- 1 - Technique for Transmtting on Miultiple Frequency Resources in a

Tel ecomruni cati on System TECHNI CAL FI ELD S The present invention relates to
a nmethod and arrangenent in a tel econmuni cation system in particular to a
techni que for handling the aggregation of nultiple frequency resources in
an evol ved Universal Terrestrial Radio Access Network or simlar

t el ecommuni cati on network. 10 BACKGROUND The Long- Term Evol ution (LTE) of
the Universal Terrestrial Radio Access Network (UTRAN), al so denoted

E- UTRAN, as standardized in Rel-8 of the;3rd Generation Part- isProject
(3GPP) specifications supports transm ssion bandwi dths up to 20 MHz. In the
downl i nk, LTE uses conventional Othogonal Frequency Division Miltiplexing
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BACKGROUND

The Long-Term Evolution (LTE) of the Universal Terrestrial Radio Access Network
(UTRAN), also denoted E-UTRAN, as standardized in Rel-8 of the 3rd Generation Part-

15 nership Project (3GPP) specifications supports transmission bandwidths up to 20 MHz.
In the downlink, LTE uses conventional Orthogonal Frequency Division Multiplexing
(OFDM) as the transmission scheme. OFDM provides benefits, e.g. it is robust to time
dispersion, but has also some drawbacks, most notably a relatively high peak-to-
average power ratio (PAR) of the transmitted signal.

20 .
Power amplifiers have to be designed to meet peak transmission power requirements
while still meeting network requirements regarding the average output power (for
example, determining the achievable data rate and coverage). The difference between
the peak power and the average power determines the so-called amplifier back-off and

25 is thus a measure on how much the power amplifier needs to be “over dimensioned”
(or, equivalently, how much is lost in coverage when using the same amplifier but a
lower-performance transmission scheme).

A high PAR implies a larger power back-off in the power amplifier, that is, the power

30 amplifier cannot be used to its full extent. The Cubic Metric (CM) is another, generally
more accurate metric, that can be used to represent the amount of back-off required in
the power amplifier. In the following, the term “power amplifier metric” (denoting, e.g.,
PAR, CM, or any other appropriate measure) is used which shall be generally under-
stood as a measure representing the impact of the difference or ratio between the

35 peak power and the average power on the power amplifier design.



nore accurate netric, that can be used to represent the anount of back-off
required in the power anplifier. In the follow ng, the term "power
anplifier netric" (denoting, e.g., PAR, CM or any other appropriate
measure) is used which shall be generally understood as a neasure
representing the inpact of the difference or ratio between the 35peak power
and the average power on the power anplifier design. - 2 - In the uplink,
a high power anplifier netric can | ead to reduced coverage, higher battery
consunption, and/or nore expensive inpleyentation. Therefore, for the
uplink, LTE has adopted a single-carrier transm ssion schene with | ow power
anplifier nmetric known as DFT (Discrete Fourier Transform-spread OFDM
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i nserfed subsequent to OFDM nodul ati on. The use of a cyclic prefix allows
for strai dfedubationrsynamis i@htshowndh Figvi apMphedulatorf syenbais)Gire piRitd DFT
equal i zat icodeP108 BRd HREBULHAE oFDEF codt 105 is mapped to selective inputs of OFDM
modulator 110. Examples of OFDM modulators comprise an Inverse Fast Fourier
Transform (IFFT). The output of OFDM modulator 110 contains the data of modula-
25 tion symbols 101 ("OFDM symbols”) and is amplified by power amplifier 120 for
transmission over carrier 125,

The DFT size, for example the size of the DFT performed by DFT coder 105, deter-
mines the instantaneous bandwidth of the transmitted signal while the exact map-
30 ping of the DFT coder output to the input of the OFDM modulator 110 determines
the position of the transmitted signal within the overall uplink transmission band-
width. Similar to conventional OFDM, a cyclic prefix is inserted subsequent to OFDM
modulation. The use of a cyclic prefix allows for straightforward application of low-
complexity frequency-domain equalization at the receiver side.
35
In order to meet requirements for International Mobile Telecommunications-Advan-
ced (IMT-Advanced), 3GPP has initiated work on LTE-Advanced. One aspect of LTE-



- 3 - Advanced is to devel op support for bandw dths |arger than 20 MHz.

Anot her aspect is to assure backward conpatibility with LIE Rel-8. Backward
conpatibility also includes spectrum conpatibility. Thus, in one exenplary
i mpl enentation, to allow for back- wards conmpatibility wwth LTE Rel -8, an
LTE- Advanced spectrumor carrier that is 5w der than 20 MHz may appear as a
nunber of separate LIE carriers to an LIE Rel-8 termnal. Separate LTE
carriers may be referred to as different frequency resources. Thus, each
Rel -8 LTE carrier can be referred to as_g_single frequency resource. For
early LTE- Advanced depl oynents, it can be expected that there will be a
smal | er nunber of LTE-Advanced-capable term nals conpared to many LTE
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resourtes FIEAUSHE reseafcesZdHdnihice dudal lpeated pexstoragh sehrirsatasdotie Csmect rum
gaps 320 atiguogd. Ia@Re specific example of Fig. 2, each frequency resource has a bandwidth
of 20 MHz. Together, the five frequency resources 210 shown in Fig. 2 aggregate to
an aggregated bandwidth of 100 MHz. The frequency resource aggregation shown in
Fig. 2 requires that the operator has access to a contiguous spectrum allocation
25 which can be divided to achieve the number of aggregated frequency resources.
While in the drawings frequency resources are shown having a bandwidth of 20 MHz,
this is for purpose of illustrating a backwards compatible spectrum allocation. Gener-
ally, individual frequency resources may have any bandwidth depending upon the
number of included subcarriers.
30
To provide additional spectrum flexibility, LTE-Advanced may also support aggrega-
tion of non-contiguous spectrum fragments, which may be referred to as spectrum
aggregation, an example of which is illustrated in Fig. 3. In the particular example of
Fig. 3, five frequency resources 210 are spectrum aggregated to provide an aggre-
35 gated bandwidth of 100 MHz. One or more frequency resources 210 are separated
by spectrum gaps 320 which separate the one or more frequency resources 210 such
that those frequency resources 210 separated by spectrum gaps 320 are not con-



