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SCALABLE SPECTRUM CDMA COMMUNICATION SYSTEMS AND
METHODS WITH DYNAMIC ORTHOGONAL CODE ALLOCATION

BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION
Example embodiments of the present invention relate t6 wireless
communications systems. For example, at least some example
embodﬁnents of the present invention relate to methods and
apparatuses for providing a scalable spectrum, spectrum bandwidth

and/or throughput to users in a wireless communication system.

DESCRIPTION OF THE CONVENTIONAL ART

" Code division multiple access (CDMA) techhiques (e.g., IS-95,
cdma2000, Wideband CDMA (WCDMA), etc.) employ code channels for
transmitting information to multiple users sﬁnultaneously. Each code
channel is distinguished by a unique spreading code (e.g., Gold codes,
Walsh codes, OVSF codes, etc.). WCDMA is a 34 Generation wireless
technology that utilizes a higher spectrum bandwidth than, for
example, IS-95 CDMA. With the increased spectrum bandwidth,
WCDMA provides higher data rates or throughput to wireless users.
Universal Mobile Telecommunications Systems iUMI‘S) may utilize

WCDMA as a suitable transport mechanism.
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FIG. 1 illustrates a portion of a CDMA wireless system referred
to as a CDMA cell site or cell. As shown, the CDMA cell site includes
a base transceiver station (BTS) 110 and a radio interface part. The
BTS 110 may communicate with a radio network controller (RNC) (not
shown) as is well-known in the art. The combination of one or more
BTSs and an RNC is referred to as a radio access network (RAN).

The BTS 110 may include multiple radio transceivers for
communicating with the RNC and a plurality of users UEi1, UE2, UEs,
..., UEp via the radio interface part. As used herein, the term "user,"
may be synonymous with mobile station, mobile user, user equipment
(UE), subscriber, wireless terminal and/or remote station and may
describe a remote user of wireless resources in a wireless
communication network. For example, user equipment may be a
mobile phone, wireless equipped computer, wireless equipped
personal digital assistant (PDA]}, etc.

Referring still to FIG. 1, BTS 110 and the plurality of users UE,,
UE., UEs, ..., UE; may communicate in the forward link (e.g., from
BTS to user) or the reverse link (e.g., from user to BTS)
sinultaneously via code channels. The code channels in the forward
link, for example, may be differentiated from each other by a unique
spreading code (e.g., a.Gold code, Walsh code, OVSF code, etc.). A

unique spreading code may be assigned to each user by the BTS 110.
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The code channels in the reverse link may also be differentiated in a
similar manner.

Combining data signals with a unique spreading code spreads
each individual data signal over a much wider spectrum (e.g., 5MHz
for WCDMA) than the spectrum (e.g., 15kHz for speech data signal)
occupied by the data signals prior to spreading. After spreading, the
BTS 110 combines all spread data signals, and transmits the
resultant signal to each user served by the BTS 110. Each user is
informed of its assigned spreading code via a separate signaling
channel as is well-known in the art. Spreading the data signal over a
wider spectrum allows for reduced transmission power while still
obtaining a suitable data rate and/or thfoughput.

In one example, upon receiving the resultant signal transmitted
from the BTS 110, user UE; identifies the data signal intended for
user UE; using the same unique spreading code used to spread the
data signal at the BTS ilO. Other data signals spread using other
spreading codes are seen by user UE; as noise. The length of a
spreading code assigned to each user is dependent upon the
information data rate assigned to the user and/or the spectrum
capability of each user. For example, the wider the spectrum

capability of the user, the longer the assigned spreading code will be
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for the same information data rate. This is a result of the larger
spectrum over which the data signal may be spread.

