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CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] Thi s
application clainms benefit under 35 U S.C. 119(e) from
W B2006/f59¢ALi si onal Patent application Serial NBCT/US2005/047647
601638, 494 entitled "Contiguopys Hopping in an OFDVA
Communi cation System' and filed Decenber 22, 2005, the
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relates to communi cation anongst ot her
things, to constrained hopping and channel estimation
in wireless communi cati on systens. Descri pti on of
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transmtted. However, in reality, distortions or noise
may be introduced during the transm ssion of data over

a conmuni cation channel_fromthe transmtter to the

receiver. If the distortBARKERQAUNR ficant, the

informati on may not be recoverable fromthe data

rbcei vBigldat the receiver. [0004] O thogonal Frequency

Division Miultiplexing (OFDM is a nodul ation technique
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biyttems. and frequency channels. [0005] OFDM i s wi del y

used in various conmmuni cati on systens. For exanple, an

ort hogonal frequency division nultiple access (OFDVA)

systemutilizes OFDM and can support nultiple users.
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[0003] In digital communications, information is translated into digital data referred

-

to as bits. A transmitter modulates an input bit stream into a waveform for transmission
over a communication channel and a receiver demodulates the received waveform back
into bits, thereby recovering the information. In an ideal communication system, the
data received would be identical to the data transmitted. However, in reality, distortions
or noise may be introduced during the transmission of data over a communication
channel from the transmitter to the receiver. If the distortion is significant, the

information may not be recoverable from the data received at the receiver.

[0004] Orthogonal Frequency Division Multiplexing (OFDM) is a modulation
technique that effectively partitions the overall system bandwidth into a number of (V)
orthogonal subcarriers. The subcarriers are also commonly referred to as tones, bins,

and frequency channels.

[0005] OFDM is widely used in various communication systems. For example, an
orthogonal frequency division multiple access (OFDMA) system utilizes OFDM and

can support multiple users. The N subcarriers may be used for data and pilot



2 transm ssion in various manners, depending on the
system desi gn. For exanple, the OFDVA system may
partition the N subcarriers into nultiple disjoint

groups of subcarriers and all ocate each subcarrier
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supported sinmultaneously via their assigned subcarrier
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to-noise-and—mterference ratio (SINR) achieved by that spatial channel. The SINRs for

the N spatial channels are dependent on the channel conditions and may further be
dependent on the manner in which the data streams are recovered at the receiver. In one
conventional MIMO system, a transmitter encodes, modulates, and transmits each data
stream in accordance with a rate selected based on a model of a static MIMO channel.
Good performance can be achieved if the model is accurate and if the MIMO channel is
relatively static (i.e., does not change much over time). In another conventional MIMO
system, a receiver estimates the MIMO channel, selects a suitable rate for each spatial
channel based on the channel estimates, and sends Ny selected rates for the Ny spatial

channels to the transmitter. The transmitter then processes Ns data streams in



system a receiver estimates the M MO channel, selects
a suitable rate for each spatial channel based on the
channel estimtes, and sends NS selected rates for the
NS spatial channels to the transmtter. The
twanawiotd4er then processes NS data streans in pd/US2005/047647
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estimating a channel response based on sone of the
plurality of pilot signals received in one subband for
that one subband. [0012] In other aspects, in a
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frequency band, a method of resource allocation for a transmission comprises

determining whether it is desirable for a transmission to a user to be in a single subband
or in more than one subband; wherein each subband includes non-overlapping
subcarriers with respect to any other subband, and assigning the transmission to occur in
either the single subband or to operate in more than one subband based upon the

determination.

[0013] Other aspects may include means that provide the above functionality and

other structures and methods to produce similar results.
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DESCRI PTI ON OF THE DRAW NGS [ 0014] Various enbodi nments
will be described in detail with reference to the
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illustrates an exenplary OF system 100 that supports
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process 700 of assigning a M MO user; [0023] Figure 8
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se
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utilized to estimate the channel response. [0027]
EffbERdsent s described al so provide resource allocation

a transmssion of a wireless device. The frequency
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[0023] Figure 8 illustrates the process of assigning 800 latency sensitive users;
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[0024] Figure 9 illustrates a structure for scheduling; and

[0025] Figure 10 illustrates a structure for channel estimation.

