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DESCRIPTION

TITLE
Sounding Channel Apparatus and Method

TECHNICAL FIELD
[0001] This description relates to communications, and
more specifically to the feedback of communication channel
condition information and the allocation of resources based,

in part, upon the information feedback.

BACKGROUND

[0002] Worldwide Interoperability for Microwave Access
(WiMAX) 1s a telecommunications technology often aimed at
providing wireless data over long distances (e.g., kilome-
ters) in a variety of ways, from point-to-point links to full
mobile cellular type access. A network based upon WiMAX is
occasionally also called a Wireless Metropolitan Access Net-
work (WirelessMAN or WMAN); although, it is understood that
WMANs may include protocols other than WiMAX. WiMAX often
includes a network that is substantially in compliance with
the TEEE 802.16 standards, their derivatives, or predecessors
(hereafter, “the 802.16 standard”). Institute of Electrical
and Electronics Engineers, IEEE Standard for Local and Metro-
politan Area Networks, Part 16, IEEE Std. 802.16-2004.

[0003] One particular derivative of the 802.16 standard is
the 802.16m standard that attempts to increase the data rate
of wireless transmissions to 1 Gbps while maintaining back-
wards compatibility with older networks. IEEE 802.16 Broad-
band Wireless Access Working Group, IEEE 802.16m System Re-
quirements, Oct. 19, 2007.

[0004] Wireless Local Area Network (WLAN) is a telecommu-



10

15

20

25

30

WO 2010/046202 PCT/EP2009/062571

nications technology often aimed at providing wireless data
over shorter distances (e.g., meters or tens of meters) in a
variety of ways, from point-to-point links to full mobile
cellular type access. A network based upon the WLAN standard
is occasionally also referred to by the common or marketing
name “WiFi” (or “Wi-Fi”) from Wireless Fidelity; although it
is understood that WLAN may include other shorter ranged
technologies. WiFi often includes a network that is substan-
tially in compliance with the IEEE 802.11 standards, their
derivatives, or predecessors (hereafter, “the 802.11 stan-
dard”). Institute of Electrical and Electronics Engineers,
IEEE Standard for Information Technology —-- Telecommunica-—
tions and Information Exchange between Systems —- Local and
Metropolitan Area Network —- Specific Requirements -- Part
11: wWireless LAN Medium Access Control (MAC) and Physical
Layer (PHY) Specifications, IEEE Std. 802.11-2007.

[0005] Multiple—input and multiple-output (MIMO), is gen-
erally the use of multiple antennas at both a transmitter and
a receiver to improve communication performance. It is often
considered one of several forms of smart antenna technology.
MIMO technology frequently offers significant increases, com-
pared to single input/output technology, in data throughput
and link range without additional bandwidth or transmit
power. MIMO systems generally achieve this by higher spec-
tral efficiency (e.g., more bits per second per hertz of
bandwidth) and link reliability or diversity (e.g., reduced
fading). In general, Close Loop (CL) multi-user (MU) MIMO
systems require feedback of communications channel informa-
tion from all the active users. The feedback overhead how-
ever, often decreases the efficiency of the MU-MIMO system
capacity.

[0006] A frequent cellular network implementation may have
multiple antennas at a base station (BS) and a single antenna

on the mobile station (MS). In such an embodiment, the cost
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of the mobile radio may be minimized. As the costs for radio
frequency (RF) components in mobile station are reduced, sec-
ond antennas in mobile device may become more common. Multi-
ple mobile device antennas may currently be used in Wi-Fi

technology (e.g., IEEE 802.11n).

SUMMARY
[0007] According to one general aspect, a method may in-

clude allocating, within a single physical resource unit

(PRU), a plurality of channel sounding groups. Wherein each
channel sounding group includes both a frequency division
multiplexing (FDM) allocation and a code division multiplex-
ing (CDM) allocation. The method may also include broadcast-
ing, in a downlink direction to one or more mobile stations
in a wireless network, a signal that causes the receiving mo-
bile stations to transmit a channel sounding signal. The
method may further include receiving at least one channel
sounding signal from at least one of the one or more mobile
stations, the channel sounding signal being received in an
uplink direction via one or more channel sounding groups.
And, the method may include estimating the channel quality,
of the channel used by the physical resource unit, based upon
the received at least one channel sounding signal.

[0008] According to another example embodiment, an appara-
tus may include a transceiver, and a controller. In various
embodiments, the apparatus may be configured to allocate,
within a single physical resource unit (PRU), a plurality of
channel sounding groups. Wherein each channel sounding group
includes both a frequency-time domain allocation and a code
domain allocation. In some embodiments, the apparatus may
also be configured to broadcast, in a downlink direction to
one or more mobile stations in a wireless network, a signal
that causes the receiving mobile stations to transmit a chan-

nel sounding signal. In various embodiments, the apparatus
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may also be configured to receive at least one channel sound-
ing signal from at least one of the one or more mobile sta-
tions, the channel sounding signal being received in an up-
link direction via one or more channel sounding groups. And,
in one embodiment, the apparatus may also be configured to
estimate the channel gquality, of the channel used by the en-
tire physical resource unit, based upon the received at least
one channel sounding signal.

[0009] According to another example embodiment, a method
may include receiving, in a downlink direction, an alloca-
tion, within a single physical resource unit (PRU), of a plu-
rality of channel sounding groups. Wherein each channel
sounding group includes both a frequency division multiplex-
ing (FDM) allocation and a code division multiplexing (CDM)
allocation. The method may also include broadcasting a chan-—
nel sounding signal in an uplink direction via one or more
channel sounding groups.

[0010] According to another example embodiment, an appara-
tus may include a transceiver, and a controller. In various
embodiments, the apparatus may be configured to receive, in a
downlink direction, an allocation, within a single physical
resource unit (PRU), of a plurality of channel sounding
groups. Wherein each channel sounding group includes both a
frequency division multiplexing (FDM) allocation and a code
division multiplexing (CDM) allocation. The apparatus may
also be configured to, in various embodiments, broadcast a
channel sounding signal in an uplink direction via the allo-
cated channel sounding groups.

[0011] The details of one or more implementations are set
forth in the accompanying drawings and the description below.
Other features will be apparent from the description and
drawings, and from the claims.

[0012] A system and/or method for communicating informa-
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tion, substantially as shown in and/or described in connec-—
tion with at least one of the figures, as set forth more com-

pletely in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a block diagram of an example embodiment
of a system in accordance with the disclosed subject matter.

[0014] FIG. 2 is a block diagram of an example embodiment
of an apparatus in accordance with the disclosed subject mat-
ter.

[0015] FIG. 3 is a block diagram of an example embodiment
of a series of physical resource units in accordance with the
disclosed subject matter.

[0016] FIG. 4 is a block diagram of an example embodiment
of a physical resource unit in accordance with the disclosed
subject matter.

[0017] FIG. 5 is a block diagram of another example em-
bodiment of a physical resource unit in accordance with the
disclosed subject matter.

[0018] FIG. 6 is a block diagram of an example embodiment
of a system in accordance with the disclosed subject matter.

[0019] FIG. 7 is a flow chart of an example embodiment of
a technigque in accordance with the disclosed subject matter.

