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FREQUENCY HOPPING DESIGN FOR SINGLE CARRIER FDMA
SYSTEMS

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims benefit under 35 U.S.C. § 119(e) from UsS.
Provisional Patent application Serial No. 60/672,575 entitled Frequency Hopping In
Interleaved Frequency Division Multiple Access Communication Systems, and filed
April 19, 2005, and Provisional Patent Application Serial No. 60/691,755 filed June 15,
2005 the entirety of which is hereby incorporated by reference.

Reference to Co-Pending Applications for Patent

[0002] The present Application for Patent is related to the following co-pending
U.S. Patent Application Serial No. 11/173,873, filed June 30, 2005 assigned to the

assignee hereof, and expressly incorporated by reference herein.

BACKGROUND
I Field
[0003] The following description relates generally to wireless communications, and
more particularly to mitigating interference between user devices in nearby
communication sectors by employing frequency hopping in a single carrier FDMA
network environment.
IL. Background
[0004] Wireless communication systems have become a prevalent means by which a
majority of people worldwide has come to communicate. Wireless communication
devices have become smaller and more powerful in order to meet consumer needs and
to improve portability and convenience. The increase in processing power in mobile
devices such as cellular telephones has lead to an increase in demands on wireless
network transmission systems. Such systems typically are not as easily updated as the
cellular devices that communicate there over. As mobile device capabilities expand, it
can be difficult to maintain an older wireless network system in a manner that facilitates
fully exploiting new and improved wireless device capabilities.
[0005] More particularly, frequency division based techniques typically separate the
spectrum into distinct channels by splitting it into uniform chunks of bandwidth, for

example, division of the frequency band allocated for wireless communication can be
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split into 30 channels, each of which can carry a voice conversation or, with digital
service, carry digital data. Each channel can be assigned to only one user at a time.
One known variant is an orthogonal frequency division technique that effectively
partitions the overall system bandwidth into multiple orthogonal subbands. These
subbands are also referred to as tones, carriers, subcarriers, bins, and frequency
channels. Each subband is associated with a subcarrier that can be modulated with data.
With time division based techniques, a band is split time-wise into sequential time slices
or time slots. Each user of a channel is provided with a time slice for transmitting and
receiving information in a round-robin manner. For example, at any given time 7, a user
is provided access to the channel for a short burst. Then, access switches to another
user who is provided with a short burst of time for transmitting and receiving
informatioﬁ. The cycle of “taking turns” continues, and eventually each user is
provided with multiple transmission and reception bursts.

[0006] A typical wireless communication network (e.g., employing frequency, time,
and code division techniques) includes one or more base stations that provide a
coverage area and one or more mobile (e.g., wireless) terminals that can transmit and
receive data within the coverage area. A typical base station can simultaneously
transmit multiple data streams for broadcast, multicast, and/or unicast services, wherein
a data stream is a stream of data that can be of independent reception interest to a
mobile terminal. A mobile terminal within the coverage area of that base station can be
interested in receiving one, more than one or all the data streams carried by the
composite stream. Likewise, a mobile terminal can transmit data to the base station or
another mobile terminal. Such communication between base station and mobile
terminal or between mobile terminals can be degraded due to channel variations and/or
interference power variations. For example, the aforementioned variations can affect
base station scheduling, power control and/or rate prediction for one or more mobile
terminals.

[0007] In the case of OFDMA-based systems, the particular waveforms and power
required to transmit communication signals thereon typically exhibit an undesirably
high peak-to-average ratio (PAR), which limits the coverage of OFDMA systems due to
the inefficiencies of non-linear power amplifiers. Single carrier FDMA systems can
mitigate problems associated with an undesirably high PAR, but are still subject to a

variety of limitations that create a need in the art for a system and/or methodology of
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mitigating interference between mobile devices and/or sectors in such wireless network

systems.

SUMMARY
[0008] The following presents a simplified summary of one or more embodiments in
order to provide a basic understanding of such embodiments. This summary is not an
extensive overview of all contemplated embodiments, and is intended to neither identify
key or critical elements of all embodiments nor delineate the scope of any or all
embodiments. Its sole purpose is to present some concepts of one or more embodiments
in a simplified form as a prelude to the more detailed description that is presented later.
[0009] According to an aspect, a method of generating transmission symbols can
comprise generating at least one single-carrier FDMA symbol, assigning a set of
subcarriers to transmit the at least one symbol, generating at least one other single
carrier FDMA symbol, and varying subcarrier set assignments according to a
predetermined pattern for transmission of the at least one other single-carrier FDMA
symbol. Varying the subcarrier set assignments can comprise changing an assignment
of at least one offset in a predetermined set of offsets. The predetermined pattern can be
delineated by transmission of a number of frames, expiration of a time period, efc., and
subcarrier set assignments can be varied at fixed intervals delineated by the transmission
of a predetermined number of single-carrier FDMA symbols. Additionally, assigning
subcarriers to a user device can comprise generating a channel tree including a plurality
of nodes, assigning each child node a node value that represents a non-negative integer,
and assigning a user device to a node in the channel tree to define the subcarrier set
assigned to the user device.
[0010] According to another aspect, an apparatus that facilitates frequency hopping for
single carrier FDMA communication can comprise a memory and a processor coupled
with the memory, the processor configured to assign an offset to a user device and to
vary the offset for the user device according to a predetermined pattern. Nodes in the
channel tree can be assigned values, and the processor can read the channel tree along a
path from the node assigned to the user device to the first child node of a root node in
the channel tree and evaluate a value for the path. Additionally, the processor can be
further configured to perform a table lookup to identify an offset corresponding to the

value of the path from the node assigned to the user device to the root node and assigns
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to at least one of the user devices the identified offset. The user device can thus be
assigned an offset corresponding to the value of the path to the node assigned to the user
device from the root node. The processor can periodically permute node value
assignments of one or more nodes in the channel tree to change the offset of the user
device by changing the value of the path from the user-assigned node to the root node.
[0011] According to yet another aspect, an apparatus can comprise means for
generating at least one single-carrier FDMA symbol, means for assigning a set of
subcarriers to transmit the at least one symbol, means for generating at least one other
single carrier FDMA symbol, and means for varying subcarrier set assignments,
according to a predetermined pattern for transmission of the at least one other single-
carrier FDMA symbol. The means for assigning can comprise means for allocating a
node in a channel tree to the user device and means for assigning a value to each node in
the channel tree and means for reading a path in the channel tree from an allocated user
node to a root node to determine a value for nodes in the path that identifies the set of
subcarriers to assign to the user device and a number of subcarriers to include in the set.
The means for varying subcarrier set assignments can periodically alter values assigned
to one or more nodes in the channel tree to vary the value of the path between the
allocated user node and the root node. The means for assigning can assign a new set of
subcarriers associated with the varied value of the path from the allocated user node to
the root node upon variation by the means for varying subcarrier set assignments.
[0012] Yet another aspect relates to a computer-readable medium having stored thereon
computer-executable instructions for assigning an offset-related entity to a user device
and periodically varying the offset for the user device based at least in part on the
assigned entity. The computer-readable medium can further comprise instructions for
assigning a value to each node of a channel tree, allocating a node to at least one user
device to assign a subcarrier set to the at least one user device, and permuting node
values according to a pattern to change the subcarrier set assigned to the at least one
user device.

[0013] Still another aspect relates to a wireless communication device that comprises a
memory comprising information corresponding to a plurality of offset assignments for
transmission of single-carrier FDMA symbols and a processor, coupled with the
memory, the processor configured to vary the offset assignments according to a

predetermined pattern based upon the information. The information can correspond to
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values for nodes of a channel tree, and the nodes can correspond to root nodes and child
nodes. Additionally, the channel tree can be a non-binary channel tree wherein each
node has one or more child nodes. Moreover, node values can correspond to values
generated by reading the channel tree along a path from the node assi gned to the user
device to the first child node of a root node in the channel tree and evaluating a value
for the path. Information related to node values, offsets, assignments, and the like can
be stored in a look-up table in the wireless communication device.

[0014] To the accomplishment of the foregoing and related ends, the one or more
embodiments comprise the features hereinafter fully described and particularly pointed
out in the claims. The following description and the annexed drawings set forth in
detail certain illustrative aspects of the one or more embodiments. These aspects are
indicative, however, of but a few of the various ways in which the principles of various
embodiments may be employed and the described embodiments are intended to include

all such aspects and their equivalents.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015] FIG. 1 illustrates a binary channel tree that can be employed in conjunction with
a single carrier FDMA network to facilitate varying user device offsets in accordance
with various aspects.
[0016] FIG. 2 is an illustration of a binary channel tree that facilitates determining an
offset for a user in a single carrier FDMA wireless communication environment in
accordance with various aspects. .
[0017] FIG. 3 is an illustration of a non-binary channel tree wherein user devices are
allocated nodes in the tree and each node is assigned a value in accordance with various
aspects.
[0018] FIG. 4 illustrates a system that facilitates frequency hopping in a single carrier
FDMA wireless communication environment in accordance with one or more aspects.
[0019] FIG. 5 is an illustration of a system that facilitates employing a frequency
hopping technique in a single carrier FDMA environment, such as an IFDMA wireless
communication environment in accordance with various aspects.
[0020] FIG. 6 is an illustration of a system that facilitates employing a frequency
hopping technique in a single carrier FDMA environment, such as an LFDMA wireless

communication environment in accordance with various aspects.
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[0021] FIG. 7 is an illustration of a system that facilitates frequency hopping in a single
carrier FDMA wireless communication environment in accordance with various aspects.
[0022] FIG. 8 is an illustration of a system that facilitates frequency hopping technique
in an FDMA wireless communication environment in accordance with various aspects.
[0023] FIG. 9 is an illustration of a methodology for generating a signal using an
IFDMA protocol, such as can be employed in conjunction with a frequency hopping
protocol to improve interference diversity.

