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METHOD AND APPARATUS FOR SUPPORTING MULTIPLE
MULTIPLEXING SCHEMES FOR WIRELESS COMMUNICATION

L Claim of Priority under 35 U.S.C. §119

The present Application for Patent claims priority to Provisional Application
Serial No. 60/775,443, entitled “Wireless Communication System and Method,” and
Provisional Application Serial No. 60/775,693, entitled “DO Communication System
and Method,” both filed February 21, 2006, assigned to the assignee hereof, and

expressly incorporated herein by reference.

BACKGROUND
L Field
The present disclosure relates generally to communication, and more specifically

to transmission techniques for a wireless communication system.

II. Background

Wireless communication systems are widely deployed to provide various
communication services such as voice, video, packet data, messaging, broadcast, etc.
These systems may be multiple-access systems capable of supporting multiple users by
sharing the available system resources. Examples of such multiple-access systems
include Code Division Multiple Access (CDMA) systems, Time Division Multiple
Access (TDMA) systems, Frequency Division Multiple Access (FDMA) systems,
Orthogonal FDMA (OFDMA) systems, and Single-Carrier FDMA (SC-FDMA)
systems.

A multiple-access system may utilize one or more multiplexing schemes such as
code division multiplexing (CDM), time divisien multiplexing (TDM), etc. The systen;
may be deployed and may serve existing terminals. It may be desirable to improve the
performance of the system while retaining backward compatibility for the existing
terminals. For example, it may be desirable to employ spatial techniques such as
multiple-input multiple-output (MIMO) and spatial division multiple access (SDMA) to
improve throughput and/or reliability by exploiting additional spatial dimensionalities

provided by use of multiple antennas.
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There is therefore a need in the art for transmission techniques that can support
advanced communication techniques (e.g., spatial techniques) while retaining backward

compatibility for existing terminals.

SUMMARY

Techniques for efficiently sending data in a wireless communication system are
described herein. The techniques utilize a slot structure that is backward compatible
with existing design. The techniques also employ orthogonal frequency division
multiplexing (OFDM) to efficiently support spatial techniques and/or other advanced
communication techniques.

According to an aspect, an apparatus is described which determines time
frequency resources available for OFDM and excluding time frequency resources used
for traffic data and signaling sent with CDM. The apparatus assigns the time frequency
resources available for OFDM to at least one terminal and exchanges data with each
terminal via the time frequency resources assigned to that terminal.

According to another aspect, an apparatus is described which receives an
assignment of time frequency resources selected from time frequency resources
available for OFDM and excluding time frequency resources used for traffic data and
signaling sent with CDM. The apparatus exchanges data via the time frequency
resources in the assignment.

Various aspects and features of the disclosure are described in further detail

below.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 shows a wireless communication system.
FIG. 2 shows a slot structure in High Rate Packet Data (HRPD).
FIG. 3 shows a slot structure that supports OFDM and CDM in HRPD.
FIG. 4 shows a slot structure that supports OFDM and CDM for a single HRPD
carrier in a 5 MHZz spectral allocation.
FIGS. 5A and 5B show a tile structure with non-rectangular tiles.
FIGS. 6A through 6G show seven pilot patterns for the tiles in FIGS. 5A and 5B.
FIG. 7 illustrates frequency hopping for one HRPD carrier.
FIG. 8 shows a process performed by an access point for communication.

FIG. 9 shows a process performed by a terminal for communication.
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FIG. 10 shows a block diagram of an access point and a terminal.

DETAILED DESCRIPTION

The transmission techniques described herein may be used for various wireless
communication systems such as CDMA, TDMA, FDMA, OFDMA, and SC-FDMA
systems. The terms “systems” and ‘“networks” are often used interchangeably. A
CDMA system may implement a radio technology such cdma2000, Universal
Terrestrial Radio Access (UTRA), Evolved UTRA (E-UTRA), etc. c¢cdma2000 covers
18-2000, 1S-95 and IS-856 standards. UTRA includes Wideband-CDMA (W-CDMA)
and Low Chip Rate (LCR). A TDMA system may implement a radio technology such
as Global System for Mobile Communications (GSM). An OFDMA system may
implement a radio technology such as Long Term Evolution (LTE) {(which is part of E-
UTRA), IEEE 802.20, Flash-OFDM®, etc. UTRA, E-UTRA, GSM and LTE are
described in documents from an organization named “3rd Generation Parinership
Project” (3GPP). ¢dma2000 is described in documents from an organization named
*“3rd Generation Partnership Project 2" (3GPP2). These various radio technologies and
standards are known in the art.