[0020] FIG. 8 is a flow chart of an example embodiment of

a technigque in accordance with the disclosed subject matter.
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DETAILED DESCRIPTION

[0021] Referring to the Figures in which like numerals in-
dicate like elements, FIG. 1 is a block diagram of a wireless
network 102 including a base station (BS) 104 and mobile sta-
tions (MSs) 106, 108, 110, according to an example embodi-
ment. Fach of the MSs 106, 108, 110 may be associated with
BS 104, and may transmit data in an uplink direction to BS
104, and may receive data in a downlink direction from BS
104, for example. Although only one BS 104 and three mobile
stations (MSs 106, 108 and 110) are shown, any number of base
stations and mobile stations may be provided in network 102.
Also, although not shown, mobile stations 106, 108 and 110
may be coupled to base station 104 via relay stations or re-
lay nodes, for example. The base station 104 may be con-
nected via wired or wireless links to another network (not
shown), such as a Local Area Network, a Wide Area Network
(WAN), the Internet, etc.. In various embodiments, the base
station 104 may be coupled or connected with the other net-
work 120 via an access network controller (ASN) or gateway
(GW) 112 that may control, monitor, or limit access to the
other network.

[0022] FIG. 2 is a block diagram of two example embodi-
ments of apparatuses 201 and 203 in accordance with the dis-
closed subject matter. 1In one embodiment, the communications
device 201 may include a base station (BS) or a mobile sta-
tion (MS) such as that illustrated in Fig. 1. 1In one embodi-
ment, the communications device 201 may include a transceiver
202, a controller 204, and a memory 206. In some embodi-
ments, the transceiver 202 may include a wireless transceiver
configured to operate based upon a wireless networking stan-
dard (e.g., WiMAX, WiFi, WLAN, etc.). In other embodiments,

the transceiver 202 may include a wired transceiver config-
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ured to operate based upon a wired networking standard (e.g.,
Ethernet, etc.). 1In various embodiments, the controller 204
may include a processor. In various embodiments, the memory
206 may include permanent (e.g., compact disc, etc.), semi-
permanent (e.g., a hard drive, etc.), and/or temporary (e.g.,
volatile random access memory, etc.) memory. For example,
some operations illustrated and/or described herein, may be
performed by a controller 204, under control of software,
firmware, or a combination thereof. In another example, some
components illustrated and/or described herein, may be stored
in memory 206.

[0023] FIG. 2 is also a block diagram of a communications
device 203 in accordance with an example embodiment of the
disclosed subject matter. In one embodiment, the communica-
tions device 203 may include a base station (BS) or a mobile
station (MS) such as that illustrated in Fig. 1. 1In one em-
bodiment, the communications device 203 may include a wire-—
less transceiver 202, a controller 204, and a memory 206. In
some embodiments, the transceiver 202 may include a wireless
transceiver configured to operate based upon a wireless net-
working standard (e.g., WiMAX, WiFi, WLAN, etc.). In other
embodiments, the transceiver 202 may include a wired trans-
ceiver configured to operate based upon a wired networking
standard (e.g., Ethernet, etc.). In various embodiments, the
controller 204 may include a processor. In various embodi-
ments, the transceiver 202 may include a plurality of anten-
nas, such as antenna #1 211 and antenna #2 212. In some em-
bodiments, the communications device 203 may include at least
one identifier 210 configured to substantially uniguely iden-—
tify each antenna (e.g., antennas 211 and 212) or apparatus
203 as a whole. 1In various embodiments, the identifier 210
may be stored by the memory 206.

[0024] FIG. 3 is a block diagram of an example embodiment

of a series of physical resource units (grouped as, for exam-
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ple, frames, etc.) in accordance with the disclosed subject
matter. In one embodiment, the base station and various mo-
bile stations may communicate with each other using a series
or plurality of physical resource units (PRUs) organized into
frames or super-frame 300; although, it is understand that
various embodiments using other communication standards may
organize PRUs differently.

[0025] These PRUs may be transmitted over or via a commu-
nications channel. The following provides an overall context
of the communications channel. In this context, a communica-
tions channel may include a medium used to convey information
from a sender to a receiver. Fig. 3 illustrates the division
of the communications channel as a function of time (e.g.,
time division multiplexing). In addition, a communications
channel may also be divided as a function of frequency, il-
lustrated more completely in Figs. 4 and 5. 1In various em-—
bodiments, this communications channel may include a plural-
ity of frequencies or a bandwidth of frequencies. This band-
width may be sub-divided into sub-channels. Each of these
sub- channels may include their own respective bandwidth. 1In
various embodiments, these sub- channels may generally be of
equal size.

[0026] In various embodiments, the communications channel
may be divided by both time and frequency into physical re-
source units. In such an embodiment, a physical resource
unit may include a given sub-channel or sub-channels for a
period of time. These physical resource units, or a sub-
division thereof, may provide the fundamental blocks of com-
munication. According to an example embodiment, a physical
resource unit may include a group of sub-channels, such as 18
sub—-channels (as an example), or any number of sub-channels.

[0027] A controlling device (e.g., a base station), in one

embodiment, may allocate PRUs amongst client devices (e.g.,
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mobile devices). In such an embodiment, the base station may
attempt to perform this allocation in such a way as to reduce
the number of un-received or un-usable (e.g., garbled, noise

ridden, etc.) transmissions. In various embodiments, it may

not be possible to make use of every possible PRU.

[0028] Fig. 3 illustrates a plurality of frames. 1In vari-
ous embodiments, the plurality of frames may be organized
into a super-frame 300. In one embodiment, this super-frame
300 may include frames 302a, 302b, 302, and 302n. Frame 302
may include a down-link (DL) portion and an uplink (UL) por-
tion. In various embodiments, a DL sub-frame 306 may be re-
served for communication from the base station to a mobile
station. Conversely, an UL sub-frame 310 may be reserved for
communication from the mobile station to the base station.
Downlink (DL) may refer to a direction of transmission from
base station to a mobile station, and uplink (UL) may refer
to a direction of transmission from a mobile station to a
base station.

[0029] In one embodiment, a frame 302 may include a plu-
rality of DL sub-frames (e.g., DL sub-frames 306a, 306b,
306c, 306, and 306n) and a plurality of UL sub-frames (e.g.,
UL sub-frames 310a, 310, and 310n). In various embodiments,
a mid-amble 308 and pre—amble 304 may, respectively, deline-
ate the transition between the DL and UL portions of the
frame 302 and between frames themselves. In one embodiment,
the pre-amble 304 and mid-amble 308 may include a signal that
is broadcast to any listening devices (e.g., mobile stations)
within the range of the base station or other transmitting
device.

[0030] Conversely, a DL sub-frame 306 or UL sub-frame 310
may include messages or signals generally intended for a spe-
cific receiver or group of receivers. Occasionally these

sub-frames may be used to broadcast information (e.g., re-
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source allocation, channel condition feedback, etc.). These

time based sub-frames may be, in one embodiment, additionally
divided by frequency into the PRUs (not shown) which are al-

located to mobile stations to either receive or send informa-
tion. In such an embodiment, the sub-frame may be the prac-

tical time division of the communications channel.

