in at least some of the
aggregated sub-band in step 106. The single carrier modulated signals are then combined
into a multi-carrier signal in step 108. A stép of up-conversion to a transmit frequency

band also can be performed, either before or after the combining occurs.

Fig. 1B .is a block ﬂdw diagrarh of another method 150 embodying the invention.
As shown diagrammatically, a set of RF channels (sub-bands) is available in Bands 1, 2
..., NB. Adjacent channels assigned to a particular terminal in all Ng bands are grouped in
steps 152y ihto aggregated sub-bands (ASB1, ASB2 ...ASBy). In steps 154y, data
symbols are single carrier quulated in each ASB. Each single carrier modulated sub-
band is then up-converted to a transmi}t fre‘quency band in steps 156n. Lastly, in step 158,

the up-converted signals are combined into a multi-carrier si gnél for transmission.
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In what follows, the expression “module” is to be understood as a general term
for circuit elements, which can be implemented in many convenient forms, such as
software running on a processor, firmware and FPGAs in the digital domain, and as

discrete circuits in the analogue domain.

A system 200 implementing point-to-point wireless link is shown in Fig. 2, as an
example. A first terminal 202 has a multiband ASB transceiver 204 and a radio
frequency transmission and reception antenna 206. The transceiver 204 is connected to
an internet backbone 210. The terminal 202 transmits to, on a forward path 220, and
receives from, on a return path 222, an antenna 232 of a second terminal 230. The
terminal 230 has a multiband ASB transceiver 234 connected to the antenna 232. The

transceiver 234 is connected to a remote broadband access network 240.

Fig. 3 shows a Schematic block diagram of a transceiver 300. The transceiver
300 thus embodics the two tr‘zlnsceivér‘s- 204, 234 of Fig. 2, and the principal difference
between the respective transceivers 2,04; 234 is that the operational frequencies for the
respective transmitter and receiver are swapped. Data to be transmitted, in bit form, is
provided to a forward path transmitter 302, which composes the data bits to form data
packets and generates modul;_ited signals that are provided to a diplexer 304, in turn, to be
provided to an antenna (e.g. 2306, 232) fdr trabns_.‘mission to a remote terminal. RF signals
received by the antenna are péssed toithe diplexer 304, and then to a return path receiver
306. The return path receiver 306 theréby ‘reéeives data packets aS well as the forward
path channel state information (CSI) and the acknowledgement (ACK) from the remote
terminal. The transceiver 300 operates in a full duplex mode with a frequency-division
duplexing (FDD) scheme, i.e. it transmits and receives at the same time but in different

frequency spectra.

Fig. 4 shows a schematic block d.i"c_igram of the forward path transmitter 400 (e.g.
transmitter 302 in Fig. 3). There is a total of Nj frequency bands used in the multiband
ASB transceiver 400. The forward path transmitter 400 has a scrambling, encoding and
interleaving module 402, a sub-stream demultiplexing module 404 and Ng transmitters
406y, each of which operates in a different frequency band. The input uncoded data bits
are firstly scrambled, enéoded- using forwafd error codes (FEC), and interleaved by the
processing module 402 to produce coded data bits. The coded data bits are then divided

into N data substreams through substream demulplexing by the processing module 404.
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The coded data bits from each substream are mapped into data symbols and modulated on
multiple frequency carriers or subcarriers to form RF signal in a corresponding frequency
band by the transmitters 406y. Multiple RF signals formed in multiple frequency bands
are combined by a combiner circuit 408 and fed to the transmit antenna (e.g. 206, 232 via
the diplexer 304). The CSI received from the return path 222 is used to control each
processing module 402, 404, 406y in the transmitter 400 to achieve adaptive modulation

and coding (AMC) for optimised performance.

Fig: 5 shows a return path receiver .500 (e.g. the receiver 306 in Fig. 3). The
return path receiver 500 has Ny receivers 502y, each of which operates in a different
frequency band, a substream multiplexing module 502, and a deinterleaving, decoding
and descrambling module 506. The receiver 502y operating in each frequency band
receives the multiband RF signal and retrieves the coded data bits from data symbols
modulated on multiple frequeney carriers or subcarriers to recover each data substream.
The substream multiplexing.mo'dule 504 then combines N recovered substreams to form
a single coded data stream. The coded data stream is ﬁnally deinterleaved decoded and
descrambled by the processmg module 506 to recover the original uncoded data bits.
ACK about the received packet will be generated after checking the packet error and CSI
about the return path is determined according to predetermined training sequences or
obtained blindly. The ACK and CSI regarding the forward path are embedded in the

received packet and will be also retrieved.