DETAILED DESCRIPTION

[0026] Accordingly, the embodiments described provide the ability to schedule
users in a frequency band partitioned into one or more subbands, and to estimate a
channel response based on pilot signals received in one or more subbands by each user.
In some aspects, if the subcarrier of interest is near the edge of a subband, at least a
portion of pilot signals received in neighboring subbands may be utilized to estimate the

channel response.

[0027] Embodiments described also provide resource allocation for a transmission

of a wireless device. The frequency band is partitioned into at 1zast two subbands,
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not be contiguous. A determ nation is made whether it

is desirable to transmt in a single subband or in

nore than one subband to, or from a given user. The
twansmwsissdon i S assi gned to occur in either a mimmKE2005/047647
subband or to operate in nore_ than one subband. [0028]
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an exanple of a nulti-carrier communication technique

t eadiyng” includes, but is not limited to portable or fixed storage devices, optical storage

devices, wireless channels and various other mediums capable of storing, containing or
carrying instruction(s) and/or data. Also, for purposes of explanation, the embodiments
will be described with reference to Orthogonal Frequency Division Multiplexing

(OFDM) systems. However, it will be well understood that the invention can be applied

to other types of systems that require channel estimation.

[0030] OFDM is an example of a multi-carrier communication technique that is
well known. Generally, OFDM is a digital modulation technique that splits a signal into
multiple sub-signals which are transmitted simultaneously at different frequencies.
OFDM uses overlapped orthogonal signals to divide a channel into many sub-channels

that are transmitted in parallel. Because OFDM allows high data rate transmission over



wel |l known. Cenerally, OFDMis a digital nodul ation
technique that splits a signal into nultiple
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Termnals 120 are t¥p| cally dispersed throug out
S)fglt samymben df terminals 120. A base station is a fixed station used for commumcatlng

with the terminals and may also be referred to as an access point, a Node B, or some
other terminology. Terminals 120 are typically dispersed throughout the system, and
each terminal may be fixed or mobile. A terminal may also be referred to as a mobile
station, a user equipment (UE), a wireless communication device, or some other
terminology. Each terminal may communicate with one or more base stations on the
forward link and/or one or more base stations on the reverse link at any given moment.
This depends on whether or not the terminal is active, whether or not soft handoff is
supported, and whether or not the terminal is in soft handoff. The forward link (i.e.,

downlink) refers to the communication link from the base station to the terminal, and



each termnal may be fixed or nobile. A termnal may

also be referred to as a nobile station, a user
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module 250, a pulse shaping module 260 and an up-converter 270. Transmitter 200
receives a data packet and the data rate at which the packet is to be transmitted.
Scrambler 210 scrambles and encoder 220 encodes the received packet. Encoder 220
may be a convolutional encoder or some other known encoder that allows error

correction encoding.

[0038] The encoded bits are grouped into a block, and each block is then interleaved
by interleaver 230 and mapped to a sequence of modulation symbols by modulation
mapping module 240. The encoded and interleaved bit stream of a selected length is

grouped into various numbers of bits depending upon the modulation. Typically, the bit



230, a nodul ati on mappi ng nodul e 240, an inverse fast

fourier transform (1 FFT) nodul e 250, a pul se shapi ng

nodul e 260 and an up-converter 270. Transmtter 200

recei ves a data packet and the data rate at which the
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and encoder 220 encodes the rgcei ved packet. Encoder
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transmissions across the entire band of interest add to overall noise in the system. If use

of pilots are minimized, the channel response may often be inaccurate and/or unreliable,

thereby failing to give satisfactory performance.