Referring still to the above example, at user UE; the de-spread
data signal is sent to a filter that allows the energy associated with the

received data signal to pass, while reducing the interference. The

. signal-to-noise ratio (SNR) is determined by the ratio of the data signal

power to the sum of all of the other signal powers. The SNR is
enhanced by the processing gain, that is, the ratio of the spectrum
over which the data signal has been spread to the baseband data rate.
To provide higher throughput and/or information data rates
required by wireless applications, for example, on the forward link, the
BTS 110 and users UE1, UEg, ..., UEs may operate in a larger
spectrum (e.g., 10MHz or 20MHz). Conventionally, thesé Thigher
spectrum bandwidth requirements are satisfied by allowing users to
access multiple carriers (e.g., multiple SMHz carriers in WCDMA)
simultaneously while maintaining each individual carrier structure.
This is referred to an Nx system. An Nx system allows backward
compatibility with existing systems. However, utilizing an Nx system
may increase the cost of radio-frequency (RF) design for users due to
added RF path components and/or méy introduce cross-carrier
interference due to imperfect filter response in single carrier frequency

designs.
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SUMMARY O'F THE INVENTION

Example embodﬁneﬂts of the present invention provide
methods, apparatuses and a wireless communication system with a
scalable bandwidth, employing dynamic spreading code (e.g., unique
orthogonal code) assignment for users with different spectrum
capability (e.g., dynamic CDMA). Example embodiments of the
present invention are backward compétible with the narrower
spectrum systems, eliminate cross-carrier interference and/or
provide improved or optimal performance.

At least one example embodiment of the present invention
provides a method for allocating at least a portion of a total spectrum
bandwidth for a multi-carrier wireless system to a plurality of users
transmitting simultaneously. At least a portion of the total spectrum
bandwidth may be allocated to each of a plurality of users by
assigning at least one unique spreading code to each of the plurality of
users. At least two of a plurality of users may have different spectrum
capabilities and/or each of the assigned spreading codes may have the
same code length. The number of spreading codes assigned to each
user may be indicative of a portion of the total spectrﬁm bandwidth
allocated to each user. |

At least one other examplé embodiment of the present invention

provides a method for allocating at least a portion of a total spectrum
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bandwidth for a multi-carrier wireless system to a plurality of users
transmitting simultaneously. At least a portion of the total spectrum
bandwidth may be allocated to each of a plurality of users by
assigning at least one unique spreading code to éach of the plurality of
users. In this example embodiment, at least two of the plurality of
users may have different spectrum capabilities, and at least two of the
assigned spreading codes may have different code lengths. The length
of a spreading code assigned to a user may be indicative of the total
spectrum bandwidth allocated to the user.

In at least some example embodiments of the present invention,
each of the plurality of users may be associated with a spectrum
bandwidth class based on a spectrum capability associated with each
user. The code length may be based on the spectrum bandwidth class
of the user having a highest spectrum capability. The spectrum
bandwidth class associated with each user may be indicative of a
spectrum over which each user receives transmitted signals.

In at least some example embodiments of the present invention,
the number of spreading codes assigned to each user may depend on
at least a target throughput associated with each user. The portion of
the total spectrum bandwidth assigned to each user may increase as
the number of spreading codes assigned to each user increases. At

least two of the plurality of users may be assigned a different number
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of spreading codes based on a target throughput associated with each
of the plurality of users.

In at least some example err.lbodiments of the present invention,
the method may further include determining a number of spreading
codes to assign to each of the plurality of users based on at least a
target throughput associated with each user, and allocating a portion
of the total spectrum bandwidth by assigning spreading codes based
on the determining step. The assigned spreading codes may be
selected from a code tree or Hadamard matrix based on the
determining step.

In at least some example embodiments of the present invention,
the method may further include comparing target throughputs
associated with each user, and assigning at least two spreading codes
to at least a user having a largest associated target throughput. A
code pattern of each code assigned to each of the plurality of users
may depend on the spectrum bandwidth capability of each user.

In at least some example embodiments of the present invention,
each of the plurality of users may be associated with a spectrum
bandwidth class, and the spectrum bandwidth class may be based on
a spectrum capability associated with each user. The length of each
spreading code may be based on the spectrum bandwidth class of the

user to which the spreading code is assigned. The spectrum
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bandwidth class associated with each user may be indicative of a
spectrum over which each user receives transmitted signals. The
length of the spreading code assigned to each of the plurality of users
may be inversely proportional to the portion of the total spectrum
bandwidth assigned to each of the plurality of users.

In at least some example embodiments of the present invention,
at least two of the plurality of users may be assigned spreading codes
having different code lengths based on at least a target throughput
associated with each of the plurality of usefs.

In at least some example embodiments of the present invention,
the method may further include determining at least one of a length of
a spreading code and a number of spreading codes to assign to each
of the plurality of users based on a target throughput associated with
each user. The total spectrum bandwidth may be allocated by

assigning spreading codes based on the determining step.