- 4 - tiguous. Spectrum aggregation allows for the flexible addition of
spectra for transm ssion. For exanple, an operator may bring into use

di fferent spectrumfragnents over tine depending upon availability for use
by the operator. 5The DFTS-OFDM property of a relatively | ow power
anplification nmetric should be maintained as nmuch as possi bl e when
extendi ng the transm ssion bandw dth across nultiple frequency resources,
as for exanple, part of achieving or adding spectra to an UTE- Advanced
system (e.g., having a spectrum allocatjgn such as that shown in Fig. 3).
To achi eve a systemoperable to inplenent Lit-Advanced by extending the
transm ssion bandw dth across nultiple frequency resources, the structure
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coder 105 and OF nodul ator 110 aré scaled to match 30t he | arger

bandwi dth. The output of OFT coder 105 is connected to the input of OFDM
nmodul at or Fig 4 iBacxhematit dlustratian efereaxgmpleshsudea generalized thensnyliat i guous
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lator 110 before the output is amplified by power amplifier 120 for transmission over
20 different frequency resources 410a, 410b.

As shown in Fig. 4, transmitter stage 400 may be operable to receive modulation
symbols 401 for transmission on frequency resources 410a, 410b substantially simul-
taneously. As can been seen from Fig. 4, frequency resources 410a and 410b are

25 separated by spectrum gap 420 and are hence non-contiguous. As also shown in Fig.
4, each frequency resource 410 has a bandwidth of 20 MHz, thus the spectrum ag-
gregation of the two frequency resources yields a total bandwidth of 40 MHz.

In the system of Fig. 4, DFT coder 105 and OFDM modulator 110 are scaled to match
30 the larger bandwidth. The output of DFT coder 105 is connected to the input of
OFDM modulator 110. Because the two frequency resources 410 are not contiguous
in frequency, zeros will be input to OFDM modulator 110 to allow for gap 420. In one
embodiment of a possible future extension, the control signaling on the Physical
Uplink Control Channel (PUCCH) may be located at each of the band edges of the
35 LTE uplink, that is, for example, at the band edges of each frequency resource.



- 5 - The structure shown in Fig. 4 is sonetines referred to as Clustered
DFTS- OFDM (CL- DFTS-OFDM), where the termclustered refers to the fact that
t he frequency resources are not necessarily contiguous in frequency but

| ocated cl ose to each other. The power anplifier nmetric of the generated
signal is higher than that of conventional DFTS-OFDM as shown, for
exanple, in Fig. 1, but still |ow conpared to OFDM and i ncreases with the
nunber of clusters. SUVWMARY | oAccordingly, it is an object to provide a
techni que to reduce the power anplifier_@qtric in an LTE- Advanced or
simlar systemrelying at least in part On non-contiguous frequency
resources. To this end, according to a first aspect, a nethod of
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distinct fromthe set of frequency resources used to transmt the first set
of nodul at iSUMMARY| s. The out put of the OFDM nodul ator carrying the first
set of nodul ation synmbols to be transmtted over the set of fre- 25quency
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achi eved. Amquresgutcesanot her aspect, a systemoperable to inplenent the
above net hod 30i ncI udes a transmtter stage adapted to transmt nodul ation
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For exanpl eQn my tmi@fraetp%w resqusces lérd@ﬁ@'rthedr The ﬁ@h%wcm@ aa@lya\gfa PET DFT
coder op- coding per set of modulation symbols of two or more sets of modulation symbols,
wherein a first set of modulation symbols from the two or more sets of modulation
symbols is to be transmitted on a set of frequency resources handled by the same
power amplifier. Then, OFDM modulation is applied to the sets of DFT coded modula-
20 tion symbols to output a first set of OFDM symbols for transmission on a set of fre-
quency resources, and to output another set of OFDM symbols for transmission on at
least one frequency resource distinct from the set of frequency resources used to
transmit the first set of modulation symbols. The output of the OFDM modulator
carrying the first set of modulation symbols to be transmitted over the set of fre-
25 quency resources is amplified by a power amplifier exclusive of the power amplifica-
tion of the output to be transmitted over other frequency resources. Thus, power
amplification per set of frequency resources is achieved.

According to another aspect, a system operable to implement the above method

30 includes a transmitter stage adapted to transmit modulation symbols on multiple
frequency resources. The functionality of the transmitter stage may be implemented
with multiple stages and components.