[0042]  Figure 3 illustrates one embodiment of a receiver 300 for use in OFDM
systems. The receiver 300 comprises a radio frequency/intermediate frequency
(RF/IF) front-end 310, a synchronizing module 380, a fast fourier transform (FFT)
module 320, a de-modulation module 330, a de-interleaver 340, a decoder 350, a
descrambler 360 and a channel estimating module 370. It should be noted here that
Figure 2 shows a simplified block diagram of a receiver. A more typical commercial

receiver may comprise additional elements such as a storage medium (not shown) and a



response. The nore pilot signals used, the better the
estimate of channel response. However, pil ot

transm ssions add a significant anount of overhead.
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[0048] Flgure 4A 111ustrates the structure of a partitioned frequency band 400 into

contiguous subbands 404, 408, 412 and 416. As by example, FIG. 4A illustrates an
embodiment having four contiguous subbands 404, 408, 412 and 416. Depending upon

design constraints or other reasons, any number of subbands may be used. Each of the
subbands comprises a number of subcarriers, which may be equal or unequal in number,

such as subcarriers 420, 422, and so on.

[0047] For example, a 5 MHz system may have 512 total subcarriers. If the total
bandwidth is divided into four contiguous subbands, each of the four subbands 404,
408, 412 and 416 are partitioned into 1.25 MHz, with each having 128 subcarriers. In

certain aspects, each of the subbands may be divided into a number that is a power of



[ 0045] Channel estimating nodul e 370 perfornms channel
estimation the frequency donmain signal. For exanple,
after FFT processing, a signal for a subcarrier can be
represented in Equation [1] as follows, Y' = H X + N~
WVopoocHemever, ot her approaches and t echni quesaraysS2eds®arcs?
be utilized. [0046] Figure é@ illustrates the structure
of a partitioned frequency nd 400 into contiguous
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maybe divided into a pI urality of subcarriers. For

304 a5 RseudqipisioRt onbeppedaditer¥es subcarriers Cl,1, Cl, 2,
Cl,N1, and CIN. Simlarly, subbands 408, 412 and 416
#0511 viAipwblem Gaigney be ln@medmmaﬂms@regumatﬁwst@}m@wamﬁel
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near the edge of the subband. For this purpose data for subcarriers near the edge of the

band maybe intentionally blanked out. In other aspects, if a user is able to use excess
pilots in neighboring subbands, channel estimation maybe improved at subcarriers at the
edge of a given subband by use of these pilots from other subbands. In this case, the

blank carriers may not be necessary.

[0052] For example, if one were estimating the channel for subcarrier C;;, The user
would use the pilot signals in subband 408 to estimate the channel response. However,
large error maybe introduced when considering pilot signal received in subcarriers far
away in frequency then the given subcarrier. For example, the pilot signal in subband
subcarrier C is far away in frequency from subcarrier C,,;. However, subcarrier Ciy

is adjacent to subcarrier C,,;, but in a different subband (404). Similarly, subband Cx.1



pilot signal. A fraction of the tones are reserved for
pil ot synbols. Figures 4A represents these pil ot

synbols with the letter "X'. These pilot synbols are
typically spaced, e.g. equally, throughout the total
W0/ @e491 400 for optimal performance dependp@gus005/047647
system design. Further, in sgme cases the pilots may be
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r{’?l%t seignals are received 504 within a given subband. A determination is made as to
whether the subcarrier of interest is near the edge of a subband. What subcarriers are
deemed to be “near” may vary based on network deployment, channel conditions or
other factors. If the given carrier is near the edge of a subband, pilot signals received in
the neighboring subband are utilized 508. The pilot signals of the entire neighboring
subband or any predetermined portion of the neighboring subband maybe utilized to
estimate the channel response 512. If the assigned subcarrier is not near the edge of
subband, neighboring pilots need not be considered and the channel response maybe
estimated 512 without the use of pilot signals in neighboring subbands. Typically, a

channel estimate for the entire subband is used because a user’s subcarriers are



non-conti guous fromother smaller groups of subcarriers
Wi thin the subband. For exanple, the CI subband is
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[0058] When a user is restricted to use a certain portion of the bandwidth, his out-

of-band emissions are substantially lower. The contiguous hopping scheme can be used
on the reverse link to gain this benefit. To gain additional frequency diversity as well,
the user can be assigned to a single subband at any given time, but this subband can be

varied over time.