BRIEF DESCRIPTION OF THE DRAWINGS
The present invention will become more fully understood from
the detailed description given herein below and the accompanying
drawings, wherein like élements are represented by like reference
numergls, which are given by way of illustration only and thus are not

limiting of the present invention and wherein:
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FIG. 1 illustrates a portion of a conventional CDMA wireless
systerﬁ; -

FIG. 2 illustrates an apparatus a'ccording to an example
embodiment of the present invention;

FIG. 3 illustrates a simple example code tree; and

FIG. 4 illustrates an example correlation between assigned

codes and spectrum for a wireless system.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

Although the following description relates to a communication
network or system based on CDMA techmnologies such as
WCDMA/UMTS, and will be described in this example context with
respect to FIG. 1, it should be noted that the example embodiments
shown and described herein are meaﬁt to be illustrative only and not
limiting in any way. For example, methods and/or apparatuses
according to example embodiments of the present invention may be
utilized in conjunction with any wireless technology, such as, IS95,
cdma2000, various techmology variations and/or related technologies.
Various modifications will be apparent to those skilled in the art for
application to communication systems or networks based on

technologies other than the above, which may be in various stages of
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development and intended for future replacement of, or use with, the
above networks or systems.

Example embodiments of the present invention will be described
herein with respect to transmissions in the forward link (e.g., from
BTS to user); however, it will be understood that example
embodiments of the present invention may be equally applicable to
transmissions in the reverse link (e.g., from user to BTS).

As described above, the term user may be synonymous with
mobile station, mobile user, user equipment (UE), subscriber, wireless
terminal and/or remote station and may describe a remote user of
wireless resources in a wireless communication nefwork.

Example embodiments of the present invention relate to
methods and apparatuses for providing scalable spectrum, spectrum
bandwidth and/ of throughput to a plurality of users dynamically. At
Ieasf one example embodiment of the present invention provides a
method and apparatus for assigning one or more spreading codes to
users according to the spectrum bandwidth class of the BTS, the
spectrum bandwidth class of the user, spectrum requirements of the
user, a target throughput and/or a target information data rate
associated with each user. Spectrum bandwidth class refers to the
spectrum capability of transceivers at, for example, BTS 110 or users

UEi, UEg, ..., UEs. Spectrum capability refers to the maximum

10
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spectrum bandwidth over which a BTS and /or a user may receive a
transmitted signal, for example, in the forward link. That is, for
example, the maximum spectrum over which the déta signal may be
spread. Spectrum requirements, target throughput and/or data rate
may be dependent on, for example, the data rate requested by
respective users, type of traffic being transmitted to each user (e.g.,
voice, data, video, etc.), etc.

As will be discussed, for the same informmation data rate, users
with larger spectruin capabilities may be assigned longer codes as
compared to users with smaller spectrum capabilities. According to
example embodiments of the present invention, the assigned
spreading code.s, even for different users with different spreading
capabilities, may have the same lengths. Alternatively, thé lengths
may be different. That is, f01: example, BTSs may transmit data
signals spanning different spectrum bandwidths based on assigned
spreading codes. The spectrum of the wireless system may become
scalable based on the spreading code assigned to each user scheduled
to receive a transmission in the forward link.

Example embodiments of the present invention may be’
iInplemenfed in any commurnication system having a system spectrum

B satisfying the equation B =2" B, where B, is the “single-carrier”

bandwidth and 2" is the number of carriers supported by the

11
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communication system. For example, in a WCDMA system, the single
carrier bandwidth Bp may be 5 MHz, and the system may support 8
carriers. Therefore, the WCDMA system may have a total system
spectrum bandwidth of 8Bo or 40MHz because Bo= 5 MHz and N = 3.
As discussed herein, "system spectrum bandwidth,"” refers to the RF
transceiver capability of the wireless system, or in other words, the
spectrum over which the BTS and user transceivers may be capable of
spreading data signals to be transmitted (e.g., in the forward link).

As discussed above, FIG. 1 illustrates a cell site of a CDMA
~Wireless system. Example embodiments of the present invention will
be described with regard to the cell site shown in FIG. 1 and with
rega;'d to a CDMA system; however, example embodiments of the
present invention, may be equally applicable to any wireless
communication system (e.g., CDMA, cdma2000, IS-95, etc.).