As mentioned previdusly, a frequeney band is typically divided into a number of
RF channels in pairs accordrng to regulatory rules. One RF channel in the pair is used for
forward path and the other i is used for retum path. At any given lrnk all RF channels
assigned for the same forward or return path will be placed at either the lower or the
higher block of the frequency band. For illustration purposes, Fig. 6A shows all eight RF
channels numbered 1 to 8 for forward path’:used in a given frequency band, where only
six channels numbered 1,3,4,6,7, and 8 are assigned to the wireless link/terminal and
channels 2 and 5 are‘as‘signed toa differe_nt user terminal. To improve the spectral
efficiency, sub-band aggregation is used by which all adjacent sub-bands are grouped to
form a wider sub-band called aggregated sub-band (i.e., ASB). In the example shown in
Fig. 6A, after sul)-band aggregation, the number of sub-bands is reduced from originally
six to three, where channel 3 and 4 as well as channel 6, 7, and 8 form two aggregated

sub-bands respectively. A maximum allowed number of channels in an aggregated sub-
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band may be imposed to limit the bandwidth of an aggregated sub-band. ‘There exist
different ways to aggregate sub-bands. This is illustrated in Figs. 6B and 6C, where
channel 1 and channels 3 to 8 are assigned to the link and the maximum number of
channels in an aggregated sub-band is assumed to be four. Channels 3 to 8 can be
aggregated to form two. wider sub-bands, each having three channels, or, one having two
channels and the other having the maximum four channels. If there is no limit on the
maximum number of channe;ls in an ASB, then channels 3 to 8 can be formed as one
ASB.

To improve the power efficiency, single carrier modulation is used for each
aggregated sub-band, i.e.; the data symbols are modulated on the centre frequency
(Intermediate Frequency or RF carrier) of each aggregated sub-band. All single carrier
modulated signals in a frequency band are combined to form the final RF signal to be
power amplified and transmitted. Due to the sub-band aggregation and single carrier
modulation, there will be leés single carrier modulated signals to be superimposed
together so that the PAPR of the final RF signal will be reduced as compared to that of
the independently modulated and combined RF signal. In addition, the sub-band
aggregation also simplifies the baseband signal processing and reduces the number of RF
chains including the miXers, filters aﬁd.ampliﬁers so that the implementation cost will be

reduced.

Fig. 7 shows generation of the RF signal by a transmitter for a given frequency
band with single carrier modulation for each aggrcgated sub-band and combining all
modulated carriers together. The aggregated sub-band arrangement shown in Fig. 6A is
used for the purposes of illustration. The carrier (i.e. the centre frequency) of each ASB
is indicated, for example, as ‘;Carrier of ASB1”. Each carrier and a data substream are
input to a respective smgle carrier modulatlon module 7OON The thus modulated signals
are then combined into a multi-carrier SIgnal ina combmlng module 702. The resultant
RF signal waveforms for the single carrier modulated signals (i.e. output from the
respective modulation module 700y) and the combined RF signal (i.e. output from the
combining module 702) are illustrated. “This radio spectrum access method, by which the
data symbols are direcﬂy modulated on the carrier of an ASB, is termed aggregated sub-
band frequency-division multiple access (ASB-FDMA).
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The block diagram of this transmitter embodiment 800, representing the next
level of detail of each transmitter 406y in Fig. 4, is shown in Fig. 8. The data bits from
the substream (resulting from the substream demultiplexing 404) are first distributed by a
distribution module 802 to each single carrier modulation module 804y. Each single
carrier modulation module 804 then modulates the data bits on to the carrier using digital
modulation techniques such as multilevel phase shift keying (PSK) or quadrature
amplitude modulation (QAM) to generate a RF signal to be transmitted in the
corresponding ASB. A bandpass filter (BPF) 806y restricts the signal bandwidth to
satisfy a desired transmit mask requi’rément'. "There are total Ng ASBs in the frequency
band. Finally, all modulated RF signals to be transmitted in all ASBs are combined by a
combiner 808 and amplified by a power amplifier (PA) 810 to generate the RF signal for
the frequency band (e.g. Band 1). Note that power amplification can also be performed

for individual RF signal in each ASB before combining.

The direct combining of RF sfgnals fnay be less desirable in some
implementations of the ASB-FDMA tfansmitter 800. An alternative approach is to
combine the modulated carriers at some intermediate frequencies (IF) for each ASB and

up-convert the combined IF signal to the correct RF frequency band.