For example, in one aspect, the transmitter stage may include a first DFT coder op-
35 erable to receive modulation symbols to be transmitted and a second DFT coder

operable to receive modulation symbols to be transmitted on a set of frequency

resources. A first OFDM modulator is associated with said first DFT coder and cou-



35 erable to receive nodul ation synbols to be transmtted and a second OFT
coder operable to receive nodul ation synbols to be transmtted on a set of
frequency resources. A first OFDM nodul ator is associated with said first
OFT coder and cou- - 6 - pled to said first DFT coder to receive output
fromthe first OFT coder, and operable to output OFDM synbol s for

transm ssion on at | east one frequency resource distinct fromthe set of
frequency resources. The transmitter stage further includes a second OFDM
nodul at or associ ated with the second DF_'I'6goder and coupled to the second
5DFT coder to receive output from said second OFT coder, and operable to
out put OFDM synbol s for transm ssion on the set of frequency resources. A
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exanpl e, wspgteesmy or may not be inplenented, the above-descri bed
25transmtter stage may further conprise a third DFT coder operable to

Fesour ces. ibPErTPi Wiy Tk d, MRviif AR thiddé AbAudRaRbia Rty ted §.CVCY
resour ces &hetethsiquas distiosed hergin iy serve tuupieyiderfasibar Bsstionalily and ﬁgfﬂid OFDM
nmodul gt or ¢pHal fedturés.said third DFT coder to receive output fromsaid third

OFT coder, and operable to output OFDM 30 synbols for transm ssion on the

second set of frequency resources. Athird power anplifier may be coupled
to recei ve Fohexanpigueady frequencnrespuIEDNBYHaVe aseectaws bapdwidsh spamningdl i fy

the recei vegqaeh@tfangecoimpatisialin dhAdwidtivto & xelsmrmmunichBsmsysedm Gpettrurai ng
the above- deRah i Irid RN Bindwid#EmaTbe Befined by the spectrum (e.g., carrier)
20 bandwidth of a legacy telecommunication system. In the exemplary case of an LTE-
Advanced system, each frequency resource may thus be defined by the spectrum
bandwidth of an LTE system (of typically 1.25/2.5, 5, 10, 15 or 20 MHz).

In a further example, which may or may not be implemented, the above-described

25 transmitter stage may further comprise a third DFT coder operable to receive modu-
lation symbols to be transmitted on a second set of frequency resources, wherein the
frequency resources of the second set of frequency resources are distinct from the
other frequency resources, and a third OFDM modulator coupled to said third DFT
coder to receive output from said third DFT coder, and operable to output OFDM

30 symbols for transmission on the second set of frequency resources. A third power
amplifier may be coupled to receive the output of the third OFDM modulator and
operable to amplify the received output for transmission.

For example, a terminal comprising the above-described transmitter stage may be

35 operable to negotiate with the network, be instructed by the network or decide
autonomously to use the second (or any further) DFT coder and/or transmit on a set
of frequency resources. In addition, in some implementations, the second DFT coder



350perable to negotiate with the network, be instructed by the network or
deci de autononously to use the second (or any further) OFT coder and/or
transmt on a set of frequency resources. In addition, in sone

i mpl enent ations, the second DFT coder - 7 - is coupled to receive

nodul ati on synbols froma demul tipl exing stage. The second power anplifier
may further be coupled to receive the output of the second OFDM nodul at or
through a cyclic-prefix insertion stage operable to insert cyclic-prefixes
in said output fromsaid second OFDM nodul ator. 5 Denul ti pl exi ng one or
nore inputs may be used to input nodul ation synbols to DFT coders. Because
frequency resources nay be aggregated across a frequency spectrumin a
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Furthermore, aspects of the present invention also support the use of non-conti-
guous spectrum fragments. Non-contiguous frequency resources may be allocated

20 from non-contiguous spectrum fragments (in, e.g., different frequency bands) as
spectrum is used by or made available to an operator. Individual power amplifiers
may be associated with individual continuous or non-contiguous frequency resources
or sets of continuous, non-contiguous frequency resources. Thus, in one example,
OFDM modulator output for transmission over a non-contiguous frequency resource

25 or a set of non-contiguous frequency resources may be amplified per power ampli-
fier, thus yielding a relatively low power amplifier metric per power amplifier.

The techniques presented herein may be realized in the form of software, in the form
of hardware, or using a combined software/hardware approach. As regards a soft-

30 ware aspect, a computer program product comprising program code portions for
performing the steps presented herein when the computer program product is run on
one or more computing devices may be provided. The computer program product
may be stored on a computer-readable recording medium such as a memory chip, a
CD-ROM, a hard disk, and so on. Moreover, the computer program product may be

35 provided for download onto such a recording medium.



30war e aspect, a conputer program product conprising program code portions
for perform ng the steps presented herein when the conputer program product
IS run on one or nore conputing devices may be provided. The conputer
program product nmay be stored on a computer-readabl e recordi ng nmedi um such
as a nenory chip, a CO-ROM a hard disk, and so on. Mreover, the conputer
program product nmay be 35provi ded for downl oad onto such a recording
medium - 8 - BRI EF DESCRI PTI ON OF THE DRAW NGS Furt her aspects and
advant ages of the techni ques presented hgrein w |l beconme apparent fromthe
foll ow ng description of enbodi nents and t he acconpanyi ng 5draw ngs,
wherein: Fig. 1 schematically illustrates an exanple transmtter
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DETAI LED D&g@%ﬁg%f@ﬂénéﬁreséu@& p quency

10 Fig. 2 illustrates an example of carrier aggregation over a contiguous spectrum.
Fig. 3 illustrates an example of carrier aggregation over a non-contiguous spectrum.