Referring to FIG. 1, BTS 110 may serve a plurality of users UE1,
UE3, UEs,..., UEL, and each of BTS 110 and users UE,;, UE»,, UEs,...,
and UEn may be grouped into spectrum bandwidth classes based on
the number of carriers supported by each. That is, for example, BTS

110 may support 2" carriers, and thus, may belong to a spectrum

bandwidth class N. Similarly, user UE; may support 2’ carriers, and
thus, may belong to a spectrum bandwidth class j. In other words,

spectrum bandwidth classes, as discussed herein, may be identified

12
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by the number of supported carriers (e.g., N for BTS 110 orj for user
UE)1), and each BTS and/or user UE;, UE., ...UEnmay belong to a
different spectrum bandwidth class.

In one example, older legacy users may be capable of
transmitting and/or receiving narrowband signals (e.g., data signals
spread over a spectrum 2/Bp, where j=0}. These narrowband users
may be associated with a spectrum bandwidth class j = O because
each user may support only a single carrier. Newer, enhanced users
may be capable of transmitting and/or receiving both narrowband and
wideband signals (e.g., data signals spread over a spectrum 2/Bg,
where j= 1, 2 or 3, etc.). For example, these newer users may be
associated with a spectrum bandwidth class j = 3 because each user
in this spectrum bandwidth class may support 8 carriers. The BTS
110 may also be associated with a spectrum bandwidth class N= 3
because the BTS 110 may support a maximum of 8 carriers.

FIG. 2 is a block diagram illustrating an example embodiment of
the present invention. The example embodiment shown in FIG. 2 may
be implemented ﬁsing a processor such as a digital signal processor
(DSP) or application specific integrated circuit (ASIC). Alternatively,
the example embodiment of FIG. 2 may be implemented at least in
part in the form of a computer software program stored in a INEemory

or external storage device. Such a program may be executed, for

13
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example, by a processor. The processor used to implement and/or
execute the example embodipnent shown in FIG. 2 may be one of a
plurality of processors included at a conventional BTS such as BTS
110. The apparatus of FIG. 2 may be included along with well-known
circuitry at BTSs such as the BTS 110. As shown, the apparatus of
FIG. 2 may include a scheduler 202, a code assignment module (CAM)
204 and a baseband signal generation module 206. An example
embodiment of the present invention will be described with regard to
the CDMA cell site of FIG. 1.

The scheduler 202 may schedule a plurality of users for
simultaneous transrmission (e.g., from BTS to user) at a given time.
The maximum number of users that may be scheduled for
simultaneous transmission may be dependent on the spectrum
bandwidth class of the BTS 110. For example, if the BTS 110 belongs
to a spectrum bandwidth class N=3 (e.g., the BTS 110 supports 8
carriers), the scheduler 202 may schedule a maximum of 23 or 8 users
for simultaneous transmission at any given time. The BTS 110 may
schedule users for transmission according to any well-known or
specially designed scheduling algorithm. For example, the scheduler
202 may schedule users based on link quality, priority of traffic
intended for each user, quality of service (QOS) requirements, user

priority level, etc.

14
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Within the maximum of 2V users scheduled for simultaneous
transmission, the scheduler 202 may schedule a maximum of Jusers
associated with a respective spectrum bandwidth class, where J = 2.
For example, if the scheduler 202 schedules 8 users for transmission,
only maximum of 2 users may belong to spectrum bandwidth class Jj=
1 because J = 21 = 2. Similarly, only a maximum of 4 users belonging
to spectrum bandwidth class j = 2 may be scheduled because J = 22 =
4, and only a maximum of 8 users belonging to spectrum bandwidth
class j = 3 may be scheduled because J = 23 = 8. The total number of
scheduled users, however, may not be greater than 2V,

After scheduling users for simultaneous transmission at a given
time, the scheduler 202 may identify the scheduled users, spectrum
bandwidth class of each scheduled user, spectrum requirements
and/or target throughput associated with each scheduled user to the
CAM 204. The operations, processes and/or methods performed by
the CAM 204 will be discussed in more detail below.