[0024] FIG. 10 is an illustration of a methodology for performing frequency hopping in
conjunction with an IFDMA modulation protocol in accordance with one or more
aspects.

[0025] FIG. 11 illustrates a methodology for generating a signal using an LFDMA
protocol, such as can be employed in conjunction with a frequency hopping protocol in
accordance with one or more aspects.

[0026] FIG. 12 illustrates a methodology for altering offset assignments for users in an
LFDMA wireless communication environment in accordance with one or more aspects.
[0027] FIG. 13 is an illustration of a wireless network environment that can be
employed in conjunction with the various systems and methods described herein in

accordance with one or more aspects.

DETAILED DESCRIPTION
[0028] Various embodiments are now described with reference to the drawings, wherein
like reference numerals are used to refer to like elements throughout. In the following
description, for purposes of explanation, numerous specific details are set forth in order
to provide a thorough understanding of one or more embodiments. It may be evident,
however, that such embodiment(s) may be practiced without these specific details. In
other instances, well-known structures and devices are shown in block diagram form in
order to facilitate describing one or more embodiments.

29 &L

[0029] As used in this application, the terms “component,” “system,” and the like are
intended to refer to a computer-related entity, either hardware, a combination of
hardware and software, software, or software in execution. For example, a component
may be, but is not limited to being, a process running on a processor, a processor, an
object, an executable, a thread of execution, a program, and/or a computer. One or

more components may reside within a process and/or thread of execution and a
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compornent may be localized on one computer and/or distributed between two or more
computers. Also, these components can execute from various computer readable media
having various data structures stored thereon. The components may communicate by
way of local and/or remote processes such as in accordance with a signal having one or
more data packets (e.g., data from one component interacting with another component
in a local system, distributed system, and/or across a network such as the Internet with
other systems by way of the signal).

[0030] Furthermore, various embodiments are described herein in connection with a
subscriber station. A subscriber station can also be called a system, a subscriber unit,
mobile station, mobile, remote station, access point, base station, remote terminal,
access terminal, user terminal, user agent, a user device, or user equipment. A
subscriber station may be a cellular telephone, a cordless telephone, a Session Initiation
Protocol (SIP) phone, a wireless local loop (WLL) station, a personal digital assistant
(PDA), a handheld device having wireless connection capability, or other processing
device connected to a wireless modem.

[0031] Moreover, various aspects or features described herein may be implemented as a
method, apparatus, or article of manufacture using standard programming and/or
engineering techniques. The term "article of manufacture” as used herein is intended to
encompass a computer program accessible from any computer-readable device, carrier,
or media. For example, computer readable media can include but are not limited to
magnetic storage devices (e.g., hard disk, floppy disk, magnetic strips...), optical disks
(e.g., compact disk (CD), digital versatile disk (DVD)...), smart cards, flash memory
devices (e.g., card, stick, key drive...), and integrated circuits such as read only
memories, programmable read only memories, and electrically erasable programmable
read only memories.

[0032] In order to facilitate frequency hopping, a single carrier FDMA modulation
technique can be employed in a wireless network. For example, interleaved frequency
division multiplexing (IFDM) can be employed to retain the benefits associated with
orthogonal frequency division multiplexing (OFDM) protocols. In addition, in some
cases, single carrier FDMA modulation techniques may have a lower peak-to-average
(PAR) ratio problem compared with OFDM. Similarly, according to a related aspect,
localized frequency division multiplexing (LFDM) can be employed, which can also

exhibit a lower PAR while retaining other benefits associated with OFDM protocols.
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LFDMA is also known as “narrow-band” FDMA, Classical FDMA, or just FDMA, and
is a single carrier FDMA protocol.

[0033] OFDMA modulation symbols are in the frequency domain, and therefore the
time domain signal obtained by performing a fast Fourier technique on the modulation
symbol sequence can have an undesirably high PAR. By comparison, IFDMA
modulation symbols are in the time domain, and therefore IFDMA modulation
techniques do not exhibit the high PARs typically associated with OFDMA techniques.
Thus, IFDMA (and similarly LFDMA) modulation protocols reduce undesirably high
PAR and problems associated therewith.

[0034] In an IFDMA system, a total of Nggr subcarriers can be utilized, which are
divided among a plurality of users. Each user can be allocated N carriers (where N can
vary from user to user), as well as a user-specific subcarrier offset, U. Thus, a user with
offset U occupies carriers {U, U+Npgrr/N, U+2Ngpr/N ... U+(N-1)Ngrr/N}. For
example, in an IFDMA system a total of Nggr subcarriers can be divided among several
users. Bach user can be allocated N carriers (where N can vary from user device to user
device), as well as a user device-specific subcarrier offset, U, where 0 £ U < Ngrr/N.
When a user device transmits N modulation symbols [do d; dz ... dn-1], the user device

constructs an IFDMA symbol by performing the following acts:

(1) Repeating the N symbols to obtain a total of Nrrr symbols
[dodidy...dyadodida...dngdodida ... dng ... dodidz ... dnu1]

(2) Multiplying the k™ symbol in the sequence by e3%® where @ = 21/ Ngpr

-jou -2jduU -(N-1)j0U N  -2)jdu N -1)jou
[do d1€J dze J dN-1 e( i dN-ze—( FFT 2 dN-le—( FET i ]

(3) Optionally copying the last Ncp symbols of the above symbol to the beginning
(cyclic prefix)

[... dyoe-Nerr 2% dyie-Neer U dg die?®Y ... da g™ g ie- N Y
[0035] A resulting IFDMA symbol can then be converted to an analog symbol
modulated using a carrier and transmitted in a manner similar to that in which an
OFDMA symbol is transmitted. The foregoing is illustrative of IFDMA symbol

generation on both a reverse link and a forward link. Additionally, since the [IFDMA
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signal is periodic in the time domain (with the exception of the phase, e?*®Y), the signal
can occupy a “comb” in frequency (e.g., only a set of N equally spaced subcarriers have
a non-Zero power, ...). More specifically, a user with offset U occupies the set of
subcarriers {U, U+Ngpr/N, U+2Nger/N ... U+(N-1)Ngrr/N}, wherein the total set of
subcarriers is indexed from 0 to Nggr-1, such that user device orthogonality can be
maintained because user devices with different offsets occupy different subcarrier sets.
[0036] Similarly, in an LFDMA system, a user can be allocated a number N of
contiguous subcarriers (e.g., subcarriers that are consecutive in the frequency domain,
...). For example, a total of Ngpr subcarriers can exist, which can be divided among
several users. Each user can be allocated a user-specific subcarrier offset, U, such that a
user with offset U occupies carriers [U, U+1, ..., U+N-1]. a user can be allocated a
number N of contiguous subcarriers (e.g., subcarriers that are consecutive in the
frequency domain, ...). Each user can be allocated N contiguous carriers (where N can
vary from user device to user device), as well as a user-specific subcarrier offset, U,
where 0 £ U < Nger-N, and where the total set of subcarriers is indexed from O to
Nepr-1. A user that transmits a set of N modulation symbols [dy d; d; ... dn.1] can

generate a transmission signal by performing the following acts:

(1) Taking an N-point fast Fourier transform (FFT) of [do d; d5 ... dn.1] to obtain
[Do Dy Dy ... Dyl

(2) Placing [Do D1 D, ... Dn.1] in the allocated sub-carriers [U, U+1, ... U+N-1].

(3) Taking an Ngpr-point inverse fast Fourier transform to obtain Ngpr time domain

samples.

(4) Optionally copying the last Ncp time domain samples to the beginning of the
symbol as a cyclic prefix to obtain the LFDMA time domain symbol.

[0037] Referring now to the drawings, Fig. 1 illustrates a binary channel tree 100 that
can be employed in conjunction with a single carrier FDMA network to facilitate
varying user device offsets in accordance with various aspects. The tree 100 comprises

a plurality of nodes, each of which can be associated with a user device. For example, a
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first node 102 is associated with user A, and nodes 104 and 106 are assigned to users B
and C, respectively. Various embodiments described herein facilitate changing user
offsets, e.g. hopping sets of offset subcarriers. User offset variations can be performed
using symbol rate hopping techniques (e.g., varied upon transmission of each symbol),
block hopping techniques (e.g., varied upon transmission of a plurality of symbols), and
the like. Additionally, a lookup table comprising information related to offsets,
subcarrier sets, efc., can be employed to facilitate assigning and varying assignment of
offsets to users. Offset assignment variation can be performed according to a
predefined pattern, such as upon transmission of a single symbol, a predetermined
number of symbols, a variable number of symbols, a fixed or variable time period, a
fixed or variable number of frames, etc.