Fig. 4 schematically illustrates an example transmitter implementation for transmit-
15 ting on multiple frequency resources.

Fig. 5 shows a flow diagram of a method embodiment for implementing a transmitter
operable to transmit on multiple frequency resources.

20 Fig. 6 schematically illustrates an embodiment of a transmitter implementation for
transmitting on multiple frequency resources.

Fig. 7 shows a flow diagram of a method 'embodiment for transmitting on multiple
frequency resources.

25
DETAILED DESCRIPTION

In the following description of preferred embodiments, for purposes of explanation

and not limitation, specific details are set forth (such as particular transmitter stage
30 components and sequences of steps) in order to provide a thorough understanding

of the present invention. It will be apparent to one skilled in the art that the present

invention may be practiced in other embodiments that depart from these specific

details. It is evident that the techniques presented herein are not restricted to be

~ implemented in LTE-Advanced systems exemplarily described hereinafter but may

35 also be used in conjunction with other telecommunication systems.



In the follow ng description of preferred enbodi nents, for purposes of

expl anation and not limtation, specific details are set forth (such as
particular transmtter stage 30conponents and sequences of steps) in order
to provide a thorough understanding of the present invention. It will be
apparent to one skilled in the art that the present invention may be
practiced in other enbodinents that depart fromthese specific details. It
is evident that the techniques presented herein are not restricted to be

i npl emented in LTE- Advanced systens exenpl.arily described hereinafter but
may 35al so be used in conjunction with other telecommunication systens. -
9 - Mreover, those skilled in the art will appreciate that the functions
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LTE- Advanc ystens have the potential to transmt upon nultiple frequency
resources, the individual frequency resources having the potential for

di ffer®8&nt bandw dt hs. Exanpl es of resource bl ocks are further discussed in
t he 3GPP Tedbrei gemlerdBpes iffdqoandyoresderc2 ay/Be thaughloDas a5¢ries of resource

blocks having a bandwidth spanning a portion of a spectrum and existing for a span
of N consecutive symbols in the time domain. Such time domain symbols may be
OFDM (e.g., SC-FDMA) symbols, and the bandwidth of the resource block may span
25 or include M consecutive subcartiers. Thus a resource block is a block of NxM re-
source elements. Accordingly, LTE-Advanced systems have the potential to transmit
upon multiple frequency resources, the individual frequency resources having the
potential for different bandwidths. Examples of resource blocks are further discussed
in the 3GPP Technical Specification 36.211 V8.7.0 (2009-05).
30
As described previously in the Background Section, to achieve an LTE-Advanced
system, transmitter stage 100 depicted in Fig. 1 may be generalized to allow for
" transmission on muitiple frequency resources substantially simultaneously, as, for
example, shown in Fig. 4. As further previously discussed, a generalized transmitter
35 stage, such as that shown in Fig. 4, exhibits an increasing power amplifier metric as
the number of frequency resources scheduled for or handled by the transmitter in-
creases. The increasing power amplifier metric requires that a correspondingly larger



30 As described previously in the Background Section, to achieve an

UTE- Advanced system transmtter stage 100 depicted in Fig. 1 may be
generalized to allow for transm ssion on nmultiple frequency resources
substantially simultaneously, as, for exanple, shown in Fig. 4. As further
previ ously discussed, a generalized transmtter 35 stage, such as that
shown in Fig. 4, exhibits an increasing power anplifier netric as the
nunber of frequency resources schedul ed for or handled by the transmtter
increases. The increasing power anplifiefgoetric requires that a
correspondingly larger - 10 - power back-off has to be built into the
power anplifier of the generalized transmtter stage shown in Fig. 4.
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A terminal operable to transmit on multiple frequency resources, such as, for exam-
ple, in the uplink, is provided. The frequency resources are divided into sets such
that a limited number of frequency resources form a set: output to be transmitted on
each set will later be amplified for transmission using different power amplifiers, one
30 power amplifier per set, as discussed above. Frequency resources in each set are
transmitted on utilizing clustered DFTS-OFDM (CL-DFTS-OFDM) with different CL-
DETS-OFDM modulators used for the different sets. Such a structure can be referred
to as Multi-Carrier CL-DFTS-OFDM (MC-CL-DFTS-OFDM). Fig. 6 schematically illus-
trates an example of such an MC-CL-DFTS-OFDM system that may be implemented
35 in a terminal such as a mobile telephone, a data card or a portable computer.