The CAM 204 may assign one or more spreading codes to each
scheduled user based on, for example, the spectrum bandwidth class
of each scheduled user, spectrum requirements and/or target
throughput associated with each scheduled user. As stated above, the
BTS 110 and users UE;, UEg, UE;3,..., UE,y may transmit data signals

over wireless code channels differentiated by unique spreading codes.
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In example embodiments of the present invention, the unique
spreading codes assigned to each scheduled user may result in the
scaling of the wireless channel over which each user may receive
transmitted data signals.

Each of the assigned spreading codes may be a unique
orthogonal binary code (e.g., a Gold code, a Walsh code, an OVSF
code, etc.). Example embodiments of the present invention will be
discussed with regard to Walsh codes; however, any suitable
spreading code may be utilized in conjunction with example
embodiments of the present invention.

In one example, the CAM 204 may assign spreading codes all of
which are 2N chips long. In another example, the CAM 204 may
assign spreading codes which vary in length from 2° chips to 2V chips,
inclusive. The CAM 204 may assign spreading codes selected from,
for example, a Walsh-Hadamard matrix or code tree.

FIG. 3 illustrates a simple, example code tree. As shown, the
Walsh codes are uniquely described as Wsr,m, where SF is the
spreading factor of the code and m is the code number O < m < SF-1.
Namely, each code tree defines Walsh codes of length SF,
corresponding to a spreading factor of SF as shown in FIG. 3, and
each Walsh code of spreading factor SF may have a unique codé

pattern identified by the code number m.
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Referring back to FIGS. 1 and 2, the CAM 204 may select the
codes from the code tree based on, for example, spectrum bandwidth
claés of each scheduled user, spectrum requirements and/or target
throughput associated with each scheduled user. Methods for

assigning spreading codes to users, according to example

‘embodiments of the present invention, will be discussed in more detail

below by way of example. However, it will be understood that the
example embodiments of the present invention may be implemented
on much larger scales (e.g., using larger and/or more complex code
trees), and in any suitable wireless communication system. The
following examples will be discussed with regard to FIG. 1, assuming
that the scheduler 202 at BTS 110 has scheduled users UE,, UE2 and
UE3 for simultaneous transmission at a given time.

In one example embodiment, the CAM 204 may assign
spreading codes each of which have a same length of 2N chips. In this
example, each user may be assigned a spreading code having the
saxﬁe length regardless of which spectrum bandwidth class each user
belongs. In this example, however, the code pattern assigned to each
user may depend on the spectrum bandwidth class to which each
user belongs.

As discussed above, N refers to the number of carriers

supported by the wireless system (e.g., in a wireless system in which B
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= 2NBp, 2V = 8, N = 3 and thus, the wireless system effectively has 3
single carriers of bandwidth Bo.) The CAM 204 may assign one or
more spreading codes to each scheduled user such that, for each

scheduled user, the assigned spreading code bears the signature:

C =€yCy...CC|Cp++-Cy ... Cp .-.Cy,
e e —

¥~ 28~ 2M-J

where c,¢,..c, is a spreading code of length k= 2J.

The CAM 204 may assign at least one or more spreading codes
to each scheduled user to increase throughput and/or information
data rate based on the target throughput associated with each
scheduled user. That is, for example, the CAM 204 may assigl;l

multiple spreading codes to one or more scheduled users if the CAM

- 204 determines that increased throughput and/or information data

rate is necessary. The CAM 204 may determine that increased
throughput and/or inforimnation data rate is necessary based on the
target throughput associated with each scheduled user. For example,
if thé target throughput is higher for user UE; compared to user UEa,
the CAM 204 may assign the user UE; multiple spreading codes, while
assigning user UE; a single spreading code, or a lesser number of

spreading codes as comnpared to those assigned to user UE;.

18
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The following examples of the manner in which codes may be
assigned by the CAM 204 to scheduled users UE1, UE2 and UEs will
be discussed with regard to the above code signature C, the cell-site of
FIG. 1 and the example code tree of FIG. 3.

For example, if B = 8Bp (i.e., 2V = 8 and N = 3} for the cell-site of
FIG. 1, and user UE; supports a spectrum bandwidth of 2Bo (i.e., 2/ =
2 and j = 1), the CAM 204 may select a maximum of two spreading
codes from a total of four available spreading codes having the
signature C = cococococicicics to be assigned to UE:. In this example,
only spreading codes having the signature C = cococococicicicy are
available for assigning to UE) because j=1, N= 3 and 2N/ = 4,
Referring back to the simple code tree of FIG. 3, the four available

spreading codes may be '11111111', '11110000', or the corresponding

- complementary codes thereof '00000000" and '00001111".