[0038] When employing an IFDMA protocol or an LEFDMA protocol, in a system with
Ny = 2" assignable subcarriers, a particular user may be allotted N=2" subcarriers
(where m is less than or equal to n). Additionally, different users can have different
values of m. The binary tree 100 can facilitate assigning user offsets despite the
variance of m between users. For instance, each user can be assigned a node in the tree
100 as described above. A tree-reading algorithm can be employed to compute an offset
for a given user. Embodiments of such algorithms and approaches are discussed with
regard to Fig. 2.

[0039] Additionally, in conjunction with various aspects set forth herein, offset
assignment can be a function of a permutation protocol by which a predetermined set of
offsets is permuted through nodes in a channel tree, and thus permuted through a set of
user devices, allocated to nodes in the channel tree. For instance, nodes in channel tree
100 can be assigned a first set of offsets, and such offset assignments can be varied
according to a predetermined pattern (e.g., every frame, every 2 frames, every symbol
or group thereof, every one or more nanoseconds, etc.). Additionally, permutation
protocols, predetermined offset sets, schedules, and the like can be unique to individual
sectors and/or regions in a wireless network.

[0040] Fig. 2 is an illustration of a binary channel tree 200 that facilitates determining
an offset for a user in a single carrier FDMA wireless communication environment in
accordance with various aspects. Tree 200 comprises a plurality of nodes, each of

which has either a “0” value or “1” value. Nodes can be assigned to users of the
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wireless network, and offsets for each user can be evaluated by reading tree 200 in
either an upward or downward direction.

[0041] For example, when employing an IFDMA protocol in conjunction with the
wireless network, a “0” and a “1” are assigned to each child of a parent node. The
assignment can vary from time to time and from sector to sector, in order to facilitate
frequency hopping and interference diversity. The offset, U, of each user of the
IFDMA-based network is the sequence read upward from the user-assigned node,
wherein the user-assigned node represents the most significant bit in the offset U, and
the root node’s child node represents the least significant bit in the offset U. Thus, user
A has offset 1, because it is assigned the first child node of the root node. User B has
offset 0, as the most significant bit in user B’s offset is a “0” and is read upward through
the “0” child node of the root node, for an overall value of “00.” User C has offset 2, as
user C is assigned a “1” node that is read upward through the “0” child node of the root
node for a total value of 10 binary, or 2 decimal. Information related to offsets
associated with user-assigned nodes can be retrieved from a lookup table comprising
such information upon assignment of a particular offset to a user.

[0042] Additionally, user device node allocation can be related to a number of
subcarriers required by the particular user device. For instance, user A is allocated to a
first child node in tree 200 such that there are two bits in user A’s lineage (e.g., user A’s
allocated child node and the root node). In a scenario in which Ngpr is 512 (e.g. a 9-bit-
deep tree), user A can have a subcarrier requirement of at least Ngrr/2. Users B and C
have a lineage three bits long, including the root node, and so are positioned on a third
binary bit that represents a decimal value of 4. Thus, users B and C’s offsets can
comprise a number of subcarriers equal to Ngpr/4, and so on. It will be appreciated that
the number of bits, nodes, users, total subcarriers, and the like described herein are
illustrative in nature and should not be interpreted in a limiting sense and may also vary
by the system design parameters. Rather, the various embodiments, aspects, systems,
methods, techniques, etc., set forth herein can employ any suitable number of the above
in order to achieve interference diversity and frequency hopping.

[0043] According to a related example, when employing an LFDMA protocol, the
binary tree 200 can be read from top to bottom to determine a user’s offset. Node
assignments of “0” and “1” can vary with time and between sectors in a wireless

network. Thus, an offset for a user is an n-bit quantity that can be padded with Os for
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the least significant bits if necessary. When reading tree 200 in a downward direction,
user A has offset 2 (e.g., 10 binary), user B has offset 0 (e.g., 00 binary), and user C has
offset 1 (e.g., 01 binary). Information related to such offsets can be gleaned from a
lookup table and can correspond to, in this example, Nrrr/2, 0, and Nggp/4, respectively.
Numbers of subcarriers associated with respective offsets can then be assigned to users.
[0044] It will be appreciated by one skilled in the art that although various
embodiments described herein relate to IFDMA and LFDMA protocols, such
embodiments can be employed in conjunction with any suitable OFDMA system.
Additionally, the binary value assignments of some nodes and their ancestors can be
performed on a sector-independent basis, such that a user allocated to such a node can
retain the same offset regardless of which sector the user is in. In this manner,
frequency reuse can be supported, for example when sectors do not use such nodes,
while sectors that do employ such nodes can allocate weaker users thereto.

[0045] Fig. 3 is an illustration of a non-binary channel tree 300 wherein user devices are
allocated nodes in the tree and each node is assigned a value in accordance with various
aspects. Non-binary channel tree 300 is similar to the binary assignment tree described
with regard to Fig. 2. However, node assignments within channel tree 300 are not
limited to binary values of 1 or 0, but rather can comprise any non-negative integer. For
example, for a node having four children, the child nodes can be assigned values 0-3,
(e.g., binary values 00, 01, 10, and 11, integer values of 0, 1, 2, and 3, etc.), while a
parent node with only a pair of child nodes can have its children assigned values of 0
and 1, as set forth with regard to the binary channel tree of Fig. 2.

[0046] In non-binary channel tree 300, a number of subcarriers corresponding to a
particular node can depend not only on the distance of the node to the root node, but
also on the number of sibling nodes of each ancestor of the particular node. For
instance, node A can have Nggr/16 carriers because node A’s parent is one of four
siblings, and therefore receives Nppr/4 subcarriers, which are then further divided into
fourths among the four children of node A’s parent (e.g., node A and its three siblings),
which results in an assignment to node A of ¥4 of Ngpr/4, or Nppr/16 subcarriers. Node
B can be assigned Ngpr/8 subcarriers because it has one sibling and its parent is one of
four siblings. Thus, node B can be assigned ¥ of its parent’s Ngrr/4 subcarrier
assignment, or Ngr1/8 subcarriers. Nodes C and D, being nodes in a set of four siblings

directly pendant from the root node of non-binary channel tree 300, can each receive a
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subcarrier assignment equal to Ngrr/4. Information related to nodal relationships,
offsets and/or subcarrier sets, and the like, can be stored in a lookup table that can be
traversed in order to determine a user’s assigned offset. It will be appreciated that the
non-binary channel tree can be employed to facilitate assigning either or both of
IFDMA and LFDMA subcarrier sets.

[0047] When performing offset computation in conjunction with an IFDMA
communication environment, offsets can be computed by reading channel tree 300 from
bottom to top. For instance, node A has an offset of 1101 when read through its parent
toward the root node, and can be assigned offset 13 comprising Ngpr/16 subcarriers.
Node D can receive offset 2 (e.g., 10 binary). It will be noted that nodes B and C are
depicted as having offset values of 3 (e.g., 011, and 11, respectively). In such a
scenario, both nodes can be assigned offset 3, and will not be assigned such offset
simultaneously, but rather alternately in order to mitigate conflict.

[0048] In an LFDMA communication environment, offsets can be computed by reading
the non-binary channel tree 300 from top to bottom (e.g., from a root node down
through to a particular child node). A 0-padding technique can be employed to pad the
offset values read from the root node to the child node based at least in part on a value
of Nggr. For example, if Ngpp = 512, then a total of 9 bits are required to represent Ngrr
as a binary number. 0-padding can be employed to pad each offset read with zeros until
the offset is a 9-bit value. For example, A has an offset of 0111 when read from the root
node to node A, which can be padded with 5 zeros to make A’s offset a 9-bit number,
0111-00000 = 224. Thus node A can be assigned offset 224, which, according to the
example, will comprise 512/16, or 32, carriers. Similarly, node B has offset 011-
000000 = 192, node C has offset 11-0000000 = 384, and node D has offset 10-0000000
= 256. Described more generally, node A has an offset equal to 9Ngrr/16, node B is
assigned offset to 3Ngrr/8, node C is assigned offset to 3Ngrr/4, and node D is assigned
offset to Nggr/2.

[0049] It will be appreciated that non-binary channel tree 300 can employ a set of
predetermined offsets that can be permuted among user devices and/or nodes as
described above with regard to Figure 1. Additionally, changing the offsets can be
performed according to a predetermined pattern, (e.g., every frame, every symbol, upon

expiration of a time period, ezc.) and such schedules can be sector-specific.



WO 2006/113873 PCT/US2006/014879

14

[0050] With respect to Figs. 1-3, the assignments and hopping sequences of the nodes
may be transmitted from a base station to a user device in initialization over time. This
may be updated as appropriate. For example, assignments can be determined by reading
the look-up tables at the user device for transmission to the base station, uplink, and for
reception at the user device, downlink, based upon instructions transmitted from the
base station. The instructions may, according to an aspect, comprise an identifier of a
sequence, which may be repeated depending on the length of sequence that is stored at
the user device. In other aspects, the node values may be updated regularly, based upon
control channel messages from the base station.

[0051] In some embodiments, the channel assignments and single carrier transmissions
may only apply to the uplink while the downlink transmissions use one or more OFDM
schemes. In these cases, one or more OFDM type access schemes may be utilized on
the downlink that are independent from the schemes utilized on the uplink.