35in a termnal such as a nobile tel ephone, a data card or a portable
conputer. Fig. 5is a flow diagram of a nethod enbodi nent for operating a
transmtter stage 600 as shown in Fig. 6. At step 501, nultiple DFT coders
605 are provided. At step 502, nultiple OFDM nodul ators 610 are |i kew se
provi ded. At step 503, the DFT coders 605 are coupled to their respective
associ at ed OFDM nodul ators 610. At step s 504, nultiple power anplifiers
are provided and at step 505, the OFDM nodul ators 610 are coupled to their
respective associated power anplifiers 62p-. Thus yielding the transmtter
stage 600 shown in Fig. 6. Referring to Fig. 6, in transmtter stage 600,
each DFT coder 605 is coupled to an toassoci ated OFDM nodul at or 610 whi ch
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W th asDFT reduces the power anplification metric. This reduces the anmount
of back- of fad %ﬁ%é §‘één' m% Vg, Bdh irtfARGUS poWER biiplifESe AP SmpRTRI OfNg out put
from OFDM erOlcajulélator outpu or transmission over a set of frequency resources. As can further
be seen from Fig. 6, the DFT coding of DFT coders 605 is applied per set of fre-
quency resources such that modulation symbols coded by a DFT coder 605 are
20 transmitted on a set of frequency resources located closely to each other in fre-
quency (e.g., in the same frequency band). Thus, a DFT coding is applied per set of
frequency resources and data output on a set of frequency resources is individually
amplified by an associated power amplifier. Each set of frequency resources can have
a limited number of frequency resources such that a DFT coding and corresponding
25 OFDM modulation is applied per a limited set of frequency resources. By applying
DFT coding and OFDM modulation per a limited number of frequency resources, the
power amplification metric is reduced. More particularly, in one aspect, reducing the
number of non-contiguous frequency resources coded with a DFT reduces the power
amplification metric. This reduces the amount of back-off required in individual

30 power amplifiers 620 receiving output from OFDM modulators 610.

In one optional aspect, the frequency resources forming a set of frequency resources
are contiguous frequency resources in the same frequency band. This may also re-
duce the power amplification metric.
35 .
As shown in Fig. 6, a stream of modulation symbols is provided to DFT coders 605 by
a demultiplexing stage 601. In an optional aspect, demultiplexing stage 601 can



In one optional aspect, the frequency resources formng a set of frequency
resources are contiguous frequency resources in the sane frequency band.
This may al so reduce the power anplification nmetric. 35 - 12 - supply
nodul ati on synbols to each of DFT coders 605 such that each DFT coder 605
may be operable to output coded nodul ati on synbols to its associ ated OFDM
nodul ator 610 to allow the OFDM nodul ators 610 to output OFDM synbols for
transm ssion on frequency resources substantially sinultaneously. For
exanpl e, denulti- splexing stage 601 mayjsupply nodul ation synbols to DFT
coder 605b. DFT coder 605b may apply a DFT coding to the nodul ati on synbol s
and pass the DFT-coded nodul ati on synbols on to associ ated OFDM nodul at or
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frequency rgspeurces such that each power anplifier 620 anplifies output for

transmi ssion over an associ ated set of frequency resources. Referring to
Fig. 6° power anplifier 620a anplifies output from OFDM nodul ator 25610a

for transnifigibis aflew diagsemah @ymebed ankodipent foppasmiHpg Modelatign Gym-
anpl i fies mdfwhich may GelPdriopsiel aititzing dQkarfsatittér stagarbuch astransenittehstaget  of

resour ce” 6200 HRBIEPFHIR 1 71 of 6200 anpl i {1 66 out put from CFOM modul at or
610c for transm ssion over the set of frequency resources conprising
frequescy rmspen 261,6P0HT 20ding ieapistied\by BFT S6tars 608 pabSet. of Bpmbulsdothiee set s
of frequenqy, [GRQ4E 66 %hé 9dotfefsdt dFirfetdeRty REbuRES. At step 702, OFDM modu-

lation is applied by the respective OFDM modulators 610 per set of DFT coded sym-

bols to output sets of OFDM symbols for transmission on sets of frequency resources.

At step 703, a cyclic-prefix is inserted at cyclic-prefix insertion stage 615. At step

20 704, power amplifiers 620 amplify modulator output for transmission over sets of
frequency resources such that each power amplifier 620 amplifies output for trans-
mission over an associated set of frequency resources.

Referring to Fig. 6, power amplifier 620a amplifies output from OFDM modulator

25 610a for transmission over frequency resource 650a. Power amplifier 620b amplifies
output from OFDM modulator 610b for transmission over the set of frequency re-
sources comprising frequency resource 650b and frequency resource 650c. Power
amplifier 620c amplifies output from OFDM modulator 610c for transmission over the
set of frequency resources comprising frequency resource 650d and frequency re-

30 source 650e. Because the sets of frequency resources include a limited number of
frequency resources, each DFT coding, OFDM modulation and power amplification is
applied per a limited number of frequency resources, reducing the power amplifica-
tion metric per power amplifier.