Similarly, if user UE2 supports a spectrum bandwidth of 4Bo
(i.e., 2/ = 4 and j = 2}, the CAM 204 may select a maximum of four
spreading codes from a total of eight available spreading codes having
the signature C = cocpcicicaczecscs to be assigned to user UEs. In this
example, only spreading codes having the signature C =
cococicrczcecscs are available for assigning to UEs because j=2, N= 3
and 2VJ = 2. Referring again to the code tree of FIG. 3, the eight

available spreading codes may include '11111111', '11110000',
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'11001100', '11000011', or the corresponding complementary codes
thereof '00000000', '00001111°, '00110011"' and '00111100'.

In another similar example, if user UEs supports a spectrum
bandwidth of 8Bp (i.e., 2/ = 8 and j = 3), the CAM 204 may select a
maximum of eight spreading codes from a total of sixteen available
spreading codes having the signature C = cociczcacscscscr to assign to
user UEs. In this example, only spreading codes having the signature
C = cocicecscacscscy are available for assigning to UEs because j= 3, N
= 3 and 2Vi= 1. Referring again to the simple code tree of FIG. 3, the
available spreading codes for UE3z may include '11111111",
‘11110000, '11001100’, '11000011', '10101010’, '10100101",
'10011001', '10010110', or the corresponding complementary codes
thereof, '00000000', '00001111', '00110011’, '00111100', '01010101",
‘01011010, '01100110', '01101001".

In the above examples, the same spreading code may not be
assigned to more than one of users UE;, UE; and UEs, and each
scheduled user may be assigned one or more spreading codes having
an appropriate code signature. Table 1 illustrates an example code
assignment by the CAM 204, the code signaled to the users (via a
separate signaling channel as is well-known in the art) and the
resultant spectrum bandwidth over which data signals are spread by

the BTS 110.
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TABLE 1
Scheduled User | Assigned | Code Signaled Resultant
Code to User Spectrum
user UE; of 11110000 10 Bo
2Bo:
user UE; of 11001100 1010 2Bo
4Bo: 11000011 1001
user UEs of 10101010 10101010 4Bo
8Bo: 10100101 10100101
10011001 10011001
10010110 10010110

As shown from the above example, the greater number of codes
assigned to each scheduled user, the larger the spectrum over which
the user receives transmitted signals. As is well-known in the art, the
greater the spectrum, the higher the resultant information data rate
and/or throughput . Thus, according to example embodiments of the

present invention, the greater the number of spreading codes assigned
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to each scheduled user, the higher throughput and/or information
data rate for the user.

In the above example, each assigned spreading code resulis in a
bandwidth Bop being allocated to the scheduled user. In this example,
the aggregate bandwidth allocated to each scheduled user is equal to
the number of assigned codes multiplied by the single carrier
bandwidth Bo. As shown above, for example, user. UE3 may be
assigned four spreading codes, and thus, user UEs may be allocated a
specf:rum bandwidth of 4Bp. This may result in a higher tﬁroughput
and/or information data rate than, for example, user UE: and user
UE2 who have been assigned one spreading code and two spreading
codes, respectively.

As discussed above, the CAM 204 may assign spreading codes
to users scheduled for simultaneous transmission at any given time
based on the spectrum bandwidth class of each user, spectrum
requirements and/or é target throughput associated with each
scheduled user. Referring to the above example, the example code
assignment shown in Table 1 may be used in the event that the
scheduled user UE3 requires a higher data rate or throughput as
compared to the scheduled users UE; and UE,.