A corresponding receiver 900 to receive the signal generated by the transmitter
800 using the ASB-FDMA approach is shqwn in Fig. 9. The receiver 900 provides the
next level of detai] ‘fo.r each téceiver 502N “s'hovwn in Fig. 5. The received multiband RF
signal is first passed through a BPF 962 to obtain the RF signal in the specified frequency
band and theﬁ amplified by a low noise amplifier (LNA) 904. The amplified signal is
further filtered by a BPF 906y then fed to each single carrier demodulation module 908N
to perform signal demodulation and equalisation in the corresponding ASB. After
demodulation and equalisation, the received data bits from each ASB are obtained.
Finally, all the received data bits are co‘mb.in_ed in a streaming module 910 to form the

received data sub-stream.

The receiver may first down-convert the received RF signal to an IF band and

then demodulate the data symbols at respective IF carriers of the ASB.

The single carrier moduiation and demodulation may use digital baseband

processing and thus may include both di gital domain and analogue domain modules.
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As a second embodiment of the transmitter, the RF signal to be transmitted in a
frequency band can be generated using a frequency-domain multicarrier modulation
approach. This approach is illustrated in Fig. 10, where the same aggregated sub-band
arrangement shown in Fig. 6A is used as an example. In this embodiment, digital signal
processing techniques are used to generate a baseband signal first. The baseband is
centered about the zero frequency (i.e., direct current, 1000) in the illustration. Other
implementations are also possible (e.g., the second Nyquist zone). The desired (or
chosen) frequency band is firstly divided into a number of subcarriers 1002. The
subcarriers 1002, which will be up-converted into an aggregated sub-band, form a cluster
of consecutive subcarriers. Daté symbols to be transmitted are then allocated to the
cluster of subcarriers and modulated using the single carrier frequency-division multiple
access (SC-FDMA) technique (i.e. module 1004) to generate a single carrier baseband
signal. All such single carrier baseband signals generated by different clusters of
subcarriers are combined by the module 1006 to form the baseband signal for the
frequency band. Finally, the baseband ,sigﬁal is up-converted by module 1008 to the
respective RF carrier. In Fig. 10, thg baseband signal envelopes and the transmitted RF

signal waveform are also illustrated.

A schematic block diagram of a transmitter 1100 which implements the
frequency-domain multicarrier approach of Fig. 10 is shown in Fig. 11, and represents
another form of the transmitter 406 of Fig. 4. Data bits from the sub-stream are firstly
allocated by a module 1102 to different clusters of subcarriers and mapped into data
symbols using symbol constellation mapping techniques such as QAM. A set of data
symbols corresponding to a éluster of s_ubcarriers are then pre-coded by respective
modules 1104y using a discrete Fourief transform (DFT) matrix to form a new set of pre-
coded data symbols. After performing.suc’h pre-coding for all clusters of subcarriers, an
inverse fast Fourier transform (IFFT) of size equal to the total number of subcarriers
(including the null subcarriers in unallocated RF channels) is performed by a module
1106 to produce the time-domain baseband signal. The IFFT module 1106 automatically
realises the combination of the multiple SC-FDMA signals, so the combining process
1006 shown in Fig. 10 .is inhefeht in the transmitter 1100. After parallel-to-serial
conversion (P/S) in module 1108 and cyclic prefix (CP) insertion or zero-padded (ZP)
suffix appending in a module 1110, an orthogonal frequehcy-division multiplexing

(OFDM) type symbol is generated. This signal generation process is termed ASB-
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OFDM. The ASB-OFDM symbol is converted into an analogue signal by a dual digital-
to-analogue converter (D/A) 1112, up-converted to the RF frequency band by module
1114, and finally amplified by a power amplifier 1116 to generate the RF signal for the
frequency band.

The corresponding receiver léOO to receive the signal generated by the
transmitter 1100 using ASB-’OFDM"is shown in Fig. 12, as another form of the receiver
502 shown in Fig. 5. Similarly to the receiver 900 using ASB-FDMA, the received
multiband RF signal is fifst passed throUgh a BPF 1202 to obtain the RF signal in the
specified frequency band and then amplified by an LNA (not shown). However, the
amplified signal is then shifted into baseband by a down conversion module 1204 and
converted into digital domain by a dual analogue-to-digital converter (A/D) 1206 to
obtain the received ASB-OFDM symbol. Before further processing, the CP of the
received ASB-OFDM symbol will be removed (if CP is inserted in ASB-OFDM symbol
at the transmifter) or an overlép-add (OLA) op.eration will be performed to the received
ASB-OFDM symbol (if ZP is appende_d in-ASB-OFDM symbol at the transmitter) by a
processing module 1208. The resulting ASB-OFDM symbol is then converted into the
frequency-domain after serial-to-parallel conversion (S/P) by a processing module 1210
and fast Fourier transform (FFT) by a transform module 1212. In the frequency-domain,
the subcarriers are grouped into clusters according to the aggregated sub-band .
arrangementin the frequency band. Ea}ch. cluster of subcarriers is then equalized by a
respective proéessing module 1214y to coﬁ;pensate for the propagation channel effects
and decoded using an inversé DFT (I‘DFT)'matrix to recover the data symbols transmitted
in the corresponding aggregated sub-band. All the recovered data symbols are finally
demapped by a processing module 1216 into data bits and combined to form the received

data sub-stream.