[0052] Fig. 4 illustrates a system 400 that facilitates frequency hopping in a single
carrier FDMA wireless communication environment in accordance with one or more
aspects. A frequency hopping component 402 is operatively associated with a base
station 408 (e.g., an access point). Wireless network 404 can comprise one or more
base stations 408 in one or more sectors and/or regions comprising a plurality of sectors,
etc., as will be appreciated by one skilled in the art. User devices 406 can comprise,
without being limited to, cellular phones, smartphones, PDAs, laptop computers,
personal computers, and/or any other suitable device with which a user can
communicate over wireless network 404. A separate frequency hopping component 410
resides at the user device 406 and can vary the offsets according to instructions from
frequency hopping component 402.

[0053] Frequency hopping component 402 can vary node value assignments for one or
more user devices 406 allocated to nodes in a channel tree, such as the trees described
with regard to Figs. 1, 2, and 3. Node values (e.g., non-binary, binary, efc.) can be
assigned to nodes in the channel tree and the tree can be traversed to determine an
overall offset assignment. In the case of a binary channel tree, child nodes of each
parent node in the channe] tree can be assigned a 1 and a 0, such that each parent node
has a 1-child and a O-child. User devices 406 can be allocated to such nodes, and,
depending on the particular single carrier FDMA protocol employed, frequency hopping

component 402 can read the binary tree to evaluate user offset assignments and can
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evaluate a lookup table comprising information related to respective offsets (e.g., offset
identity, subcarrier number, ...). Additionally, frequency hopping component 402 can
change node value assignments (e.g., 1s and Os and/or other binary node values, non-
binary node values, etc.) for different sectors and at different times in order to facilitate
frequency hopping and alteration of user offset assignments. It is to be appreciated that
frequency hopping component 402 can be integral to one or more base stations 408 in
wireless network 404 and/or to user device(s) 406.

[0054] While Fig. 4, depicts the frequency hopping component 402 as residing in the
base station, it should be noted that frequency hopping component 402 may be
implemented as a combination of functionality in both base station 408, a base station
controller (not shown), or the like of wireless network 404, and in user device 406 (e.g.,
frequency hopping component 410). In such aspects, it may be possible to contain
separate look-up tables in user device 406 and base station 408 which each correspond
to offsets, which are known to both devices, e.g. by instructions from base station 408
that corresponds to user device 406, or some other means.

[0055] In various embodiments, where the frequency hopping component 402 resides in
the base station 408, the user device 406 may have a look-up table that corresponds to a
sequence for varying the offset U based upon instructions, commands, or the like
transmitted from the base station 408 and generated by frequency hopping component
402.

[0056] Fig. 5 is an illustration of a system 500 that facilitates employing a frequency
hopping technique in a single carrier FDMA environment, such as an IFDMA wireless
communication environment in accordance with one or more aspects. A frequency
hopping component 502 is operatively associated with and integral to a base station 508.
A separate frequency hopping component 512 resides at the user device 506 and will
vary the offsets according to instructions from frequency hopping component 502.
[0057] Additionally, frequency hopping components 502 and 512 are respectively
associated with an IFDMA components 510 and 514, which facilitates wireless
communication using an IFDMA protocol. For example, in an IFDMA system a total of
Nrrr subcarriers can be divided among several user devices 506. Each user device 506
can be allocated N carriers (where N can vary from user device to user device), as well

as a user device-specific subcarrier offset, U, where 0 £ U < Ngrr/N. When a user
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device 506 transmits N modulation symbols [do d; d3 ... dn.1], user device 506
constructs an IFDMA symbol by performing the following acts:
(1) Repeating the N symbols to obtain a total of Ngpr symbols
[dodyds... dnadodida ... dnidodidz ... dng oo dody dy ... dnu]

(2) Multiplying the k™ symbol in the sequence by e?* *Y where ® = 21/ Ngpp
plying y q

-jOU -2j0U -(N-1)joU N ~2)jdu N  -Djou
[do d]GJ dze J dN_1 e( ) dN.ze-( FFT i dN_le—( FET j ]

(3) Optionally copying the last Ncp symbols of the above symbol to the beginning
(cyclic prefix)

N 2)i0U N -1)jou 50U -(N-1)jOU N -1)jjoU
[... dnoe-Nerr %Y dyge-Meer %Y 11dp die ¥V .. dyg e NIU L - Ty Y

[0058] A resulting IFDMA symbol can then be converted to an analog symbol
modulated using a carrier and transmitted. The foregoing is illustrative of IFDMA
symbol generation on both a reverse link and a forward link. Additionally, since the
IFDMA signal is periodic in the time domain (with the exception of the phase, eIk,
the signal can occupy a “comb” in frequency (e.g., only a set of N equally spaced
subcarriers have a non-zero power, ...). More specifically, a user device 506 with offset
U occupies the set of subcarriers {U, U+Ngrr/N, U+2Ngpr/N ... U+(N-1)Npprr/N},
wherein the total set of subcarriers is indexed from O to Nggr-1, such that user device
orthogonality can be maintained because user devices with different offsets occupy
different subcarrier sets. Frequency hopping component 502 can generate, or store
look-up tables that correspond to, offsets, node value assignments, efc., and can assign
user devices 506 to nodes as described with regard to Figs. 1-3. Additionally, where an
IFDMA protocol is utilized, frequency hopping component 502 can read the tree from
the root node downward to identify a particular user device’s offset U. It is to be
appreciated that the manner of assigning user devices to particular nodes can encompass
arbitrary assignments, node assignments in a channel tree using non-binary node values,
binary node values, or any other suitable manner of associating offsets with nodes
and/or user devices 506. Moreover, it will be understood that node value assignments
can be varied arbitrarily, randomly, according to a predetermined pattern and/or upon an
occurrence of an event (e.g. transmission of one or more symbols, one or more frames,

expiration of a time period, ...) efc.
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[0059] While Fig. 5 depicts the frequency hopping component 502 as residing in the
base station, it should be noted that frequency hopping component 502 may be
implemented as a combination of functionality in both base station 508, base station
controller (not shown) and in user device 506 (e.g., frequency hopping component 512).
In such aspects, it may be possible to contain separate look-up tables in user device 506
and base station 508 which each correspond to sequences for offset U for the user
device, which are known to both devices, e.g. by instructions from base station 508 that
corresponds to user device 506, or some other means.

[0060] In the embodiments, where the frequency hopping component 502 resides in the
base station 508, the user device 506 may have a look-up table that corresponds to a
sequence for varying the offset U based upon instructions, commands, or the like
transmitted from the base station 508 and generated by frequency hopping component
502.

[0061] Fig. 6 is an illustration of a system 600 that facilitates employing a frequency
hopping technique in a single carrier FDMA environment, such as an LFDMA wireless
communication environment in accordance with one or more aspects. System 600
comprises a frequency hopping component 602 that is operatively associated with an
access point 608. A separate frequency hopping component 614 resides at the user
device 606 and will vary the offsets according to instructions from frequency hopping
component 602.

[0062] Frequency hopping component 602 can be further operatively associated with an
IFDMA component 610 that facilitates communication over wireless network 604 as
described above with regard to Fig. 5. Additionally and/or alternatively, frequency
hopping component 602 can be further operatively coupled to an LFDMA component
612, which can facilitate LFDMA communication between base station 608 and user
device 606. Similarly, frequency hopping component 614 can be operatively coupled to
an IFDMA component 616 and an LFDMA component 618 in user device 606.
Frequency hopping component 602 can generate a channel tree for offset assignment to
user device 606, such that each of a plurality of user devices 606 can be allocated to a
node in the offset tree. Each node in the tree can have a value, and such node values can
be changed by frequency hopping component 602 from time to time and/or from sector
to sector to provide interference diversity and frequency hopping functionality. Upon a

determination of a value associated with a particular node, frequency hopping
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component 602 can perform a table lookup to evaluate an associated offset for
assignment to a user device 606.

[0063] With regard to LFDMA components 612 and 618, a user device 606 can be
allocated a number N of contiguous subcarriers (e.g., subcarriers that are consecutive in
the frequency domain, ...). For example, in an LFDMA system a total of Nggr
subcarriers can be divided among several user devices 606. Each user device 606 can
be allocated N contiguous carriers (where N can vary from user device to user device),
as well as a user device-specific subcarrier offset, U, where 0 < U < Ngpr-N, and where
the total set of subcarriers is indexed from O to Ngrr-1. A user device that transmits a
set of N modulation symbols [do d; d3 ... dn] can generate a transmission signal by

performing the following acts:

(1) Taking an N-point fast Fourier transform (FFT) of [dy d; d5 ... dn.1] to obtain
[DoD; Dy ... Dyl

(2) Placing [Do Dy D5 ... Dn.1] in the allocated sub-carriers [U, U+1, ... U+N-1].

(3) Taking an Nggr-point inverse fast Fourier transform to obtain Nggy time domain

samples.

(4) Optionally copying the last Ncp time domain samples to the beginning of the
symbol as a cyclic prefix to obtain the LFDMA time domain symbol.