[0031] In various embodiments, the DL sub-frame 306 may
include a plurality of symbols 312. 1In one specific embodi-
ment, the DL sub-frame 306 may include five symbols 312 and
duration of approximately 0.514 ms. In various embodiments,
the UL sub-frame 310 may include a plurality of symbols 312.
In one specific embodiment, the UL sub-frame 310 may include
six symbols 312 and duration of approximately 0.617 ms. In
various embodiments, these symbols 312 may include orthogonal
frequency-division multiple access (OFDMA) symbols. In one
embodiment, an UL PRU may include a bandwidth of 18 sub-
channels, and a time duration or length of six symbols 312.
In various embodiments, a PUR size may be configurable or
predefined. It 1is understood that the above are merely a few
illustrative examples to which the disclosed subject matter
is not limited.

[0032] FIG. 4 is a block diagram of an example embodiment
of a physical resource unit (PRU) 400 in accordance with the
disclosed subject matter. In various embodiments, the physi-
cal resource unit 400 may be divided both in terms of fre-
quency and time (or symbols). In the illustrated embodiment
of PRU 400, the X-axis illustrates division by symbols and
the Y-axis illustrates division by frequency or sub-carriers.
In various embodiments, the PRU 400 may include a plurality
of blocks 401. Please note, that Figs. 4 and 5 are oriented
in such a way that the higher frequencies of the RPU 400 are
located at the bottom of the figures; it is understood that
this orientation is immaterial and non-limiting to the dis-

closed subject matter and only a graphic design choice.
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[0033] In various embodiments, the PRU 400 illustrated may
include an Up-Link (UL) PRU. The PRU 400 may include 18 sub-
carriers or frequency bandwidth sub-divisions, and 6 symbols
or time divisions. In such an embodiment, the PRU 400 may
therefore include 108 sub-carriers or blocks. Although, it
is understood that the above is merely one illustrative exam-—
ple to which the disclosed subject matter is not limited.

[0034] In various embodiments, a portion of the PRU 400
may be allocated to form a plurality of channel sounding
groups (CSGs). In the illustrated embodiment, three CSGs may
be allocated, CSG 402, CSG 402b, and CSG 402c. In various
embodiments, these CSGs 402 may be allocated or created by a
controlling device (e.g., a bases station).

[0035] In some embodiments, each of these CSGs 402 may in-
clude a plurality of contiguous blocks of the PRU. For exam-
ple, it may be seen in the illustrated embodiment that each
CSG 402 includes six blocks 401, three sub-carriers high and
two symbols wide (3x2). Although, it is understood that the
above is merely one illustrative example to which the dis-
closed subject matter is not limited.

[0036] In this context, because these CSGs 402 include
more than one block in length and width, they may be consid-
ered to be two-dimensional, having both frequency and time or
symbol components. This is contrasted with a block group,
such as data 406, which includes only the width of one block
or sub-carrier 401, and therefore may be considered one-
dimensional, in this context, and only having a freguency
component .

[0037] Generally, frequency-division multiplexing (FDM) is
a form of signal multiplexing where multiple signals are
modulated on different frequency carrier waves or sub-
carriers. In various embodiments, a CSG 402 may include a

plurality of frequency sub-carriers, and, therefore, be said
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to include FDM. Likewise, code-division multiplexing (CDM)
is generally a form of signal multiplexing where multiple
codes or symbols are used to modulate a signal. In wvarious
embodiments, the CSG 402 may include a plurality of symbol
blocks or sub-carriers, and therefore be said to include CDM.
In such an embodiment, the two-dimensional CSG 402 may in-
clude both FDM and CDM.

[0038] In various embodiments, the controlling device
(e.g., a bases station) may communicate the CSG 402 alloca-
tion to one or more listening devices (e.g., a mobile sta-
tions) associated with the controlling device. However, it
is understood, that in some embodiments, while a BS may
transmit such a signal or message some of the MSs may not,
for various reasons (e.g., noise, movement out of range,
etc.) receive the signal. This message or signal may, in one
embodiment, instruct or cause the MSs to use the allocated
CSGs 402 to transmit a channel sounding signal.

[0039] In various embodiments, a second message or signal,
separate from the allocation message (e.g., a channel quality
signal), may be used to trigger or request the transmittal of
the channel sounding signal from the MSs. In some embodi-
ments, this channel sounding signal may indicate that each MS
may test the channel quality, a respectively experienced, and
selectively transmit a channel sounding signal only if the
measured channel quality exceeds a certain threshold or cri-
teria. In various embodiments, this signal may include the
pilot signal 404. Although, it is understood that the above
are merely a few illustrative examples to which the disclosed
subject matter is not limited.

[0040] In such an embodiment, the plurality of MSs may re-
spond using the CSGs 402. 1In various embodiments, the MSs
may respond using each of the CSGs 402, 402b, and 402c. 1In

some embodiments, the channel sounding signal may include a
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sounding message including one value for each block of par-
ticular CSG (e.g., CSG 402, 402b, and 402c). In various em-—
bodiments, this value may be a substantially unigque identifi-
cation code associated with the transmitting MS. 1In various
embodiments, the same channel sounding signal may be trans-
mitted by a MS using all three CSGs 402, 402b, and 402c.
[0041] In various embodiments, the BS may use the received
channel sounding signals to estimate or determine the quality
of the channel used by the PRU 400. 1In various embodiments,
this may include determining a channel quality estimation for
each MS.

[0042] For example, a first MS (MS #1, e.g., MS 106 of
Fig. 1) may transmit its channel sounding signal on all three
illustrated CSGs 402, 402b, and 402c. Likewise, a second MS
(MS #2, e.g., MS 110 of Fig. 1) may also transmit its channel
sounding signal on all three illustrated CSGs 402, 402b, and
402c. However, the BS may receive these signals with various
degrees of strength and clarity. In one embodiment, the BS
may receive MS #1’s channel sounding signal on all three CSGs
402, 402b, and 402c¢ but only receive MS #2’s channel sounding
signal on CSG 402 and CSG 402c. From this the BS may infer
that messages transmitted to MS #2 using the sub-channels
comprising CSG 402b may not be received by MS #2. Although,
it is understood that the above is merely one illustrative
example to which the disclosed subject matter is not limited.
[0043] Returning to the above specific example, the BS may
be expecting channel sounding signals from three MSs (e.g.,
MSs 106, 108 and 110 of Fig. 1). If at least one channel
sounding signal is received via a CSG (e.g., CSG 402 which
was used by both MS #1 and MS #2 of the example above), it
may be desirable to determine which MS transmitted the re-
ceived channel sounding signal.

[0044] In various embodiments, the controlling device
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(e.g., a base station) may assign specific identification
codes to each listening device (e.g., a mobile station). 1In
one embodiment, the BS may assign, to each MS or antenna
thereof associated with it, a substantially unique identifi-
cation code. 1In some embodiments, these substantially unique
identification codes may be substantially orthogonal (e.g., a
Walsh code, etc.). In such an embodiment, the BS may be able
to determine, using the orthogonal codes, which MSs or anten-
nas transmitted the channel sounding signal for each CSG 402.
For example, the BS may use the XOR Boolean operation to cor-
relate a received signal with the identification code associ-
ated with a given MS or antenna.