In another example, the CAM 204 may assign spreading codes

varying in length from 2° chips to 2V chips, inclusive based on the
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spectrum bandwidth class of each user, spectrum requirements
and/or targét throughput associated with each user. As in the
previous example, the following example will be discussed with regard
to the code signature C, the cell-site of FIG. 1 and the code tree of FIG.
3. In addition, this example will be described with regard to the same
users UE;, UE2 and UE3 scheduled for simultaneous transmission at
a given time. |

In this example, spreading codes may be assigned by the CAM
204 to users UE1, UEz and UE3 in the same manner as described
above, except that the assigned spreading codes may differ in length.
The length of assigned spreading code may imply (or carry) a different
spectrum, throughput and/or information data rate to be assigned to
each user. That is, for example, the spreading codes may still be

assigned such that the assigned spreading code bears theAsignature:

C =€yC4...CuC1€ - Cp+-iCCpn.Cy,
— | SO
oN=J 2N~J 2¥=]

where cyc,..c, is a spreading code of length k= 2m, and m=0, 1, ..., j;

however, the spreading codes may be less than 2V chips long,
In this example embodiment, the shorter the assigned code, the

greater the assigned spectrum, throughput and/or information data
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rate. The correlation between the assigned spectrum and the
spreading code assigned to each user may be expressed by Equation 1

shown below.

N

AssignedSpectrum = B, Equation 1

UEi

In Equation 1, N is the spectrum bandwidth class of the BTS or
wireless system, and kugi is the length of the spreading code assigned
touser UE; fori=1, 2, 3, ... n.

In addition, assignment of any spreading code blocks or
restricts the use of any subordinate spreading code (e.g., longer
spreading code beneath the assigned code) in the code tree (of FIG. 3,
for example). This restriction is well-known in the art, and thus, a
detailed discussion of this will be omitted for the sake of brevity.

As in the previous example, assume the spectrum bandwidth B
for the cell-site of FIG. 1 is 8Bp and N = 3. If user UE3, belonging to
spectrum bandwidth class j = 3, is assigned a code 8 chips in length
(e.g., '10101010'), the effective spectrum bandwidth assigned to user
UE3 is Bo eveﬁ though the data signal may be spread over the entire

spectrum 8Bo.
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On the other hand. if user UEs is assigned a code 2 chips in
length (e.g., '10'), the effective spectrum bandwidth assigned to user
UEs is 4Bo, and all other codes under the 2 chip spreading code in the
code tree may not be assigned to any other user scheduled for the
same simultaneous transmission. For example, with regard to the
code tree of FIG. 3, if user UE3is assigned the code '10’', then none of
spreading codesin the code tree under node ‘10’ may be assigned to
other scheduled users, for example, users UE: or UE3z, scheduled for
the same simultaneous transmission. In this example embodiment,
the CAM 204 may assign a single spreading code to each user, or
multiple spreading codes to each user.

Referring back to FIG. 2, after the CAM 204 assigns spreading
codes to each scheduled user (in either of the above mentioned
example manners), the baseband signal generation module 206 may
combine (e.g., add in binary space) the spread .signals from scheduled
users UE;, UE: and UEs3 to generate a baseband signal (e.g., a forward
link (FL) baseband signal) to be transmitted. The combining
performed by the baseband signal generation module 206 may be
done in any well-known manner, and as such, a detailed discussion
has been omitted for the sake of brevity.

Concurrently, the spreading code assigned to each user UE;,

UE:2 and UEs3 may be conveyed to each user via a separate signaling

25



10

15

20

WO 2007/136529 PCT/US2007/010946

" channel. This conveyance may also be performed before the baseband

signal is actually transmitted or delivered to the users, and may be
done via any suitable signaling channel as is well-known in the art.
Because these signaling channels are well-known, a detailed
discussion has been omitted for the sake of brevity. The combined
signal may be transmitted to the users UE;, UE2 and UE3 by a
transmitter (not shown) in any well-known manner.

FIG. 4 shows an example correlation between assigned codes
and spectrum bandwidth over which a data signal is spread for a
wireless system with B = 4Bo. FIG. 4 will be discussed with regard to
UE: for example purposes. As discussed above, user UE2 may belong
to spectrum bandwidth class j= 2. That is, for example, in tﬁe case of
FIG. 4, the user UE2 éupports the maximum spectrum bandwidth B =
4Bo.

Referring to FIG. 4, if the code '1111" is assigned to user UE-,
the data signal is spread over single carrier spectrum bandwidth Bo. -
Alternatively, assigning code 1100 to user UE2 may result in the same
data signal spanning a spectrum bandwidth of 2Bo. Furthermore,
assigning code '1010' to user UE2 may result in the same signal
spanning the entire spectrum bandwidth 4Bo. In each of the

examples shown in FIG. 4; however, the user UEz achieves the same
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throughput or information data rate while the spectrum power may be
decreased as the spectrum bandwidth increases.