35 Frequency resource 650a is separated from the frequency resources associated with
power amplifier 650b by gap 660a. Similarly, the frequency resources associated with
power amplifier 650b are separated from the frequency resources associated with



frequency resources, each DFT codi ng, OFDM nodul ati on and power
anplification is applied per a limted nunber of frequency resources,
reduci ng the power anplification netric per power anplifier. 35Frequency
resource 650a is separated fromthe frequency resources associated with
power anplifier 650b by gap 660a. Simlarly, the frequency resources

associ ated with power anplifier 650b are separated fromthe frequency
resources associated with - 13 - power anplifier 650c by gap 660b. Thus,
frequency resources 650 may be spectrumpEggregated to achi eve an aggregated
bandw dth for the transm ssion of nodul ation signals or other data
utilizing transm ssion stage 600 of Fig. 6. According to a further aspect,

a transm t {Rived bR f@raé‘jd%%ysﬁtﬁ%(&ﬂmﬁs UeBey ?é%o\/}fﬁefifGS@W\PBé npne of

the transmitter es . shown | i: he sel ect whi ch
(he iramsm LS R SehveyE anAgkyeeres Padavrtitey e faRemEroR At g HI?&'Pnof
frequency rsignalsrarestherdeta attitizngrraasmission shegeubtooftfag.té.ansmi t  upon. For
exanple, in the event that a termnal has sufficient individual power

amplifiers to 113anpl | nmodul ati on ouf put for trans each
e hetuF o ARRIIRAD 3 Birther Sebechat UPBTHIIE) StagRica0Ibe S sEd SoBNedd on the

frequency madcuapmexinmayedena oﬁthmtchrtshtn;terastpgesf sheen iorfég.f4 egignG.yThreesour ce
per pover agpl4ibd 6f whith s%eeﬁ@@o Se RS AR n%afngr%,%swm%aé péifd &Pfrfe t han

one frequenc res rces I'n"an alfernati estruct re to be
Used | o detuAIHER O MEANGIEYJRSONESS o 8GR NBdRF CvIAY to ATl o FBE ot ed
per user. Ierxamq)m in the évenbtha s teehinahbahsuffidepteiodividuaepaveemamplifieesied t he

net wor,k mi)é Ho@h%tr&ﬁ'bﬁfbuitf?]e Mraitnfisdioh Pﬁ%a&%cﬁ@dh e%lrfﬁ‘ég{tjreﬁ F@Bh&% For

exa Ie cepari o nunper of _fre enc nal
e hedul dAtidoglaRuRUL e HNEEALE] BH Gty AFSOL BB ORI o e
anplifiers ampirﬁeqh,owmfreqqﬂnc? iresosirceye rgzover amglifies; asmupbs&d)to ring ampfified
transm ssi %g@@@rof% %}@F\é ?rg Hé?&%ésc a‘ﬁ"a‘?ﬂérr@ﬁtrv@ b%%ﬁﬁén?ﬂlmé S

cont (0] et o e enc
P aouS syrgtugh b be S8ed 5 dekging %tﬁ?eruegérrra‘rpoetﬁﬁ@rwﬁae FPaquenty

resourices, catedgpgrluseyi ng sets of frequency resources per power anplifier,
the advantage of a minimzed power anplifier netric is achieved, thus

| | owi f | | fi d _allow duct i
consunpt ofn RGBT gt srbes pehect, e sTiEA BB RS GEBAR Sl weRofke ol n
provi de an vypqr stasttufecho usedos differéntgcamatios. Foramaniple,en asscagerioywberti tihg a 30
power anpl ik ier BB FehGer sét?rc%é)é!"t Rallié %ﬁ@hfeﬁ't@&rdﬁstﬂrﬂ&t Bgeﬁthéh Bte

frequency reso s In her a vanta
i Sl Gboy COIRHPATESVPIRDIG BRSO UeEs S RONGH2BRIER ST FAPATIRRY 1 c. when
transni tti mopdwator eitphkforftrangmission oves @single freqspat mmmg,ge\@glaf therspec-

aggr egat ed ta e édhtiguous.

By applying DFT coding per set of limited number of frequency resources, for exam-

25 ple to a limited number of non-contiguous frequency resources, or amplifying sets of
frequency resources per power amplifier, the advantage of a minimized power ampli-
fier metric is achieved, thus allowing for smaller power amplifiers and allowing for a
reduction in power consumption and power amplifier size. Thus the techniques dis-
closed herein provide an approach for transmitting and a transmitter stage yielding a

30 power amplifier metric that is low when transmitting utilizing multiple frequency re-
sources in an LTE-Advanced system. Further advantages of the disclosed techniques
include maintaining a low power amplifier metric when transmitting over either fre-
quency resource or spectrum aggregation aggregated spectra.

35 The achievement of é low power amplifier metric over the addition of multiple fre-
quency resources allows for an inherently scalable system. Furthermore, because
individual frequency resources are themselves backwards compatible in that they



35The achi evenent of a | ow power anplifier netric over the addition of
multiple fre- quency resources allows for an inherently scal able system
Furt hernore, because individual frequency resources are thensel ves
backwards conpatible in that they - 14 - allow for use with | egacy devices
which may utilize a single frequency resource, a backwards conpatible and
scal abl e system which mnim zes the power anplifier nmetric is achieved. In
addition, this allows for the utilization of non-contiguous spectrum
segnments, thus enabling for the flexibleg4ddition of spectra or changing
spec- strumuse, enhancing systemflexibility. It is believed that many
advant ages of the present invention will be fully understood fromthe
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made in the Torm, constr, on and arrange t o he exenpl ar spects
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sacri fi ci ngnetric inéchi¢vedaiiy additiggsthisBalomaer theeutilinationt dforonceontigeovsaspasd i n
many ways, . ' | j j iddiédeed only
by 1 he scog*eﬁﬂaﬁ%fhs”ﬁFfﬁ%&’&qﬁsﬁﬁé’gérﬁg;ﬂ%fém. R g et

adapt e8 t o tUBMSE: enhAREIRO SYSEM 4SHBiBlYs on nul tipl e conponent carriers,
conprising: 5a first Discrete Fourier Transform (DFT) coder (605a) operable