[0045] In various embodiments, a channel sounding group
402 may include one block (e.g., a code symbol or frequency
band) for each mobile station or antenna associated with the
allocating or controlling device (e.g., a base station). 1In
such an embodiment, the CSG 402 may include enough symbols to
uniquely identify each MS or antenna. For example, a system
with six MSs or antennas (e.g., 3 MSs each with 2 antennas)
may be unigquely identified via orthogonal identification
codes of six bits. In such an embodiment, a 3x2 CSG (e.g.,
CSG 402, 402b or 402c) would include enough symbols (2 sym-
bols per 3 frequency bands, totaling 6 sub-carriers 401) to
fully communicate the assigned identification code. Al-
though, it is understood that the above are merely a few il-
lustrative examples to which the disclosed subject matter is
not limited.

[0046] In various embodiments, if the number of MSs or an-—
tennas associated with a BS changes (e.g., moving in or out
of range, etc.), the BS may reassign identification codes and
subsequently allocate differently sized CSGs 402. For exam-
ple, if only 4 MSs exist a CSG may include a 2x2 block (not
illustrated). Or, if 8 MSs exist a CSG may include a 4x2
block. Although, it is understood that the above is merely
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one illustrative example to which the disclosed subject mat-
ter is not limited.

[0047] In less desirable embodiments, a channel sounding
group (CSG) may not be large enough to allow for uniquely
identifying all associated MSs or antennas. For example, if
seven MSs or antennas exist, the CSG 402 (a 3x2 CSG) would
include one less block or sub-carrier 401 (symbol or fre-
quency band) than needed to use Walsh coding to provide or-
thogonal identification codes. In such an embodiment, the BS
may re—-assign mostly unigque identifiers to each MS or, 1in one
embodiment, the BS may simply accept that the origin of some
channel sounding signals may be indeterminate and assign
identifiers in such a way as to minimize or manage that pos-
sibility. It is understood that in other embodiments, the
size of the CSG may be increased to accommodate the extra MSs
or antennas.

[0048] In various embodiments, the size of the CSGs may be
determined by the lowest power of two (e.g., 2, 4, 8, 1o,
etc.) that may accommodate the MSs or antennas. In another
embodiment, the CSGs may be rectangular. In yet another em-
bodiment, the CSGs may be non-rectangular or jagged, as would
occur with a two-dimensional CSG of five blocks 401. Al-
though, it is understood that the above are merely a few il-
lustrative examples to which the disclosed subject matter is
not limited.

[0049] In various embodiments, the MSs may be divided into
user groups. In such an embodiment, the BS may allocate
CSGs, not to all the MSs associated with BS but to a selected
user group. In various embodiments, this may improve the
channel estimation accuracy of the physical resource unit.
Conversely, 1n one embodiment, the CSGs within one PRU can be
allocated to the multiple user groups, which may increase the

sounding users.
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[0050] In various embodiments, the controlling device
(e.g., a bases station) may allocate the number and position
(within the PRU) of the CSGs (e.g., CSG 402, 402b, and 402c)
to assist channel quality estimation. For example, in vari-
ous embodiments, frequency selective fading is the phenomenon
that channel quality often differs by frequency. Two identi-
cal signals, transmitted on different frequencies, may not
both be received. 1In one frequency band the noise or inter-
ference may be substantial, while in a second frequency band
it may be non-existent, to highlight the phenomenon. Al-
though, it is understood that the above is merely one illus-
trative example of an affecter of channel quality to which
the disclosed subject matter is not limited.

[0051] In one embodiment, the BS may allocate a first CSG
block (e.g., CSG #1 402) at the lower frequency edge of the
PRU. In such an embodiment, the BS may then allocate a sec-
ond CSG block (e.g., CSG #2 402b) at the upper frequency edge
of the PRU. 1In various embodiments, the PRU may experience
above average or even significant frequency selective fading
at the edges of the PRU’s frequency range. This is often re-
ferred to as “frequency roll-off”. 1In such an embodiment, by
allocating CSGs to the frequency edges of the PRU 400, a
“worst case” estimation of channel quality may be obtained.
[0052] In another embodiment, the BS may allocate CSGs 402
and 402b to the edges of the frequency range of the PRU 400,
and a third or additional CSG 402c¢c to middle or substantially
the middle of the frequency range of the PRU 400. An embodi-
ment with three CSGs (e.g., CSGs 402, 402b and 402c) may pro-
duce three separate channel quality data points generally
spread across the entire freguency range of the PRU 400. 1In
such an embodiment, the BS may obtain a more accurate estima-
tion of the channel’s quality. 1In various embodiments, addi-

tional CSG’s may be used. In some embodiments, the BS may
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allocate CSGs or different sizes; although if substantially
orthogonal identification codes are used the benefit of this
may not be great.

[0053] In various embodiments, as a CSG 402 is made or al-
located to be longer in the frequency domain, the value of
the information returned by the MS’s channel sounding signal
may be reduced (relative to shorter frequency-wise CSGs).
Each CSG 402 may provide an average channel quality estima-
tion for that CSG. If a 3x2 CSG is used, in one embodiment,
three frequency sub-channels may be estimated or averaged to-
gether to provide a single data point. In various embodi-
ments, this may be acceptable as the channel guality from a
first sub-carrier may be roughly similar to a sub-carrier one
frequency block away. But, in various embodiments, the cor-
relation between the channel quality of two sub-channels of-
ten decreases as the distance (frequency-wise) from them in-
crease. For example, channel quality of that first sub-
carrier may be less similar to a sub-carrier three frequency
blocks away, and even less similar to a sub-carrier five
blocks away. Therefore, in various embodiments, the BS may
allocate CSG blocks within a pre-defined or configurably de-
fined acceptable fregquency height.

[0054] In various embodiments, the BS may also allocate
the CSGs 402 based upon other uses made of the RPU 400. For
example, a number of blocks may be unmovable or pre-
allocated, such as, pilot blocks 404. In such an embodiment,
certain blocks may be pre-allocated or positionally defined
by a communications standard or protocol. An example may in-
clude the pilot blocks or tones 404 that may, in one embodi-
ment, be used by the BS to transmit the BS’s sounding signal
which may be used for signal strength measurements, channel
response estimation, etc.. Although, it is understood that
the above are merely a few illustrative examples to which the

disclosed subject matter is not limited.
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[0055] In another embodiment, the BS may also allocate
CSGs 402 based upon more configurable users made of the RPU
400. For example, the BS may also allocate data blocks
(e.g., data 4006). In such an embodiment, the BS may allocate
both the data blocks (e.g., data 406) and the CSGs (e.g.,
CSGs 402, 402b, and 402c) such that interference between the
blocks is reduced (e.g., increased spacing), that one type
(e.g., data) has priority over the other if a conflict arises
(e.g., if both desired data usage and CSG usage would exceed
the size of the PRU 400, etc.), etc.. Although, it is under-
stood that the above are merely a few illustrative examples
to which the disclosed subject matter is not limited.

[0056] In various embodiments, once the MS’s channel
sounding signals have been received via the CSGs 402, the BS
may estimate the channel quality of the channel used by the
RPU 400. 1In one embodiment, the BS may compare the received
channel sounding signal to an expected channel sounding sig-
nal to determine the quality of the received sounding signal
and, based upon that, the quality of the channel. In wvarious
embodiments, the BS may determine qualities such as, for ex-
ample, signal-to-noise ratio, a signal-to-interference and
noise ratio, received signal strength, or any other channel
quality; although, it is understood that the above are merely
a few illustrative examples to which the disclosed subject
matter is not limited.