[0059] Figure 6 illustrates a process 600 by which users are allocated to given
subbands. There may be circumstances in which it is desirable to have users operate in

more then one subband. Conversely, there may be circumstances in which it is
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Tdi)%ﬁ]ef OrP‘?guré i 1lm%atgsea Fl%@é?sg l75(') Qf asglgﬁmg a MIMO user. The base
station 704 sends pilot signals across the entire bandwidth, which is received by a
mobile terminal 708. The mobile terminal 708 receives the pilot signals and determines
712 a channel quality indicator (CQI) which is then sent back to the base station.
Depending upon conditions and desirability, different representations of CQI maybe

sent to the base station.

[0063]  An option for computing and transmitting the CQI include sending the CQI
for each subband to the base station. The base stations can then take the best possible
decision as to scheduling and rate prediction. Another option is to transmit the CQI for

the last subband used. Or, if more then one subband is used, then sending the CQI over,
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[0067] Referring to Figure 10 a structure 1000 for channel estimation is shown. The
structure 1000 includes means 1002 for determining that a plurality of pilot signals in
more than one subband of a frequency band have been received and means 1004 for
estimating a channel response based on some of the plurality of pilot signals received in
one subband for that one subband. Additionally, means for using at least a portion of
pilot signals received in neighboring subbands to estimate the channel response in the

given subband may be included in means 1004.
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15 [0068] The pilot and data transm ssion schenes
descri bed herein maybe inplenented by various neans.
For exanple, these techniqygs may be inplenented in
hardware, software, or a conbination thereof. For a
hardware inplenentation, the elenments used to perform
the processing at the tr@gnamms er and receiver units
maybe inplenmented within one or nore application
specific integrated circuits (ASICS) digital signa
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S. In a wireless communication system operating in a given frequency band, a method
of resource allocation for a transmission for a wireless device, the method comprising:
determining whether it is desirable for a transmission to a user to be in a single
subband or in more than one subband, wherein each subband includes non-overlapping
subcarriers with respect to any other subband; and
assigning the transmission to occur in either the single subband or to operate in

more than one subband based upon the determination.

6. The method set forth in claim 5, further comprising assigning additional pilot

signals in the single subband.



wherein estimati ng a channel response further conprises
using at least a portion of pilot signals received in
one or nore nei ghboring subbands to estinate the
channel response for the ame subband. 2. The nethod
set forth in claim1, wherein estimting a channe
response further conprises using pilot signals

recei ved in nei ghboring subbands to estinate the
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14. A machine readable medium including instructions for instructing a processor to:

determine that a plurality of pilot signals in a more than one subband of a frequency
band have been received; and

estimate a channel response based on some of the plurality of pilot signals received
in one subband for the one subband,

wherein the channel response is estimated using at least a portion of pilot signals

received in one or more neighboring subbands.

15. An apparatus for channel estimation comprising:
means for determining that a plurality of pilot signals in a more than one subband

of a frequency band have been received; and



12. The nmethod set forth in claim5, further conprising
receiving a channel quality indicator indicative of
channel quality of the bestgsubband observed by a
wirel ess device. 13. The nethod set forth in claimb5,
further conprising restricting a hop pattern to _
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20.  The apparatus set forth in claim 18, wherein the means for determining further
comprises means for determining whether the transmission is a latency-sensitive

transmission.

21.  The apparatus set forth in claim 18, further comprising means for utilizing the

additional pilot signals for a MIMO transmission.

22.  The apparatus set forth in claim 18, further comprising means for receiving a
channel quality indicator indicative of channel quality of each subband observed by a

wireless device.



conprises neans for determ ning whether the wirel ess
transm ssion is a MMO transm ssion. 20. The apparatus
set forth in claim18, whergin the nmeans for
determining further conprises neans for determning
whet her the transm ssion is a |latency-sensitive

transm ssion. 21. The apparatus set forth in claim18,

further conprising neans for utilizing the additiona
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particul ar subband.
pattern to subcarriers within a particular subband.