[0064] In the above example of LFDMA signal generation, different user devices 606
can be allocated disjoint sets of subcarriers to ensure that user devices 606 are
orthogonal to each other. Frequency hopping component 602 can then generate an
assignment tree and evaluate assignments of user devices 606 to nodes therein as
described with regard to Figs. 1-3, and, where an LFDMA protocol is utilized, can read
the tree from the root node downward to identify a particular user device’s offset, U.
[0065] While Fig. 6 depicts frequency hopping component 602 as residing in the base
station, it should be noted that frequency hopping component 602 may be implemented
as a combination of functionality in both base station 608, base station controller (not

shown), or the like of wireless network 604, and in user device 606 (e.g., frequency
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hopping component 614). In such aspects, it may be possible to contain separate look-
up tables in user device 606 and base station 608, which each correspond to sequences
for offset U for the user device 606, which are known to both devices, e.g. by
instructions from base station 608 that corresponds to the user device 606, or some other
means.

[0066] In the embodiments, where the frequency hopping component 602 resides in the
base station 608, the user device 606 may have a look-up table that corresponds to a
sequence for varying the offset U based upon instructions, commands, or the like
transmitted from the base station 608 and generated by frequency hopping component
602.

[0067] Additionally, IFDMA components 610 and 616 and LFDMA components 612
and 618 can be employed in conjunction with one another to facilitate generation of
subcarrier assignments that comprise equally spaced subcarriers that span less than the
total available bandwidth, in accordance with various aspects set forth herein.
Moreover, fast hopping techniques can be employed, potentially over a fraction of the
available bandwidth when employing an IFDMA protocol. On a typical OFDMA
uplink, a user device can be assigned a set of subcarriers, which is kept constant for a
time to permit the user device to estimate the channel over that set of subcarriers.
However, if the user device’s assignment is large enough that the user device can
estimate the channel over the entire bandwidth, then a symbol rate hopping protocol
(e.g., varying a subcarrier set assignment for a user device upon transmission of each
symbol) can be utilized because there is no detriment in hopping upon each symbol.
[0068] Fig. 7 is an illustration of a system 700 that facilitates frequency hopping in a
single carrier FDMA wireless network environment. A frequency hopping component
702 may be operatively associated with a base station 708 in a wireless network 704. A
separate frequency hopping component 718 resides at the user device 706 and can vary
the offsets according to instructions from frequency hopping component 702.

[0069] Wireless network 704 can comprise one or more base stations 708 in one or
more sectors and/or regions comprising a plurality of sectors, etc., as will be appreciated
by one skilled in the art. User devices 706 can comprise, without being limited to,
cellular phones, smartphones, PDASs, laptop computers, personal computers, and/or any
other suitable device with which a user can communicate over wireless network 704.

Frequency hopping component 702 in base station 708 can be associated with an
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IFDMA component 710 and/or an LFDMA component 712, or any other suitable single
carrier FDMA system, to facilitate symbol generation as described above with regard to
the preceding figures. Similarly, frequency hopping component 718 in user device 706
can be operatively coupled to each of an IFDMA component 720 and an LFDMA
component 722.

[0070] Base station 708 and/or user device 706 can additionally and respectively
comprise memories 714 and 724 that are operatively coupled to frequency hopping
components 702 and 718, and that store information related to channel tree generation
or pre-generated channel tree information that may be utilized, node value assignment
(e.g., non-binary, binary, integer, efc.) of nodes in the channel tree, user device node
allocation, tree-reading algorithms (e.g., top-down for LEDMA, bottom-up for IFDMA,
...), signal generation algorithms (e.g., for generating signals using IFDMA, LFDMA,
single carrier FDMA, ...), time tables for node value assignment variation (e.g.,
frequency hopping, ...), lookup tables related to offset information and/or node value
assignments, and any other suitable information related to providing interference
diversity (e.g., frequency hopping) to mitigate interference of one or more user devices
706. Processors 716 and 726 can be operatively connected to frequency hopping
components 702 and 718, respectively, and/or memories 714 and 724 to facilitate
analysis of information related to frequency hopping, node assignment and/or allocation
to one or more user devices 706, tree-reading algorithms, signal generation, and the like.
It is to be appreciated that processor 716 can be a processor dedicated to analyzing
and/or generating information received by frequency hopping component 702, a
processor that controls one or more components of base station 708, and/or a processor
that both analyzes and generates information received by frequency hopping component
702 and controls one or more components of base station 708. In a similar manner,
processor 726 can be a processor dedicated to analyzing information received by
frequency hopping component 718, a processor that controls one or more components
of user device 706, and/or a processor that both analyzes information received by
frequency hopping component 718 and controls one or more components user device
706.

[0071] Memories 714 and 724 can additionally store protocols associated with
generating signals, symbols, channel trees, lookup tables, etc., such that user device 706

and/or base station 708 can employ stored protocols and/or algorithms to achieve
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interference diversity as described herein. It will be appreciated that the data store (e.g.,
memories) components described herein can be either volatile memory or nonvolatile
memory, or can include both volatile and nonvolatile memory. By way of illustration,
and not limitation, nonvolatile memory can include read only memory (ROM),
programmable ROM (PROM), electrically programmable ROM (EPROM), electrically
erasable ROM (EEPROM), or flash memory. Volatile memory can include random
access memory (RAM), which acts as external cache memory. By way of illustration
and not limitation, RAM is available in many forms such as synchronous RAM
(SRAM), dynamic RAM (DRAM), synchronous DRAM (SDRAM), double data rate
SDRAM (DDR SDRAM), enhanced SDRAM (ESDRAM), Synchlink DRAM
(SLDRAM), and direct Rambus RAM (DRRAM). The memories 714 and 724 of the
subject systems and methods is intended to comprise, without being limited to, these
and any other suitable types of memory.

[0072] While Fig. 7 depicts frequency hopping component 702 as residing in the base
station 708, it should be noted that frequency hopping component 702 may be
implemented as a combination of functionality in both base station 708, base station
controller (not shown), or the like of wireless network 704, and in user device 706 (e.g.,
frequency hopping component 718). In such aspects, it may be possible to contain
separate look-up tables in user device 706 and base station 708 which each correspond
to sequences for offset U for the user device, which are known to both devices, e.g. by
instructions from base station 708 that corresponds to the user device 706, or some other
means.

[0073] In the embodiments, where the frequency hopping component 702 resides in the
base station 708, the user device 706 may have a look-up table that corresponds to a
sequence for varying the offset U based upon instructions, commands, or the like
transmitted from the base station 708 and generated by frequency hopping component
702.

[0074] Fig. 8 is an illustration of a system 800 that facilitates frequency hopping
technique in an FDMA wireless network environment in accordance with various
aspects. A frequency hopping component 802 is operatively associated with a base
station 808. A separate frequency hopping component 824 resides at the user device
806 and can vary the offsets according to instructions from frequency hopping

component 802.
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[0075] Wireless network 804 can comprise one or more base stations 808, repeaters,
transceivers, efc. (not shown) in one or more sectors and/or regions comprising a
plurality of sectors, efc., as will be appreciated by one skilled in the art. User devices
806 can comprise, without being limited to, cellular phones, smartphones, PDAs, laptop
computers, personal computers, and/or any other suitable device with which a user can
communicate over wireless network 804. Frequency hopping component 802 in base
station 808 can be operatively associated with an IFDMA component 810 and/or an
LFDMA component 812, or any other suitable single carrier FDMA system, to facilitate
communication symbol generation as described above with regard to the preceding
figures. Likewise, frequency hopping component 824 in user device 806 can be
operatively associated with either or both of an IFDMA component 826 and an LFDMA
component 828. Frequency hopping component 802 can be further associated with an
assignment component 820 in base station 808 that assigns nodes to user devices 806,
based at least in part on offset information stored in a lookup table, which can be
retained in memory 814 and/or memory 830. Such assignments can be transmitted to an
assignment receiver 822 in user device 806 and decoded by frequency hopping
component 824 in user device 806. Assignment component 820 can assign a nodes in
the channel tree to user devices, and frequency hopping component 802 can vary offsets
(e.g., by permuting/changing node value assignments) to maintain offset diversity and
facilitate mitigating interference between user devices 806 and/or network sectors over
which user devices 806 communicate. Additionally, frequency hopping component 802
can assign node values to nodes in a binary channel tree, such as described with regard
to Fig. 2, and/or to nodes in a non-binary channel tree, such as described with regard to
Fig. 3, in order to facilitate providing offsets to user devices 806. Moreover, frequency
hopping component 802 can employ a non-binary channel tree in conjunction with the
permutation protocol to optimize interference reduction.

[0076] Frequency hopping component 802 can assign subcarrier sets (e.g., offsets) to
user devices 806 for transmission of one or more symbols during a communication
event, as described above. For example, frequency hopping component 802 can
generate and/or transmit an offset assignment at a first point in time, and such
assignment can be varied (e.g., by changing node value assignments) according to a
predetermined pattern (e.g., after transmission/receipt of each symbol, group of

symbols, one or more frames, ...). To further this example, subcarrier set assignments to
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user devices 806 can be varied after a predetermined period, which can be delineated by
transmission of a fixed number of symbols (e.g., IFDMA symbols, LFDMA symbols, or
any other suitable single-carrier FDMA symbols).