[0057] In one embodiment, the BS may simply average the
channel quality provided via the CSGs 402. 1In another em-
bodiment, the BS may use a finer level of granularity is es-
timate the channel quality. In one embodiment, a rough curve
or values representing a mathematical equivalent may be
formed using the data points provided by the CSGs 402. 1In
another embodiment, a pre-defined or configurable weighting

of the data points provided by the CSGs 402 may be used. Al-
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though, it is understood that the above are merely a few il-
lustrative examples to which the disclosed subject matter is
not limited.

[0058] In various embodiments, this channel quality esti-
mation may occur for each MS or antenna. In such an embodi-
ment, the channel quality estimated for a first and a second
MS may differ radically. In various embodiments, if an MS
estimates the channel quality to be above or certain criteria
or threshold, the MS may respond with a channel sounding sig-
nal. In such an embodiment, the MS may transmit or broadcast
this channel sounding signal on all allocated CSGs (e.g., CSG
402, 402b, and 402c). Although, 1t is understood that due to
channel conditions (e.g., frequency selective fading, etc.)
the BS may not receive the MS’s channel sounding signal on
all of the CSGs, as described above.

[0059] In some embodiments, the BS may then allocate data
blocks (e.g., data 406) to each MS based upon the estimated
channel quality associated with the respective MS. Continu-
ing the example above, the BS may, in one embodiment, attempt
to allocate data blocks to the third MS that are in, as much
as possible, the middle to lower end of the RPU’s 400 fre-
quency range. The BS may, in one embodiment, freely allocate
any data blocks to the second MS. While, in one embodiment,
the BS may allocate none or little data blocks to the first
non-responsive MS. Although, it is understood that the above
are merely a few illustrative examples to which the disclosed
subject matter is not limited. In various embodiments, the BS
may not include the fine level or granularity to position
data block allocation within the frequency range based upon
individual CSG 402 responses.

[0060] FIG. 5 is a block diagram of an example embodiment
of a physical resource unit 500 in accordance with the dis-

closed subject matter. Fig. 5 illustrates an example embodi-
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ment mentioned above (in reference to Fig. 4). 1In such an
embodiment, the BS or allocating device may allocate only two
CSGs 502 and 502b. In various embodiments, these CSGs 502
and 502b may be allocated at the edge of the RPU’s 500 fre-
gquency range. Also, Fig. 5 illustrates that the CSGs 502 and
502b need not be limited to a 3x2 configuration but may be
allocated in different shapes and orientations (e.g., 2x4,
etc.). In such an embodiment, the CSGs 502 and 502b may ac-
commodate up to eight substantially orthogonal identification
codes and therefore up to eight MSs or antennas. Although,
it is understood that the above are merely a few illustrative
examples to which the disclosed subject matter is not lim-—
ited.

[0061] FIG. 6 is a block diagram of an example embodiment
of a system 600 in accordance with the disclosed subject mat-
ter. In one embodiment, the system 600 may include a BS 602,
a first mobile station 604, a second mobile station 606. In
various embodiments, the mobile stations may include a first
antenna and a second antenna. However, it is understood that
the disclosed subject matter is not limited to a fixed number
of antennas and that Fig. 6 is merely an illustrative embodi-
ment.

[0062] In one embodiment, the BS 602 may establish an as-
sociation or a connection with at least one mobile station,
as described above. In various embodiments, this establish-
ment may include broadcasting a message identifying the BS
602, receiving a message from the respective MSs requesting
an association, and authenticating the MS; although, it is
understood that the above is merely one illustrative example
to which the disclosed subject matter is not limited.

[0063] In one embodiment, the BS 602 may broadcast or in-
dividually transmit an identification code assignment message

610 to each MS 604 and 606. In various embodiments, this
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identification code assignment message 610 may include a sub-
stantially unique identifier or code to each mobile station

(e.g., MSs 604 and 606) or to each antenna of the MSs. 1In
various embodiments, the identification code may be substan-
tially orthogonal with every other MS associated with the BS
602, as described above. 1In such an embodiment, this code
may be used to identify from which MS or antenna a message or
signal (e.g., channel sounding signal 614) originates, as de-
scribed above.

[0064] In various embodiments, the code assignment message
610 may include a specific message. In another embodiment,
the code assignment message 610 may be included as part of
another message (e.g., a MS attachment response message,
etc.). In such an embodiment, the code assignment message
610 may include a parameter or element of the other or car-
rier message. In one such embodiment, the code assignment
message 610 may be or include a type-length-value (TLV) ele-
ment that specifics that it is a parameter or element includ-
ing the code assignment and a value for the code or codes as-
signment. A specific embodiment of a substantially uniquely
identifiable code assignment is discussed above in reference
to Fig. 4. Although, it is understood that the above are
merely a few illustrative examples to which the disclosed
subject matter is not limited.

[0065] In one embodiment, the BS 602 may transmit or
broadcast a channel sounding group (CSG) allocation message
cl11. In various embodiments, the CSG allocation message 611
may include the sub-carrier allocations for the channel
sounding groups allocated by the BS 602, as described above.
In such an embodiment, the receiving MSs 604 and 606 may then
know to transmit their channel sounding signals 614 via the
allocated sub-carriers. In various embodiments, the CSG al-
location message 611 may be included as part of another re-

source block allocation message (e.g., including data alloca-
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tion, etc.) transmitted or broadcast from the BS 602.

[0066] In one embodiment, the BS 602 may transmit or
broadcast a signal or message, which may be referred to as a
channel quality signal 612, to at least one mobile station
actively associated with the base station (e.g., MSs 604 and
606). In various embodiments, the channel quality signal 612
may cause or indicate to the receiving MSs 604 and 606 that
they should transmit their channel sounding signals 614 dur-—
ing the allocated sub-carriers indicated by the CSG alloca-
tion message 611, as described above.

[0067] In various embodiments, the CSG allocation message
611 and the channel gquality signal 612 may be the same mes-
sage or signal. For example, the allocation of channel
soundings groups (CSGs) within the CSG allocation message 611
may indicate that the receiving MSs should transmit their
channel sounding signal, via the allocated CSGs, during the
next available uplink period. In such an embodiment, the
channel allocation message 611 may act as the channel quality
signal 612. In another embodiment, a CSG allocation message
611 may only be transmitted when the CSGs are first allocated
or changed. The CSGs sub-carriers, in such an embodiment,
may be remembered by the MSs 604 and 606 and used when a
channel quality signal 612 is received. Although, it is un-
derstood that the above are merely a few illustrative exam-
ples to which the disclosed subject matter is not limited.

[0068] In various embodiments, the BS 602 may transmit a
channel quality signal 612 opportunistically. In another em-—
bodiment, the BS 602 may transmit a channel quality signal
612 periodically or, in one embodiment, as part of every
frame. In various embodiments in which the channel quality
signal 612 1is transmitted opportunistically, the BS 602 may
monitor or accumulate data regarding the communications chan-

nel conditions (e.g., number of resend requests, number of
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MSs, channel quality experienced by the BS 602, etc.). 1In
such an embodiment, the BS 602 may broadcast a channel qual-
ity signal 612 when it is determined that the communications
channel condition has fallen below an acceptable standard or
threshold. In various embodiments, this standard or thresh-
old may be predetermined, configurable, or dynamically ad-
justable, etc. In various embodiments, this standard or
threshold may be a relative (versus absolute) standard (e.g.,
a rate of change of the communications channel’s condition,
etc.).