The up-conversion and down-conversion modules may use an appropriate IF

stage to accommodate different implcmenté.tion cost and complexity requirements.

The above different embodiments for the transmitter and receiver apply to all the
frequency bands considered in the multiband ASB transceiver 202, 234. However, the
RF channel bandwidth and assignment as well as the aggregated sub-band arrangement,

can be different for different frequencY bands. The system parameters such as the total



20

25

30

35

WO 2011/009157 ‘ PCT/AU2010/000854
12

number of aggregated sub-bands, the total number of subcarriers, and the subcarrier

frequency spacing can be also different for different frequency bands.

A third embodiment to realise a multiband multi-channel transmitter 1300 is
illustrated in Fig. 13, where the tranSmittef baﬁdwidth covers all the Ny frequency bands
to provide full capability and ﬂexibilify in aggregating radio spectral resources and
offering high data transmission rates. In this embodiment, the baseband is centered about
the DC but the bandwidth is wide enough to accommodate the entire transmitted signal
bandwidth over multiple ﬁequency bands. The baseband is first divided into a number of
subcarriers. The subcarriér spacing is fine enough to distinguish sub-bands (i.e. at least
one subcarrier per sub-band). The sub-carriers fall in unallocated sub-bands and/or bands
are nulled. Data to be transmitted are scrambled, encoded, interleaved by a module 1302,
and then fed to an OFDM-type modulator 1304 to generate a modulated digital baseband
signal. Only the subcarriers in the allocated sub-bands are modulated by the data
symbols. The digital baseband signal is further upconverted by a module 1306 to the
transmit frequency band. To reduce interference in unallocated frequency bands and/or
sub-bands, a bandpass filter bank 1308 is used after frequency upconversion. The filtered
RF signal is finally power arﬁpliﬁed and tfansmitted by a wide bandwidth antenna.

The OFDM-type mbdulator 1304 has a structure similar to that shown in Fig. 11
but with more subcarriers to cover a wider bandwidth. Encoded data are mapped on to
the valid subcarriers in the allocated sub-bands. Techniques for PAPR reduction, such as
the frequency domain pre-coding mentioned in the second embodiment, may be also
applied. Modulated subcarriers including all nulled subcarriers are transformed to time
domain signal samples via IFFT. After P/ S CP insertion or ZP appending, and D/A, the

analogue baseband 51gna1 is formed

The frequency upconversion may use direct conversion with the In-
phasé/Quadrature (I/Q) architecture for shifting the complex baseband signal to RF
signal. Alternatively, a real digital IF signal may be generated by the OFDM-type
modulator 1304 and then upconverted to the‘transmit frequency band using a single

mixer.

The corresponding multiband multi-channel receiver (not shown) operates in a

reverse direction to that described in Fig. 13. The received RF signal is first filtered by a
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bandpass filter bank to obtain the signal in allocated sub-bands in all frequency bands,
and then downcconverted to baseband. The baseband signal is processed by an OFDM-
type demodulator to recover the coded data bits. The coded data bits are then

deinterleaved, decoded and descrambled to recover the original uncoded data bits.

The OFDM-type demodulator will have a similar structure to that shown in Fig.
12. After A/D, CP removal or OLA, and S/P, FFT is performed to the received digital
baseband samples to transform the baseband signal to frequency domain. Equalisation is
then performed for subcarriers in all sub-bands, and finally the uncoded data bits are

recovered.

The frequency downconversion may also use direct conversion with I/Q
architecture to shift the RF signal to complex baseband signal, or, use a single mixer to
shift the RF signal to an IF signal which is then digitised for processing by the OFDM-

type demodulator.