Example embodiments of the present invention provide a more
cost effective RF chain design by removing multiple single-carrier
filters. Moreover, example embodiments of the present invention may
improve forward link RF capacity, reduce the inter-carrier guard band
and/or more efficiently utilize spectrum resources because the cross-
carrier interference may be reduced for older, legacy users and/or
eliminated for newer, enhanced users.

Although the foregoing description focuses on methods for
transmitting wideband signals via a radio communication system
adapted for transmitting narrow-band signals, persons of ordinary
skill in the art will readily appreciate that the techniques of the
present invention are in no way limited to radio communication
systems, systems transmitting signals with only two distinct
bandwidths, or to systems adapted for transmitting narrowband
signals. On the contrary, any communication system which might
benefit from shared access to a plurality of frequencies by two or more
transceivers transmitting and/or receiving signals at two or more
bandwidths may employ the techniques shown herein. Such systems
might include systems employing methods for transmitting narrow-

band signals via a radio communication system adapted for
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transmitting wideband signals. Further, wired systems such as
computer networks could employ the techniques provided herein
without departing from the scope of the invention.

Example embodiments of the present invention have been
described with regard to spectrum bandwidth. However, it will be
understood that in at least some instances, spectrum bandwidth may
be synonymous with bandwidth, spectrum, data rate, etc.

The invention being thus described, it will be obvious that the
same may be varied in many ways. Such variations are not to be
regarded as a departure from the invention, and all such
modifications are intended to be included within the scope of the

invention.
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WE CLAIM:
1. A method for allocating at least a portion of a total
_spectrum bandwidth for a multi—carriér wireless system to a plurality
of users (UEi1, UE2, UEs,...UE,) transmitting simultaneously, the
method comprising:
allocating at least a portion of the total spectrum bandwidth to
each of a plurality of users by assigning at least one unique spreading
code to eéch of the plurality of users, at least two of a plurality of
users having different spectrum capabilities and transmitting
simultaneously, each of the assigned spreading codes having a same
" code length, and a number of spreading codes assigned to each user
being indicative of a portion of the total spectrum bandwidth allocated

to each user.’

2. The method of claim 1, wherein each of the plurality of
users is associated with a spectrum bandwidth class based on a
spectrum capability associated with each user, and the code length is
based on the spectrum bandwidth class of the user having a highest

spectrum capability.
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3. The method of claim 2, wherein the spectrum bandwidth
class associated with each user is indicative of a spectrum over which

each user receives transmitted signals.

4. The method of claim 1, wherein the number of spreading
codes assigned to each user depends on at least a target throughput

associated with each user.

5. The method of claim 1, wherein as the number of
spreading codes assigned to each user increases, the portion of the

total spectrum bandwidth assigned to each user increases.

6. The method of claim 1, wherein at least two of the
plurality of users are assigned a different number of spreading codes
based on a target throughput associated with each of the plurality of

users.

7. A method for allocating at least a portion of a total
spectrum bandwidth for a multi-carrier wireless system to a plurality
of users (UE1, UE2, UEs;,...UE,)} transmitting simultaneously, the

method comprising:
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allocating at least a portion of the total spectrum bandwidth to
each of a plurality of users by assigning at least one unique spreading
code to each of the plurality of users, at least two of the plurality of
users having different spectrum cépabi]ities and transmitting
simultaneously, at least two of the assigned spreading codes having
different code lengths, and the code length of a spreading code
assigned to a user being indicative of the total spectrurm bandwidth

allocated to the user.

8. Thé method of claim 7, wherein each of the plurality of
users is associated with a spectrum bandwidth class, the spectrum
bandwidth class being based on a spectrum capability associated with
each user, and the length of each spreading code is based on the
spectrum bandwidth class of the user to which the spreading code is

assigned.
9. The method of claim 8, wherein the spectrum bandwidth

. class associated with each user is indicative of a spectrum over which

each user receives transmitted signals.
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10. The method of claim 7, wherein the code length is
inversely proportional to the portion of the total spectrum bandwidth

assigned to each of the plurality of users.
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