[0077] Assignment receiver 822 in user device 806 receives a subcarrier set assignment
(e.g., an offset assignment) to permit user device 806 to exert control over an assigned
set of subcarriers for transmission of one or more symbols (e.g., IFDMA, LFDMA, ...)
during a communication event. Assignment receiver 822 can receive and/or accept a
node assignment and an offset for device 806 can be determined at a first point in time.
A second offset can then be determined and/or computed upon alteration of node value
assignments after a predetermined time period (e.g., after transmission/receipt of each
symbol, group of symbols, ...). According to this example, offset assignments to user
device 806 can be varied (e.g., by varying node values for nodes to which user devices
are assigned, efc.) after a predetermined period that can be delineated by transmission of
a number of symbols (e.g., IFDMA symbols, LFDMA symbols, or any other suitable
single-carrier FDMA symbols). Furthermore, base station 808 can employ a memory
814, a processor 816, and an AI component 818 to facilitate assignment, assignment
variation, acknowledgement, utilization, and the like in conjunction with the various
frequency hopping protocols described herein. User device 806 can employ a memory
830, processor 832, and AI component 834 for like purposes.

[0078] AI components 818 and 834 can be respectively and operatively associated with
frequency hopping components 802 and 824 in either or both of base station 808 and
user device 806, and can make inferences regarding channel tree generation, node value
assignments and alterations thereto, user device 806 node allocation, efc. As used
herein, the term to “infer” or “inference” refers generally to the process of reasoning
about or inferring states of the system, environment, and/or user from a set of
observations as captured via events and/or data. Inference can be employed to identify a
specific context or action, or can generate a probability distribution over states, for
example. The inference can be probabilistic~that is, the computation of a probability
distribution over states of interest based on a consideration of data and events.

Inference can also refer to techniques employed for composing higher-level events from
a set of events and/or data. Such inference results in the construction of new events or

actions from a set of observed events and/or stored event data, whether or not the events
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are correlated in close temporal proximity, and whether the events and data come from
one or several event and data sources.

[0079] According to an example, AI components 818 and/or 834 can infer an
appropriate tree structure for representing user device offsets based at least in part on,
for instance, channel quality, detected interference, number of available subcarriers,
number of user devices 806 operating over wireless network 804, etc. According to this
example, it can be determined that a particular sector or sectors in wireless network 804
are experiencing high transmission volume, and the like. AI component 818, in
conjunction with processor 816 and/or memory 814, can determine that interference
between user devices 806 and/or sectors is high. AI component 818 can infer that a
frequency adjustment is appropriate to increase interference diversity and alleviate the
interference problem, and can direct frequency hopping component 802 to alter child
node value assignments in a channel tree, which will have the result of altering offset
assignments to user devices 806 allocated to such altered child nodes. In such a case,
Al component 818 can facilitate frequency hopping in the most cost-effective manner
possible to mitigate inter-cell interference and improve interference diversity. It will be
appreciated that the foregoing examples are illustrative in nature and are not intended to
limit the scope of inferences that can be made by AI components 818 and 834 or the
manner in which AI components 818 and 834 make such inferences.

[0080] While Fig. 8 depicts frequency hopping component 802 as residing in the base
station 808, it should be noted that frequency hopping component 802 may be
implemented as a combination of functionality in both base station 808, base station
controller (not shown), or the like of wireless network 804, and in user device 806 (e.g.,
frequency hopping component 824). In such aspects, it may be possible to contain
separate look-up tables in user device 806 and base station 808 which each correspond
to sequences for offset U for the user device, which are known to both devices, e.g. by
instructions from base station 808 that corresponds to the user device 806, or some other
means.

[0081] In the embodiments, where the frequency hopping component 802 resides in the
base station 808, the user device 806 may have a look-up table that corresponds to a
sequence for varying the offset U based upon instructions, commands, or the like
transmitted from the base station 808 and generated by frequency hopping component

302.
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[0082] Fig. 9 is an illustration of a methodology 900 for generating a signal using an
IFDMA protocol, such as can be employed in conjunction with a frequency hopping
protocol to improve interference diversity. At 902, a user device can initiate generation
of a signal comprising N modulation symbols, for example, [do d; dz ... dn1], by

repeating the N symbols to obtain a total of Ngrr symbols such that:

[do didy ... dyado dids...dnado did;... dng ... dod; ds ... dN-l]

[0083] At 904, the user device can multiply the k™ symbol in the sequence by e,
where ® = 27/ Nggr, such that:

[do d1€_j®U dge_zjq)U v dN—l 6'(N-1)j(DU ves dN-ze—(NFFr-Z)j(DU dN.le-(NFFr-l)j(DU]

[0084] At 906, cyclic prefix can optionally be added to the signal by copying the last
Ncp symbols of the signal generated at 904 to the beginning of the symbol expression,
such that:

2)jo -1)j U (N-DjoU 1)®
[.... dn2e-Nrrr 2 dyge-MNerr Y J1dg die®®V Ly TV dnae-Cger Y]

[0085] Method 900 can be employed in an IFDMA communication environment in
conjunction with frequency hopping techniques set forth herein to mitigate interference
between users and/or sectors in a wireless communication environment. It will be
appreciated by one skilled in the art that although various methods and/or systems
herein are described with regard to an IFDMA system, a suitable FDMA system
arrangement having the described features and/or advantages of the IFDMA system can
be employed.

[0086] Fig. 10 is an illustration of a methodology 1000 for performing frequency
hopping in conjunction with an IFDMA modulation protocol in a wireless network
communication environment. At 1002, a channel tree can be generated to facilitate
frequency hopping of user offsets. The channel tree can have a root node, and each
child node of the root node and/or other parent nodes in the tree can be assigned a node
value (e.g., non-binary, binary, integer, etc.) In the case of a binary channel tree,
described here for purposes of simplicity of illustration, each child node can have a

binary value of 0 or 1, such that a parent node has a 0-child and a 1-child. Nodes can be
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allocated to user devices depending on subcarrier needs of the user devices, such that a
user device requiring a relatively large number of subcarriers can be allocated a node
closer to the root node than a user device requiring a relatively small number of
subcarriers as detailed with regard to Figs. 1-3. In certain aspects, the channel tree is
pre-generated and the nodes, their relationship and values are stored in a memory in the
form of a look-up table or the like.

[0087] At 1004, node sequences for user devices can be read upward from a user’s
allocated node to a first child node of the channel tree to determine a value for the user’s
offset, as detailed with regard to Figs. 2 and 3. Information related to an offset
identified at 1004 can be gleaned from a lookup table to facilitate assigning a specific
subcarrier set to the user. For example, a user allocated a node having a value of 1 that
depends from parent node with a value of 1, which in turn depends from a root node of
the tree, can be assigned offset 3. Additionally, because the user-allocated node is three
nodes from the top of the tree (inclusive of the allocated node and the root node, which
is not read for purposes of offset U determination, but is counted for subcarrier number
determination), it can be assigned a number of offset subcarriers equal to Ngpr/4.
According to another example illustrating a binary channel tree, a user having an
allocated node that is four nodes from the root node (including the root node) and has a
lineage of all 1s (e.g., allocated node=1, parent=1, grandparent=1, root node) can be
assigned offset 7 (e.g., binary 111), which can have a number of subcarriers equal to
Nrrr/8, etc. According to yet another example, if the above lineage were 101 (e.g.,
allocated node=1, parent=0, grandparent=1, root node), the user can be assigned offset 5
having a number of subcarriers equal to Nggy/8, efc.

[0088] At 1006, IFDMA symbols can be generated as detailed with regard to Fig. 9.
Such symbols/signals can be converted to an analog signal at 1008 to facilitate
transmission thereof. At 1010, node value assignments can be modified to facilitate
frequency hopping to mitigate interference. For example, one or more child node value
assignments in the channel tree can be altered in order to vary the offset actually
associated with the node allocated to a user. For instance, in the above example, the
user assigned offset 7 (e.g., 111 binary) comprising Ngpr/8 subcarriers can have its
parent node pair altered at 1010 so that its node allocation lineage becomes 101 binary,
which in turn can result in a reassignment of offset 5 to the user, , and so on. According

to the example, the user’s node allocation can be static during node value assignment
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variation to ensure that the user retains a number of subcarriers equal to Nggy/8.
Additionally, user offset modification can be performed according to a predetermined
schedule and/or according to a trigger event, such as upon transmission of every
IFDMA symbol (symbol rate hopping), every few symbols (block hopping), etc.

[0089] It will be appreciated that although the foregoing examples describe a channel
tree that utilizes binary node value assignments, non-binary values can be assigned to
such nodes. Moreover, parent nodes can have any suitable number of child nodes
associated therewith to facilitate allocating offsets to user devices and performing
frequency hopping to mitigate interference.

[0090] Fig. 11 illustrates a methodology 1100 for generating a signal using an LEFDMA
protocol, such as can be employed in conjunction with a frequency hopping protocol to
improve interference diversity. At 1102, a user device can initiate generation of a signal
comprising N modulation symbols, for example, [dy d; ds ... dn], by taking an N-point
fast Fourier transform (FFT) of the N modulation symbols to obtain [Dg D; D5 ... Dn.].
The transformed symbols can then be placed in allocated subcarriers [U, U+1, ... U+N-
1] at 1304. At 1106, an Nppr-point inverse fast Fourier transform can be performed to
obtain Ny time domain samples. If desired, cyclic prefix can optionally be added to
the symbol at 1108 by copying the last Ncp time domain samples to the beginning of the
symbol to obtain the LFDMA time domain symbol.