[0069] In various embodiments, the opportunistic unsolic-
ited transmission of the channel quality signal 612 may re-—
duce the overall overhead of MIMO feedback (e.g., as compared
to non-opportunistic schemes). In some embodiments, the pe-
riodic or opportunistic unsolicited transmission of the chan-
nel quality signal 612 may reduce the power requirements or
drain experienced by the MSs (e.g., due to the reduced chan-
nel sounding signals 614).

[0070] In some embodiments, each MS 604 and 606 may trans-—
mit a channel sounding signal 614 to the BS 602 via the allo-
cated CSGs (as indicated by CSG allocation message 611). As
described above, in various embodiments, each MS may transmit
its identification code, as received by the code assignment
message 610. In an example embodiment, each MS (or antenna)
may be assigned a unique code, such as a different orthogonal
Code Division Multiple Access (CDMA) code via code assignment
message 610. Each MS (or each antenna in a multiple antenna
embodiment) may encode its channel sounding signal 614 using
the orthogonal CDMA code assigned to the MS, as described
above.

[0071] In various embodiments, the BS 602 may perform
channel quality estimation, as illustrated by Block 616. As

described above, in various embodiments, the BS 602 may, for
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each CSG, determine which if the MSs 604 and 606 transmitted
any received channel sounding signals 614. 1In various em-
bodiments, it may make this determination using the assigned
MS identification codes.

[0072] As described above, in various embodiments, the BS
602 may compare the received channel sounding signals 614 to
an expected channel sounding signal. Using this comparison,
the BS 602 may determine channel quality characteristics, for
each MS 404 and 406 associated with the BS 602as described
above.

[0073] In various embodiments, the BS 602 may use the de-
termined individual MS channel quality estimates to allocate
resources to the MS or antennas (e.g., MSs 604 and 606), as
described above. In various embodiments, the BS 602 may as-—
sume that channel gquality in the uplink (UL) direction corre-
lates well with the channel guality in the downlink (DL) di-
rection, and allocate both DL and UL resources. In one em-
bodiment, resource allocation message 616 may include physi-
cal resource unit or sub-carrier allocation to specific MSs
(e.g., MSs 604 and 606). In various embodiments, the re-
source allocation message 616 may be of the same type or form
as the CSG allocation message 611.

[0074] FIG. 7 is a flow chart of an example embodiment of
a technique 700 in accordance with the disclosed subject mat-
ter.

[0075] Block 702 illustrates that, in one embodiment, an
association between the base station and at least one mobile
station (MS) may be established via a communications channel,
wherein the communications channel is divided into physical
resource units (PRUs), as described above. In various em-—
bodiments, establishing may include actions or steps taken by
a base station. In some embodiments, steps or actions taken

by a mobile station or other device may be outside the scope
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of the actions illustrated by Block 702; although, it is un-
derstood such mobile station or other device actions may be
the cause or effects of establishment actions taken by a base
station or apparatus employing the described technique. 1In
various embodiments, the action(s) described above may be
performed by one or more of the following: a base station 104
of Fig. 1, a transceiver 202 of Fig. 2, or a base station 602
of Fig. 6, as described above.

[0076] Block 704 illustrates that, in one embodiment, a
substantially orthogonal identification code may be assigned
to each of the one or more mobile stations, as described
above. In some embodiments, assigning may include transmit-
ting the identification code to the mobile stations. 1In
various embodiments, the action(s) described above may be
performed by one or more of the following: a base station 104
of Fig. 1, the transceiver 202 or controller 204 of Fig. 2,
or a base station 602 of Fig. 6, as described above.

[0077] Block 706 illustrates that, in one embodiment, a
plurality of channel sounding groups (CSGs) may be allocated,
within a single physical resource unit (PRU), as described
above. In various embodiments, the CSGs may include both a
frequency division multiplexing (FDM) allocation and a code
division multiplexing (CDM) allocation, as described above.
In another embodiment, allocating may include allocating, for
each channel sounding group, a contiguous two-dimensional
block of the physical resource unit, as described above. In
yet another embodiment, allocating may include allocating to
the channel sounding group either one code symbol or one fre-
quency band for each mobile station associated with an allo-
cating device, as described above. In further embodiments,
allocating may also include allocating a first channel sound-
ing group at a lower frequency edge of the PRU, and allocat-
ing a second channel sounding group at an upper frequency

edge of the PRU, as described above. In some embodiments,
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allocating may also include allocating a third channel sound-
ing group substantially in the middle of the frequency range
of the PRU, as described above. In one embodiment, allocat-
ing may include increasing channel quality estimation accu-
racy by allocating channel sounding groups to compensate for
frequency selective fading, as described above. In various
embodiments, allocating may include transmitting the alloca-
tion to one or more mobile stations, as described above. In
various embodiments, the action(s) described above may be
performed by one or more of the following: a base station 104
of Fig. 1, the transceiver 202 or controller 204 of Fig. 2,
or a base station 602 of Fig. 6, as described above.

[0078] Block 708 illustrates that, in one embodiment, a
signal may be broadcast, in a downlink direction to one or
more mobile stations in a wireless network. Wherein the
causes the receiving mobile stations to transmit a channel
sounding signal, as described above. In various embodiments,
broadcasting may include transmitting a message that indi-
cates the channel sounding groups allocation, as described
above. In various embodiments, the action(s) described above
may be performed by one or more of the following: a base sta-
tion 104 of Fig. 1, the transceiver 202 of Fig. 2, or a base
station 602 of Fig. 6, as described above.

[0079] Block 710 illustrates that, in one embodiment, at
least one channel sounding signal from at least one of the
one or more mobile stations, may be received, as described
above. In various embodiments, the channel sounding signal
may be received in an uplink direction via one or more chan-
nel sounding groups, as described above. In some embodi-
ments, the received signal may include a sounding signal en-
coded by a Code Division Multiple Access (CDMA) signal to
provide a CDMA encoded sounding signal, as described above.
In another embodiment, receiving may include receiving the

assigned orthogonal identification code assigned to the
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transmitting respective mobile station, as described above.
In various embodiments, the action(s) described above may be
performed by one or more of the following: a base station 104
of Fig. 1, the transceiver 202 of Fig. 2, or a base station
602 of Fig. 6, as described above.

[0080] Block 712 illustrates that, in one embodiment, com-
munications resources may be allocated based upon the re-
ceived at least one signal from at least one of the one or
more mobile stations, as described above. In some embodi-
ments, allocating may include transmitting or broadcasting
the allocation to one or more mobile stations. In various
embodiments, the action(s) described above may be performed
by one or more of the following: a base station 104 of Fig.
1, the transceiver 202 or controller 204 of Fig. 2, or a base
station 602 of Fig. 6, as described above.

[0081] FIG. 8 is a flow chart of an example embodiment of
a technique 800 in accordance with the disclosed subject mat-
ter.