P eauoncy P EBISOMRNER Aol f SOt APt
from the forgoing description, and it will be apparent that various changes may be
made in the form, construction and arrangement of the exemplary aspects thereof
10 without departing from the scope of the invention or without sacrificing all of its
advantages. Because the invention can be varied in many ways, it will be recognized

that the invention should be limited only by the scope of the following claims.



associated wth said first DFT coder (605a), said first OFDM nodul at or
coupled to said first DFT coder to recqyﬁf_output fromsaid first DFT
coder; toa first power anplifier (620a) Coupled to receive output of said
first OFDM nodul ator and operable to anplify said output for transm ssion
on at | east one conponent carrier (650a); a second DFT coder (605b)
operable to receive nodul ation synbols to be transmtted on a set of
conponent carriers (650b, 650c), wherein the conponent 15carriers of the
set of component carriers (650b, 650c) are non-contiguous relative to each
other and are distinct fromthe at |east one conponent carrier (650a);
a second noduyl at or (610b ssoci ated with said second DET coder
soanted ab

OF ¢ . [
(605b), shid IESBHEE & traeipitenodyation gyRbelsRn mititilsder to
recei ve ogdmpdndntaargeisd compeibihgbFT coder; and 20a second power anplifier
(620h) coupl ed r lve-out of - sai con modul at qr (610b) and
oper dble to an?)h%tﬁg&lege Bﬁlﬂ%%ﬁ @Bﬁfoﬂ'&hﬁ%’ﬁss%qd%ﬁ%@%a‘?%@@?c{f}fr%%wﬁonent
carriers medalatioexymbhols to be transemittednsni tter stage of claim 1, wherein a
conponent carr. | 4 ANl I
conmpatible in %Qﬁ%ﬁ?ﬁgwﬁf}%@%‘?gmﬁwgﬁpgﬁ sflgq @@;ﬁ'@é‘m@n ar@\?\p%fh.
3. The trassoniafeditdrsaie figat Rinkycederdblbms spid firsk ORI meedilates copptedriom
ol ecommut oot rany Eooed t‘d*%sé"*ﬁc‘*%ﬁ? B Y oy of i ms 1
el ecomuni cati gn_ system : S
to 39 Turthor & O AmBitier (6208 rpurBET Eeive bbaer ot o
Emdu lj at i omosiyiabod snd opbrable m]an‘ipﬂifyesiaid@uq;lﬁe‘m:pmnﬁaﬁsﬂﬁn ogratm][onear riers
650d, 65 rej nmponent carriers of the second set of conponent
carriers ‘gﬁp(&ﬁ@ﬁﬁgﬁe# @r%%?he at | east one conponent 35carrier and any
other set of caspeehbFE&godee(G)5b) operable to receive modulation symbols to be
transmitted on a set of component carriers (650b, 650c¢), wherein the component
15 carriers of the set of component carriers (650b, 650c) are non-contiguous relative to
each other and are distinct from the at least one component carrier (650a);
a second OFDM modulator (610b) associated with said second DFT coder
(605b), said second OFDM modulator coupled to said second DFT coder to receive
output from said second DFT coder; and
20 a second power amplifier (620b) coupled to receive output of said second
OFDM modulator (610b) and operable to amplify said output for transmission on said
set of component carriers (650b, 650¢).

2. The transmitter stage of claim 1, wherein a component carrier has a spectrum
25 bandwidth spanning a frequency range compatible in bandwidth to a
telecommunication system spectrum bandwidth.

3. The transmitter stage of any of claims 1 to 2, wherein the spectrum bandwidth is
defined by the spectrum bandwidth of a legacy telecommunication system.

30
4. The transmitter stage of any of claims 1 to 3, further comprising:

a third DFT coder operable to receive modulation symbols to be transmitted
on a second set of component carriers (650d, 650e), wherein the component carriers
of the second set of component carriers are distinct from the at least one component

35 carrier and any other set of component carriers;



- 16 - a third OFDM nodul ator (610c) associated with said third DFT
coder, said third OFDM nodul at or coupl Q(&Gt_o said third DFT coder to receive
output fromsaid third DFT coder; and a third power anplifier
(620c) coupled to receive output of said third OFDM 5nodul at or (610c) and
operable to anplify said output for transm ssion on said second set of
conponent carriers (650d, 650e). 5. The transmtter stage of any of
claimse 1 to 4, wherein a termnal conprising said transmtter stage is

adapt ed t o negathisd ©FAM magulaont K0 q) asseaatedi withs saidritirOFF T 0edere saidetbiiol)
for transggpMm | i T, f ki Fo6mai f
clains 1 ?EDE/', ﬁ‘%ﬁg}rézérn&glﬂe dd" g%@ﬁ?%??o%@r%@%%&% ggt@%)t recga\ll(gﬂﬁad; or
mor e noduP&l iCBACK\AKbI s from a denul tipl exing stage (601). 15 7. The

transnitter stagsir®boway aniplifieA(6EC) cbl?&@d tohreceive ov@pet 6l Jaid tHFPYFDM

nmodul_at or _J nfiqurable to t put OEDM synbol s for. transm ssion.on
Conpnent mop B (61967 8ng obrable Be oy s dr gt ¥ earsHURR i o 7,
wher ei n asedoadsset pheospooant paviers @iadplbb0ekrr (620b) is coupled to receive
t he out put of the second OFDM nodul ator (610b) through a cyclic-prefix
insertion_stage (615b) operable to insert cyclic-prefixes in said output
from at |2eabhe yanamiteronageorDrnyed gladmsrl. to 4, wherey aderpinabgomprising said