[0091] Method 1100 can be employed to generate an LFDMA communication signal in
conjunction with a frequency hopping technique to mitigate inter-device and/or inter-
sector interference. For example, frequency hopping can be performed upon each
LFDMA symbol (e.g., utilizing a symbol rate hopping technique), upon every few
LFDMA symbols (e.g., utilizing a block hopping technique, efc.

[0092] Fig. 12 illustrates a methodology 1200 for altering offset assignments for users
in an LFDMA wireless communication environment. At 1202, channel tree can be
generated to map user offset assignments, and nodes in the tree can be allocated to
individual users in a wireless network. Node allocation can be performed in a manner
similar to that described with regard to Figs 1, 2, and 3. In certain aspects, the channel
tree is pre-generated and the nodes, their relationship and values are stored in a memory
in the form of a look-up table or the like.

[0093] At 1204, the channel tree can be read from top to bottom to evaluate user offset

assignments. Although the following example describes binary node value assignments
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for purposes of simplicity, it will be appreciated that non-binary values, and/or any other
suitable values, can be assigned to nodes in the channel tree. For instance, a user
allocated a node having a value of 1 that depends from parent node with a value of 0,
which in turn depends from a root node of the tree, can be assigned offset 1.
Additionally, because the user-allocated node is three nodes from the top of the tree
(inclusive of the root node, which is not read for purposes of offset U determination, but
is counted for subcarrier number determination), it can be assigned a number of offset
subcarriers equal to Nger/4. According to another example, a user having an allocated
node that is four nodes from the root node (including the root node) and has a lineage of
110 binary (e.g., allocated node=1, parent=1, grandparent=0, root node) can be assigned
offset 6 (e.g., binary 110), which can have a number of subcarriers equal to Nrgr/8, efc.
According to yet another example, if the above lineage were 101 (e.g., allocated
node=1, parent=0, grandparent=1, root node), the user can be assigned offset 5 having a
number of subcarriers equal to Nggr/8, efc.

[0094] At 1206, an LFDMA signal can be generated as described with regard to Figure
10 and converted to an analog signal for transmission. At 1208, node value assignments
in the channel tree can be varied to facilitate frequency hopping, such as is described
with regard to Fig. 10. If desired, user node allocation can be maintained (e.g., static)
during node value assignment variation to maintain a constant distance from the root
node of the offset tree, which in turn can facilitate ensuring that a precise number of
subcarriers are assigned to a given user despite frequency hopping. According to a
related aspect, a user whose frequency and/or subcarrier requirements have changed
since a previous node allocation iteration can be dynamically reallocated to a node
higher or lower on the channel tree based at least in part on information related to the
user’s resource requirements. In this manner, frequency hopping can be employed in a
single carrier FDMA system, such as an LFDMA system to improve interference
diversity and provide a more robust communication experience to users of the wireless
network employing method 1200.

[0095] Fig. 13 shows an exemplary wireless communication system 1300. The wireless
communication system 1300 depicts one base station and one terminal for sake of
brevity. However, it is to be appreciated that the system can include more than one base
station and/or more than one terminal, wherein additional base stations and/or terminals

can be substantially similar or different for the exemplary base station and terminal
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described below. In addition, it is to be appreciated that the base station and/or the
terminal can employ the systems (Figs. 1-8) and/or methods (Figs. 9-12) described
herein to facilitate wireless communication there between.

[0096] Referring now to Fig. 13, on a downlink, at access point 1305, a transmit (TX)
data processor 1310 receives, formats, codes, interleaves, and modulates (or symbol
maps) traffic data and provides modulation symbols (“data symbols”). A symbol
modulator 1315 receives and processes the data symbols and pilot symbols and provides
a stream of symbols. A symbol modulator 1320 multiplexes data and pilot symbols on
the proper subbands, provides a signal value of zero for each unused subband, and
obtains a set of N transmit symbols for the N subbands for each symbol period. Each
transmit symbol may be a data symbol, a pilot symbol, or a signal value of zero. The
pilot symbols may be sent continuously in each symbol period. It will be appreciated
that the pilot symbols may be time division multiplexed (TDM), frequency division
multiplexed (FDM), or code division multiplexed (CDM). Symbol modulator 1320 can
transform each set of N transmit symbols to the time domain using an N-point IFFT to
obtain a “transformed” symbol that contains N time-domain chips. Symbol modulator
1320 typically repeats a portion of each transformed symbol to obtain a corresponding
symbol. The repeated portion is known as a cyclic prefix and is used to combat delay
spread in the wireless channel.

[0097] A transmitter unit (TMTR) 1320 receives and converts the stream of symbols
into one or more analog signals and further conditions (e.g., amplifies, filters, and
frequency upconverts) the analog signals to generate a downlink signal suitable for
transmission over the wireless channel. The downlink signal is then transmitted through
an antenna 1325 to the terminals. At terminal 1330, an antenna 1335 receives the
downlink signal and provides a received signal to a receiver unit (RCVR) 1340.
Receiver unit 1340 conditions (e.g., filters, amplifies, and frequency downconverts) the
received signal and digitizes the conditioned signal to obtain samples. A symbol
demodulator 1345 removes the cyclic prefix appended to each symbol, transforms each
received transformed symbol to the frequency domain using an N-point FFT, obtains N
received symbols for the N subbands for each symbol period, and provides received
pilot symbols to a processor 1350 for channel estimation. Symbol demodulator 1345
further receives a frequency response estimate for the downlink from processor 1350,

performs data demodulation on the received data symbols to obtain data symbol
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estimates (which are estimates of the transmitted data symbols), and provides the data
symbol estimates to an RX data processor 1355, which demodulates (i.e., symbol
demaps), deinterleaves, and decodes the data symbol estimates to recover the
transmitted traffic data. The processing by symbol demodulator 1345 and RX data
processor 1355 is complementary to the processing by symbol modulator 1315 and TX
data processor 1310, respectively, at access point 1305.

[0098] On the uplink, a TX data processor 1360 processes traffic data and provides data
symbols. A symbol modulator 1365 receives and multiplexes the data symbols with
pilot symbols, performs symbol modulation, and provides a stream of symbols. The
pilot symbols may be transmitted on subbands that have been assigned to terminal 1330
for pilot transmission, where the number of pilot subbands for the uplink may be the
same or different from the number of pilot subbands for the downlink. A transmitter
unit 1370 then receives and processes the stream of symbols to generate an uplink
signal, which is transmitted by the antenna 1335 to the access point 1305.

[0099] At access point 1305, the uplink signal from terminal 1330 is received by the
antenna 1325 and processed by a receiver unit 1375 to obtain samples. A symbol
demodulator 1380 then processes the samples and provides received pilot symbols and
data symbol estimates for the uplink. An RX data processor 1385 processes the data
symbol estimates to recover the traffic data transmitted by terminal 1335. A processor
1390 performs channel estimation for each active terminal transmitting on the uplink.
Multiple terminals may transmit pilot concurrently on the uplink on their respective
assigned sets of pilot subbands, where the pilot subband sets may be interlaced.

[00100] Processors 1390 and 1350 direct (e.g., control, coordinate, manage, efc.)
operation at access point 1305 and terminal 1335, respectively. Respective processors
1390 and 1350 can be associated with memory units (not shown) that store program
codes and data. Processors 1390 and 1350 can also perform computations to derive
frequency and impulse response estimates for the uplink and downlink, respectively.
[00101] In further aspects, it is possible to provide a multi-antenna transmitter. In
such aspects, a demultiplexer may be provided at the input of TX data processor 1310,
which generates multiple streams of data that are separately processed coded and
modulated according to different subbands. Additionally, MIMO processing may be
provided at the output of the TX data processor 1310 or modulator 1320 so that multiple

transmit streams are created prior to transmission but after data processing. At the
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receiver 1330 various techniques may be utilized to decode the signals from the multiple
antennas.

[00102] For a multiple-access system (e.g., a frequency division multiple-access
(FDMA) system, efc.), multiple terminals may transmit concurrently on the uplink. For
such a system, the pilot subbands may be shared among different terminals. The
channel estimation techniques may be used in cases where the pilot subbands for each
terminal span the entire operating band (possibly except for the band edges). Such a
pilot subband structure would be desirable to obtain frequency diversity for each
terminal. The techniques described herein may be implemented by various means. For
example, these techniques may be implemented in hardware, software, or a combination
thereof. For a hardware implementation, the processing units used for channel
estimation may be implemented within one or more application specific integrated
circuits (ASICs), digital signal processors (DSPs), digital signal processing devices
(DSPDs), programmable logic devices (PLDs), field programmable gate arrays
(FPGAs), processors, controllers, micro-controllers, microprocessors, other electronic
units designed to perform the functions described herein, or a combination thereof.

With software, implementation can be through modules (e.g., procedures, functions, and
so on) that perform the functions described herein. The software codes may be stored in
memory unit and executed by the processors 1390 and 1350.

[00103] What has been described above includes examples of one or more
embodiments. It is, of course, not possible to describe every conceivable combination
of components or methodologies for purposes of describing the aforementioned
embodiments, but one of ordinary skill in the art may recognize that many further
combinations and permutations of various embodiments are possible. Accordingly, the
described embodiments are intended to embrace all such alterations, modifications and
variations that fall within the spirit and scope of the appended claims. Furthermore, to
the extent that the term “includes” is used in either the detailed description or the
claims, such term is intended to be inclusive in a manner similar to the term
“comprising” as “comprising” is interpreted when employed as a transitional word in a

claim.
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CLAIMS
What is claimed is:
1. A method of generating transmission symbols, comprising:

generating at least one single-carrier FDMA symbol;

assigning a set of subcarriers to transmit the at least one symbol;
generating at least one other single carrier FDMA symbol; and

varying subcarrier set assignments according to a predetermined pattern for

transmission of the at least one other single-carrier FDMA symbol.