[0082] Block 802 illustrates that, in one embodiment, an
identification code may be received, in a downlink direction,
as described above. In various embodiments, the identifica-
tion code may identify the receiving apparatus in a manner
that is substantially orthogonal and substantially unique
compared to other assigned identification codes, as described
above. In various embodiments, the action(s) described above
may be performed by one or more of the following: the mobile
stations 106, 108, or 110 of Fig. 1, the transceiver 202,
memory 206, or identifier 210 of Fig. 2, or the mobile sta-
tion 604 or 606 of Fig. 6, as described above.

[0083] Block 804 illustrates that, in one embodiment, an
allocation, within a single physical resource unit (PRU), of
a plurality of channel sounding groups may be received, in a

downlink direction, as described above. In various embodi-
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ments, each channel sounding group may include both a fre-
quency division multiplexing (FDM) allocation and a code di-
vision multiplexing (CDM) allocation, as described above. In
some embodiments, channel sounding group may include a con-—
tiguous two-dimensional block of the physical resource unit,
as described above. In various embodiments, the action(s)
described above may be performed by one or more of the fol-
lowing: the mobile stations 106, 108, or 110 of Fig. 1, the
transceiver 202 of Fig. 2, or the mobile station 604 or 606
of Fig. 6, as described above.

[0084] Block 806 illustrates that, in one embodiment, a
channel sounding signal may be broadcast or transmitted in an
uplink direction via one or more channel sounding groups, as
described above. In various embodiments, the channel sound-
ing signal may include the received identification code, as
described above. In various embodiments, the action(s) de-
scribed above may be performed by one or more of the follow-
ing: the mobile stations 106, 108, or 110 of Fig. 1, the
transceiver 202 of Fig. 2, or the mobile station 604 or 606
of Fig. 6, as described above.

[0085] Implementations of the various techniques described
herein may be implemented in digital electronic circuitry, or
in computer hardware, firmware, software, or in combinations
of them. Implementations may be implemented as a computer
program product, i.e., a computer program tangibly embodied
in an information carrier, e.g., in a machine-readable stor-
age device or in a propagated signal, for execution by, or to
control the operation of, data processing apparatus, e.g., a
programmable processor, a computer, or multiple computers. A
computer program, such as the computer program(s) described
above, can be written in any form of programming language,
including compiled or interpreted languages, and can be de-
ployed in any form, including as a stand-alone program or as

a module, component, subroutine, or other unit suitable for
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use in a computing environment. A computer program can be de-
ployed to be executed on one computer or on multiple com-—
puters at one site or distributed across multiple sites and
interconnected by a communication network.

[0086] Method steps may be performed by one or more pro-
grammable processors executing a computer program to perform
functions by operating on input data and generating output.
Method steps also may be performed by, and an apparatus may
be implemented as, special purpose logic circuitry, e.g., an
FPGA (field programmable gate array) or an ASIC (applica-
tion-specific integrated circuit).

[0087] Processors suitable for the execution of a computer
program include, by way of example, both general and special
purpose microprocessors, and any one or more processors of
any kind of digital computer. Generally, a processor will
receive instructions and data from a read-only memory or a
random access memory or both. Elements of a computer may in-
clude at least one processor for executing instructions and
one or more memory devices for storing instructions and data.
Generally, a computer also may include, or be operatively
coupled to receive data from or transfer data to, or both,
one or more mass storage devices for storing data, e.g., mag-
netic, magneto-optical disks, or optical disks. Information
carriers suitable for embodying computer program instructions
and data include all forms of non-volatile memory, including
by way of example semiconductor memory devices, e.g., EPROM,
EEPROM, and flash memory devices; magnetic disks, e.g., in-
ternal hard disks or removable disks; magneto-optical disks;
and CD-ROM and DVD-ROM disks. The processor and the memory
may be supplemented by, or incorporated in special purpose
logic circuitry.

[0088] While certain features of the described implementa-

tions have been illustrated as described herein, many modifi-
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cations, substitutions, changes and equivalents will now oc-
cur to those skilled in the art. It is, therefore, to be un-
derstood that the appended claims are intended to cover all
such modifications and changes as fall within the scope of

the embodiments.
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CLAIMS:

1. A method comprising:

allocating, within a single physical resource unit (PRU), a
plurality of channel sounding groups,

wherein each channel sounding group includes both a fre-
gquency-time domain code division multiplexing (CDM) alloca-
tion;
broadcasting, in a downlink direction to one or more mobile
stations in a wireless network, a signal that causes the re-
ceiving mobile stations to transmit a channel sounding sig-
nal;
receiving at least one channel sounding signal from at least
one of the one or more mobile stations, the channel sounding
signal being received in an uplink direction via one or more
channel sounding groups; and
estimating the channel gquality, of the channel used by the
physical resource unit, based upon the received at least one

channel sounding signal.

2. The method of claim 1 wherein the received signal com-
prises a sounding signal encoded by a Code Division Multiple
Access (CDMA) signal to provide a CDMA encoded sounding sig-

nal.

3. The method of claim 1 wherein allocating includes allo-
cating, for each channel sounding group, a contiguous two-

dimensional block of the physical resource unit.

4. The method of claim 1 wherein allocating includes allo-
cating to the channel sounding group sub-carrier for each mo-

bile station associated with an allocating device.

5. The method of claim 1 wherein allocating includes:

allocating a first channel sounding group at a lower fre-

quency edge of the PRU; and
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allocating a second channel sounding group at a higher fre-

quency edge of the PRU.

6. The method of claim 5 wherein allocating includes:

allocating a third channel sounding group substantially in a

middle of the frequency range of the PRU.

7. The method of claim 1 further including:

allocating communications resources based upon the received
at least one signal from at least one of the one or more mo-

bile stations.

3. The method of claim 1 wherein broadcasting includes:

transmitting a message that indicates the channel sounding

groups allocation.

9. The method of claim 1 wherein allocating includes:

allocating the channel sounding groups to a selected portion
of the one or more mobile stations forming a user group; and
wherein broadcasting includes:

a signal that causes only the mobile station(s) of the se-

lected user group to transmit a channel sounding signal.

10. The method of claim 1 further including:

assigning to each of the one or more mobile stations a sub-
stantially orthogonal identification code; and

wherein receiving at least one signal from at least one of
the one or more mobile stations includes receiving the as-
signed orthogonal identification code assigned to the respec-

tive transmitting mobile station.

11. The method of claim 1 wherein allocating includes:

increasing channel quality estimation accuracy by allocating
channel sounding groups such as a contiguous two-dimensional
block of the physical resource unit to compensate for fre-

quency selective fading.
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12. An apparatus comprising:

a transceiver; and
a controller;
wherein the apparatus is configured to:
allocate, within a single physical resource unit (PRU), a
plurality of channel sounding groups,

wherein each channel sounding group includes a fre-
quency-time domain allocation and a code domain allocation;
broadcast, in a downlink direction to one or more mobile sta-
tions in a wireless network, a signal that causes the receiv-
ing mobile stations to transmit a channel sounding signal;
receive at least one channel sounding signal from at least
one of the one or more mobile stations, the channel sounding
signal being received in an uplink direction via one or more
channel sounding groups; and
estimate the channel gquality, of the channel used by the en-
tire physical resource unit, based upon the received at least

one channel sounding signal.

13. The apparatus of claim 12 wherein the apparatus is con-
figured to allocate, for each channel sounding group, a con-

tiguous two-dimensional block of the physical resource unit.