25compr i o B I B B o e R g per

set 8f no -t(ﬁ%b)s@rﬁ‘ggﬁrénﬂ&i%V%rsal’éﬁ‘@t"@%s of nodul ation synbol s,

wherein a first set of said two or nore sets of nodul ation synbols is to be
' f aal -t .
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carri ers eouplemto mueivegoier maratmedulatiore agmbolsHfeorn a demultipexing stage

Ot hogona{?ogl)equency Division Miultiplexing (OFDM nodul ati on per said sets

ode

of DFT ¢ modul ation synbols to output a first set of OFDM synbols for
tran8m ssion on said set of conponent carriers, and output a second set of

S_FDM synb}fo_l hd g@ngmdﬁt@rétégé enaAp oatcnaltimaqt tqnel,ewaéﬂaiirg 581 rs€ OFRM A UERDF (2T
' stinct corn?fauraabﬁg 't6 osu%uto(f)FISﬁnR/%nt?&s fGr transmission on component carriers.

8. The transmitter stage of any of claims 1 to 7, wherein at least the second power

20 amplifier (620b) is coupled to receive the output of the second OFDM modulator
(610b) through a cyclic-prefix insertion stage (615b) operable to insert cyclic-prefixes
in said output from at least said second OFDM modulator.

9. A method of transmitting modulation symbols on multiple component carriers,
25 comprising:
applying a Discrete Fourier Transform (DFT) coding per set of modulation
symbols of two or more sets of modulation symbols, wherein a first set of said two or
more sets of modulation symbols is to be transmitted on a set of component carriers
handled by the same power amplifier, wherein said component carriers of said set of
30 component carriers are non-contiguous relative to each other;
applying Orthogonal Frequency Division Multiplexing (OFDM) modulation per
said sets of DFT coded modulation symbols to output a first set of OFDM symbols for
transmission on said set of component carriers, and output a second set of OFDM
symbols for transmission on at least one additional component carrier distinct from
35 said set of component carriers; and
applying power amplification per said set of component carriers and per said
at least one additional component carrier.



appl yi ng power anplification per said set of conponent carriers and per
said at | east one additional conmponent carrier. - 17 - 10. The met hod of
claim9, wherein each conponent carrier has a spectrum bandw dth spanning a
frequency range conpatible in bandwidth to a tel ecommunicati on system
spectrum bandw dth. 511. The method of any of clains 9 to 10, wherein the
spectrum bandwi dth is defined by the spectrum bandw dth of a | egacy

t el econmuni cati on system 12. The method of any of clains 9 to 11, further
conpri si ni0-dEMMatho@ef Aging ¥ M?erm%athmm@om@tfcarrmersm%a SRECtHMmor e set s

of modul abamw.&wmb@émng}@ fré@enED&aﬁ?é ReshpatibRM KindwWigthn® & to 12, wherein

t he conpoy nt _carriers of sai ent carriers are non-conti guous
Wi th sai d %COPEHEP'CBQ‘%”Q&%IFP‘I 6[?%9% PﬁBﬁWHcam er. 1514. The net hod of

any of clains 9 to 13, wherein a termnal inplenenting said nmethod

negoti at egy "‘Tﬁé‘n‘?ebﬁ&& 8P EHy P cléis Ao ATSAGHN INCER AR ARBRINRTE defink@® Pe

transm tted I’z ng sal
net hod of b¥He @weqtnrttm rb@nngdihlaf a legaey Eelecnmuinidatignisystanti ng
cyclic-prefixes 20in OFDM rmdul ated output. 16. The nethod of any of

clains 9 wher eac nen rrier conprises as ri es of
resour ce Lf ﬂh@s Q?SP@%QE léhrfﬁﬁ@eacgmpﬂﬁtm Myltipadng aRe &hd

exi sting fore impisito ﬁfrnNsaldrtmcmﬁ moee setstfl modulatibe symilsdomai n. 25 17. A
conput er program product conprising program code portions for performng

t he 1gteps of any of clains 9 to 16. 18. The conputer program product
of cl ai m 1%, Ths metbiodof any ofrplaires S teatiybivkeraiy Hwocatnpgnemdianmiers of said set

of component carriers are non-contiguous with said at least one additional
component carrier.

15 14. The method of any of claims 9 to 13, wherein a terminal implementing said
method negotiates with a network to use said method, wherein said network is to be
transmitted over by said terminal utilizing said method.

15. The method of any of claims 9 to 14, further comprising inserting cyclic-prefixes
20 in OFDM modulated output.

16. The method of any of claims 9 to 15, wherein each component carrier
comprises a series of resource blocks having a bandwidth spanning a portion of a
spectrum and existing for a span of N consecutive symbols in the time domain.

25
17. A computer program product comprising program code portions for performing
the steps of any of claims 9 to 16.

18.  The computer program product of claim 16, stored on a computer-readable
30 recording medium.