2. The method of claim 1, varying the subcarrier set assignments comprises

changing an assignment of at least one offset in a predetermined set of offsets.

3. The method of claim 1, wherein the predetermined pattern is delineated by

transmission of a number of frames.

4. The method of claim 1, wherein the predetermined pattern is delineated by

expiration of a time period.

5. The method of claim 1, the subcarrier set assignments are varied at fixed
intervals delineated by the transmission of a predetermined number of single-carrier
FDMA symbols.

6. The method of claim 5, assigning subcarriers to a user device comprises:
generating a channel tree including a plurality of nodes;
assigning each child node a node value that represents a non-negative integer;
and
assigning a user device to a node in the channel tree to define the subcarrier set

assigned to the user device.
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7. The method of claim 1, further comprising employing an IFDMA protocol to

generate transmission symbols for transmission of the at least one single carrier FDMA

symbol.

8. The method of claim 1, further comprising reading a channel tree from bottom to

top to determine the subcarrier set.

9. The method of claim 8, further comprising reading a path in the channel tree

from a user device-assigned node upward to a root node of the tree.

10.  The method of claim 9, further comprising assessing value of nodes in the path,
beginning with the user device-assigned node and ending with the first child node of the

root node.

11.  The method of claim 10, further comprising performing a table lookup to
identify the subcarrier set corresponding to the value of the path from the user device-
assigned node to the first child node of the root node, and assigning the user device the

identified subcarrier set.

12. The method of claim 9, further comprising periodically varying node value

assignments to alter user-device subcarrier set assignments.

13.  The method of claim 9, wherein each node is assigned a non-binary value.
14.  The method of claim 9, wherein each node is assigned a binary value.

15.  The method of claim 1, further comprising employing an IFDMA protocol to
generate transmission symbols and varying subcarrier set assignments upon

transmission of each symbol when a subcarrier set assignment is of a size that warrants

channel estimation over the entirety of available bandwidth.
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16.  The method of claim 1, further comprising employing an LFDMA protocol to

generate transmission symbols for transmission of the at least one single carrier FDMA

symbol.

17. The method of claim 1, wherein subcarrier assignments are varied as a function

of at least one of sector identity and time.

18.  An apparatus that facilitates frequency hopping for single carrier FDMA
communication, comprising

a memory; and

a processor coupled with the memory, the processor configured to assign an
offset to a user device and to vary the offset for the user device according to a

predetermined pattern.

19.  The apparatus of claim 18, wherein the processor is further configured to utilize
a channel tree with a plurality of nodes and to assign nodes in the channel tree to

respective user devices.

20.  The apparatus of claim 19, wherein the channel tree is a non-binary channel tree

wherein each node has one or more child nodes.

21.  The apparatus of claim 19, wherein each child node is assigned a non-binary

value.

22.  The apparatus of claim 19, wherein the processor is further configured to read
the channel tree along a path from the node assigned to the user device to the first child

node of a root node in the channel tree and evaluates a value for the path.

23.  The apparatus of claim 22, wherein the processor is further configured to
perform a table lookup to identify an offset corresponding to the value of the path from
the node assigned to the user device to the root node and assigns to at least one of the

user devices the identified offset.
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24.  The apparatus of claim 23, wherein the user device is assigned an offset
corresponding to the value of the path to the node assigned to the user device from the

root node.

25.  The apparatus of claim 24, wherein the processor is further configured to
periodically permute node value assignments of one or more nodes in the channel tree to
change the offset of the user device by changing the value of the path from the user-

assigned node to the root node.

26.  The apparatus of claim 19, wherein the processor is further configured to read
the channel tree along a path from the first child node of a root node to a node assigned

to the user device in the channel tree and evaluates a value for the path.

27.  The apparatus of claim 19, wherein the channel tree is a non-binary channel tree
having a plurality of nodes, each of which is assigned a value that represents a non-

negative integer.

28.  The apparatus of claim 19, wherein the processor is further configured to read
the channel tree in an upward direction to determine an offset assignment for a user
device employing an IFDMA communication protocol and in a downward direction to
determine an offset assignment for a user device employing an LFDMA communication

protocol.

29.  The apparatus of claim 19, wherein the processor is further configured to
periodically permute offset assignments between respective user devices by altering

node value assignments.

30.  The apparatus of claim 18, wherein the processor is further configured to employ
a symbol rate hopping technique to alter node value assignments of one or more nodes

upon transmission of each symbol by the user device.
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31.  The apparatus of claim 30, the frequency hopping component is configured to
employ a block hopping technique to alter node value assignments of one or more nodes

upon transmission of a block of more than one symbol by the user device.

32. An apparatus comprising:
means for generating at least one single-carrier FDMA symbol;
means for assigning a set of subcarriers to transmit the at least one symbol;
means for generating at least one other single carrier FDMA symbol; and
means for varying subcatrier set assignments, according to a predetermined

pattern for transmission of the at least one other single-carrier FDMA symbol.

33. The apparatus of claim 32, the means for assigning comprises means for
allocating a node in a channel tree to the user device and means for assigning a value to

each node in the channel tree.

34.  The apparatus of claim 33, the means for assigning further comprises means for
reading a path in the channel tree from an allocated user node to a root node to
determine a value for nodes in the path that identifies the set of subcarriers to assign to

the user device and a number of subcarriers to include in the set.

35.  The apparatus of claim 34, the means for varying periodically alters values
assigned to one or more nodes in the channel tree to vary the value of the path between

the allocated user node and the root node.

36.  The apparatus of claim 35, the means for assigning assigns a new set of
subcarriers associated with the varied value of the path from the allocated user node to

the root node.

37.  The apparatus of claim 36, the means for varying alters node values upon

transmission of the at least one single carrier FDMA symbol.

38. A computer-readable medium having stored thereon computer-executable

instructions for:
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assigning an offset-related entity to a user device; and
periodically varying the offset for the user device based at least in part on the

assigned entity.

39.  The computer-readable medium of claim 38, further comprising instructions for:
assigning a value to each node of a channel tree;
allocating a node to at least one user device to assign a subcarrier set to the at
least one user device; and
permuting node values according to a pattern to change the subcarrier set

assigned to the at least one user device.

40.  The computer-readable medium of claim 39, further comprising instructions for
reading a path between the node allocated to the at least one user device and a root node

in the channel tree.

41.  The computer-readable medium of claim 40, further comprising instructions for
determining a subcarrier set to assign to the at least one user device based at least in part

on a path value derived from the values of nodes in the path.

42.  The computer-readable medium of claim 40, further comprising instructions for
determining a number of subcarriers to assign to the at least one user device based at
least in part on the number of nodes in the path, inclusive of the root node and the node

allocated to the at least one user device.

43,  The computer readable-medium of claim 38, wherein the instruction to permute
comprises instructions for computing an offset for the user device based at least in part

on the assigned entity.

44, A wireless communication device comprising:

a memory comprising information corresponding to a plurality of offset
assignments for transmission of single-carrier FDMA symbols; and

a processor coupled with the memory, the processor configured to vary the offset

assignments according to a predetermined pattern based upon the information.
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45. The wireless communication device of claim 44, wherein the information

corresponds to values for nodes of a channel tree.

46.  The wireless communication device of claim 45, wherein the nodes correspond

to root nodes and child nodes.

47. The wireless communication device of claim 45, wherein the channel tree is a

non-binary channel tree wherein each node has one or more child nodes.

48.  The wireless communication device of claim 45, wherein values correspond to
values generated by reading the channel tree along a path from the node assigned to the
user device to the first child node of a root node in the channel tree and evaluates a

value for the path.

49, The wireless communication device of claim 45, wherein the information

comprises a look-up table.

50. A method of generating transmission symbols, comprising:

generating at least one single-carrier FDMA symbol at a user device;

assigning a set of subcarriers to transmit the at least one symbol based upon user
information at the user device;

generating at least one other single carrier FDMA symbol at the user device; and

altering subcarrier set assignments according to a predetermined offset change
based upon the information for transmission of the at least one other single-carrier
FDMA symbol.

51.  The method of claim 50, further comprising reading a value from a look-up table
and wherein altering the subcarrier set assignments comprises changing the assignment

by altering the current subcarrier set location by the value.
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52.  The method of claim 50, wherein the predetermined pattern is delineated by

transmission of a number of frames.

53.  The method of claim 50, wherein the predetermined pattern is delineated by

expiration of a time period.

54.  The method of claim 50, the subcarrier set assignments are varied at fixed
intervals delineated by the transmission of a predetermined number of single-carrier
FDMA symbols.

55.  The method of claim 1, further comprising employing an IFDMA protocol to
generate transmission symbols and varying subcarrier set assignments upon
transmission of each symbol when a subcarrier set assignment is of a size that warrants

channe] estimation over the entirety of available bandwidth.

56.  The method of claim 1, further comprising employing an LFDMA protocol to
generate transmission symbols for transmission of the at least one single carrier FDMA

symbol.
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