In all of the above embodiments of a high data rate wireless transceiver, the sub-
band aggregation is dynamically performed, i.e., given the information about the
frequency band and sub-band assignment, the transceiver can automatically adjust the
system parameters and/or reconfi gure the tiardware to achieve better performance. For
examplé,‘wheh thev tranSmiftef buffer is full or nearly full, the incoming data needs to be
transmitted at the highest data rate. In this case, all available sub-bands are aggregated
and used for data transmission. When the transmitter buffer is nearly empty, there are
less data to be transmitted and the data rate is low. In this case, fewer sub-bands can be
aggregated and used for data transmission; the minimum number being two. In general,
the number of aggregated sub-bands, the number of sub-bands in an aggregated sub-band,
and the number of frequency bands can be dynamically selected according to the data rate
requirement. It may be the case that data will not be modulated into symbols in all
aggregated sub-bands at any given instant, again depending upon data rate requirements.
Other system parameters such as the coding rate and modulation type can be also

determined or adjusted according to different sub-band aggregation schemes.

The foregoing describes some embodiments that are illustrative and not

restrictive on the scope of the invention.
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Claims:

1. A wireless data communications method comprising:

grouping adjacent sub-bands from among a set of transmission radio frequency
channels assigned to a terminal into a plurality of aggregated sub-bands;

single carrier modulating data symbols in at least some of said aggregated sub-
bands; and '

combining said modulated signals into a multi-carrier signal.

2. A wireless data communications method comprising:

grouping adjacent Sub-bands from among transmission radio frequency sub-
bands within a plurafity of discrete channels aési gned to a terminal into a plurality of
aggregated sub-bands;

single carrier modulating data symbols in at least some of said aggregated sub-

bands;
frequency upconverting said single carrier modulated signals; and
combining said upconverted signals into a multi-carrier signal.

3. A method according to claim 1 or claim 2, wherein said single carrier

modulation is a form of multilevel phase shift keying or quadrature amplitude

modulation.

4. A method according to claim 1 or claim 2, wherein said single carrier

modulation is a form of frequency diviéibn»multiple access modulation.
5. A niethod according to any one of the preceding claims, wherein said plurality of
aggregated sub-bands is varied in number in a range extending from between one of and

all of said assigned channels as data rate increases.

6. A method according to any one of the preceding claims, wherem data symbols

are modulated in all of said plurallty of aggregated sub-bands.

7. A transmitter comprising;
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a module configured to group adjacent sub-bands from among a set of
transmission radio frequency channels assigned to a terminal into a plurality of
aggregated sub-bands;

a single carrier modulator configured to modulate data symbols in at least some
of said aggregated sub-bands; and !

a module configured to combine said single carrier modulated signals into a

multi-carrier signal.

8. A transmitter according to claim 7, further comprising a frequency conversion
module configured to up-convert said single carrier modulated signals or said multi-

carrier signal.

9. A transmitter according to claim 7 or claim 8, wherein said modulator is
configured to perform a form of multilevel phase shift keying or quadrature amplitude

modulation.

10. A transmitter according to claim 7 or claim 8, wherein said modulator is

configured to perform a form of frequency division multiple access modulation.

11. A transmitter according to any one of claim 7 to claim 10, wherein said grouping
module varies in number said plurality of aggregated sub-bands in a range extending from

between one of and all of said assigned channels as data rate increases.

12. A transmitter according to any one of claim 7 to claim 11, wherein said

modulator modulates data symbols in all of said plurality of aggregated sub-bands.

13. A transceiver comprising:
a transmitter including:

a module configured to group adjacent sub-bands from among a set of
transmission radio frequency sub-bands assigned to a terminal into a plurality of
aggregated sub-bandé; ' |

a single carrier modulator §0nﬁgured to modulate data symbols in each
said aggregated sub-band; and

a modulé configured vto combine said single carrier modulated signals

into a multi-carrier signal; and



20

WO 2011/009157 PCT/AU2010/000854
16

a receiver including:

a module configured to separate a received multi-carrier signal into a
plurality of single carrier modulated signals; and

a-module configured to demodulate each said single carrier modulated

signal into data symbols.

14. A transceiver according to claim 13, further comprising a frequency conversion
module configured to up-convert said single carrier modulated signals or said multi-

carrier signal.

15. A transceiver according to claim 13 or claim 14, wherein said modulator is
configured to perform a form of multilevel phase shift keying or quadrature amplitude

modulation.

16. A transceiver according to claim 13 or claim 14, wherein said modulator is

configured to perform a form of frequency division multiple access modulation.

17. A transceiver according to ahy one of claim 13 to claim 16, wherein said
grouping module varies in number said plurality of aggregated sub-bands in a range

extending from between one of and all of said assigned channels as data rate increases.

18. A transceiver according to any one of claim 13 to claim 17, wherein said

modulator modulates data symbols in all of said plurality of aggregated sub-bands.
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