14. The apparatus of claim 12 wherein the apparatus is con-
figured to allocate to the channel sounding group either one
code symbol or one frequency band for each mobile station as-

sociated with an allocating device.

15. The apparatus of claim 12 wherein the apparatus is con-

figured to allocate:

a first channel sounding group at a lower frequency edge of
the PRU;

a second channel sounding group at a higher frequency edge of
the PRU; and

a third channel sounding group substantially in a middle of a

frequency range of the PRU.
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16. The apparatus of claim 12 wherein the apparatus is con-
figured to allocate communications resources based upon the
received at least one signal from at least one of the one or

more mobile stations.

17. The apparatus of claim 12, wherein the apparatus is con-

figured to:

assign to each of the one or more mobile stations a substan-
tially orthogonal identification code; and

receive, as part of the channel sounding signal, the assigned
orthogonal identification code assigned to the respective

transmitting mobile station.

18. A method comprising:

receiving, in a downlink direction, an allocation, within a
single physical resource unit (PRU), of a plurality of chan-
nel sounding groups,

wherein each channel sounding group includes a fre-
quency-time domain allocation and code domain allocation; and
broadcasting a channel sounding signal in an uplink direction

via one or more channel sounding groups.

19. The method of claim 18 further comprising:

receiving, in a downlink direction, an identification code
that identifies the receiving apparatus in a manner that is
substantially orthogonal and substantially unigue compared to
other assigned identification codes; and

wherein the channel sounding signal includes the received

identification code.

20. The method of claim 18 wherein each channel sounding
group 1ncludes a contiguous two-dimensional block of the

physical resource unit.

21. An apparatus comprising:
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a transceiver; and
a controller;
wherein the apparatus is configured to:
receive, 1in a downlink direction, an allocation, within a
single physical resource unit (PRU), of a plurality of chan-
nel sounding groups,

wherein each channel sounding group includes a fre-
quency-time domain code division multiplexing (CDM) alloca-
tion; and
broadcast a channel sounding signal in an uplink direction

via the allocated channel sounding groups.

22. A method comprising:

allocating, within a single physical resource unit (PRU), a
plurality of channel sounding groups,

wherein each channel sounding group includes both a fre-
quency domain and time domain allocation;
broadcasting, in a downlink direction to one or more mobile
stations in a wireless network, a signal that causes the re-
ceiving mobile stations to transmit a channel sounding sig-
nal;
receiving at least one channel sounding signal from at least
one of the one or more mobile stations, the channel sounding
signal being received in an uplink direction via one or more
channel sounding groups; and
estimating the channel gquality, of the channel used by the
physical resource unit, based upon the received at least one

channel sounding signal.

23. An apparatus comprising:

a transceiver; and
a controller;
wherein the apparatus is configured to:
allocate, within a single physical resource unit (PRU), a
plurality of channel sounding groups,

wherein each channel sounding group includes a code di-
vision multiplexing (CDM) allocation in both the frequency

domain and the time domain;
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broadcast, in a downlink direction to one or more mobile sta-
tions in a wireless network, a signal that causes the receiv-
ing mobile stations to transmit a channel sounding signal;
receive at least one channel sounding signal from at least
one of the one or more mobile stations, the channel sounding
signal being received in an uplink direction via one or more
channel sounding groups; and

estimate the channel gquality, of the channel used by the en-
tire physical resource unit, based upon the received at least

one channel sounding signal.

24. A method comprising:

receiving, in a downlink direction, an allocation, within a
single physical resource unit (PRU), of a plurality of chan-
nel sounding groups,

wherein each channel sounding group includes a freguency
domain allocation and time domain allocation; and
broadcasting a channel sounding signal in an uplink direction

via one or more channel sounding groups.

25. An apparatus comprising:

a transceiver; and
a controller;
wherein the apparatus is configured to:
receive, 1in a downlink direction, an allocation, within a
single physical resource unit (PRU), of a plurality of chan-
nel sounding groups,

wherein each channel sounding group includes a code di-
vision multiplexing (CDM) allocation in both the frequency
domain and the time domain; and
broadcast a channel sounding signal in an uplink direction

via the allocated channel sounding groups.



WO 2010/046202 PCT/EP2009/062571
1/8

Wireless Network — So—,

- ~
102 / \

Mgiie
Station

M&ﬁe
Station

Base
Station
104

Gateway
112

A Station
TN — e

Other Network 114

FIG. 1 «



WO 2010/046202 PCT/EP2009/062571
2/8

Y

Transceiver Controller
202 204

Memory
206
201 Apparatus
Y_E_Q_% Transceiver
Antenna #1 211
Controller
204
Antenna #2 212
Memory
identifier(s) =08
210
203 Apparatus

FIG. 2



PCT/EP2009/062571

WO 2010/046202

3/8

SW/ 190 ‘SIOQWAS 9 -t SW 160 ‘SIoquAS g »
bAX el Zie i FARS bAYS Zit bAXS pA%S FAL FA%
NS NS WS WS NS WS NS WS WS WS WS

g -~
\ 7 | ~
-
AN P i -
\
AN S / —~
N\ -~ ~
~” ‘ -
UaTE giE B518 | oo | UgoE 568 3566 qo6e B55E | 506
1n n n VIN 1a 1a 10 1a 1a Vd
f! - -
~ -
~
.,.r -
.II. -
~. -
o
o
0735 706 §70¢ B708
swel Buel 4 BB 4 suiEl

= & 'Ol



WO 2010/046202

4

(-

4 Pilot

|

406 Data

Frequency

4/8

PCT/EP2009/062571

-
/r 401 Blocks

P G

N

4020 I

1 i

b

—

\ 402b \
N csc#2 N

i G




WO 2010/046202 PCT/EP2009/062571
5/8

Symbols

-
404 Pilot 22 -?i&\\\\\ii‘%&\\\\fu

401 Blocks

(-

|

406 Data

Frequency

I
v T




PCT/EP2009/062571

WO 2010/046202

6/8

009

9 "OId

- DS {A] LUOHBO0HY SDUNOSTY T Gt
919
UoIRWINS
AjenD [suuBy)d
reudis Buipunog suuey D 3]@'"
- A r——
i UBIS AHEND (BULBHYD E T Gt
ot . s
sl 55 |f UORBOOYY DS T Gt
ol e
03 JUSULBISSY BP0 [ gmm—————t
909 ¥09 209
c# S {# S Sg




PCT/EP2009/062571

WO 2010/046202
7/8
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2 Establishing an association between the base station and at least
one mobite station (MS) via a communications channel, wherein the
communications channetl is divided into physical resource units (PRUs).
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784 Assigning o each of the one or more mobile stations a
substantially orthogonal identification code

7086 Allocating, within a single physical resource unit (PRU}, a plurality
of channel sounding groups

708 Broadcasting, in a downlink direction to one or more moebile
stations in a wireless network, a signal that causes the receiving mobile
stations to transmit a channel sounding signal

219 Receiving at least one channei sounding signal from at least one of
the one or more mobile stations, the channel sounding signal being
Ireceived in an uplink direction via one or more channel sounding groups

712 Allocating communications resources based upon the received at
least one signal from at feast one of the one or more mobile stations.
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