For clarity, various aspects of the techniques are described below for a High
Rate Packet Data (HRPD) system that implements IS-856. HRPD is also referred to as
Evolution-Data Optimized (EV-DQ0), Data Optimized (DO), High Data Rate (HDR),
etc. The terms HRPD and EV-DO are often used interchangeably. Currently, HRPD
Revisions (Revs.) 0, A, and B have been standardized, HRPD Revs. 0 and A are
deployed, and HRPD Rev. C is under development. HRPD Revs. 0 and A cover single-
carrier HRPD (1xHRPD). HRPD Rev. B covers multi-carrier HRPD and is backward
compatible with HRPD Revs. 0 and A. The techniques described herein may be
incorporated in any HRPD revision. For clarity, HRPD terminology is used in much of
the description below.

FIG. 1 shows an HRPD communication system 100 with multiple access points
110 and multiple terminals 120. An access point is generally a fixed station that
communicates with the terminals and may also be referred to as a base station, a Node
B, etc. Each access point 110 provides communication coverage for a particular
geographic area and supports communication for the terminals located within the
coverage area. Access points 110 may couple to a system controller 130 that provides

coordination and control for these access points. System controller 130 may include
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network entities such as a Base Station Controller (BSC), a Packet Conirol Function
(PCF), a Packet Data Serving Node (PDSN), etc.

Terminals 120 may be dispersed throughout the system, and each terminal may
be stationary or mobile. A terminal may also be referred to as an access terminal, a
mobile station, a user equipment, a subscriber unit, a station, etc. A terminal may be a
cellular phone, a personal digital assistant (PDA), a wireless device, a handheld device,
a wireless modem, a laptop computer, etc. A terminal may support any HRPD
Revision. In HRPD, a terminal may receive a transmission on the forward link from
one access point at any given moment and may send a transmission on the reverse link
to one or more access points. The forward link {or downlink) refers to the
communication link from the access points to the terminals, and the reverse link (or
uplink) refers to the communication link from the terminals to the access points.

FIG. 2 shows a slot structure 200 that supports CDM on the forward link in
HRPD. The transmission timeline is partitioned into slots. Each slot has a duration of
1.667 milliseconds (ms) and spans 2048 chips. Each chip has a duration of 813.8
nanoseconds (ns) for a chip rate of 1.2288 mega chips/second (Mcps). Each slot is
divided into two identical half-slots. Each half-slot includes (i) an overhead segment
composed of a pilot segment at the center of the half-slot and two Media Access Control
(MAC) segments on both sides of the pilot segment and (ii) two traffic segments on
both sides of the overhead segment. The traffic segments may also be referred to as
traffic channel segments, data segments, data fields, etc. The pilot segment carries pilot
and has a duration of 96 chips. Each MAC segment carries signaling (e.g., reverse
power control (RPC) information) and has a duration of 64 chips. Each traffic segment
carries traffic data (e.g., unicast data for specific terminals, broadcast data, etc.) and has
a duration of 400 chips. ’

HRPD Revs. 0, A and B use CDM for data sent in the traffic segments. A traffic
segment may carry CDM data for one or more terminals being served by an access
point. The traffic data for each terminal may be processed based on coding and
modulation parameters determined by channel feedback received from that terminal to
generate data symbols. The data symbols for the one or more terminals may be
demultiplexed and covered with 16-chip Walsh functions or codes to generate the CDM
data for the traffic segment. The CDM data is thus generated in the time domain using
Walsh functions. A CDM traffic segment is a traffic segment carrying CDM data.
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It may be desirable to use OFDM and/or single-carrier frequency division
muliiplexing (SC-FDM) for data sent in the traffic segments. OFDM and SC-FDM
partition the available bandwidth into multiple orthogonal subcarriers, which are also
referred to as tones, bins, etc. Each subcarrier may be modulated with data. In general,
modulation symbols are sent in the frequency domain with OFDM and in the time
domain with SC-FDM. OFDM and S8C-FDM have certain desirable characteristics such
as the ability to readily combat intersymbol interference (ISI) caused by frequency
selective fading. OFDM can also efficiently support MIMOQO and SDMA, which may be
applied independently on each subcarrier and may thus provide good performance in a
frequency selective channel. For clarity, the use of OFDM to send data is described
below.

It may be desirable to support OFDM while retaining backward compatibility
with HRPD Revs. 0, A and B. In HRPD, the pilot and MAC segments may be
demodulated by all active terminals at all times whereas the traffic segments may be
demodulated by only the terminals being served. Hence, backward compatibility may
be achieved by retaining the pilot and MAC segments and modifying the traffic
segments. OFDM data may be sent in an HRPD waveform by replacing the CDM data
in a given 400-chip traffic segment with one or more OFDM symbols having a total
duration of 400 chips or less.

FIG. 3 shows a slot structure 300 that supports OFDM and CDM in HRPD. For
simplicity, only one half-slot is shown in FIG. 3. The half-slot includes (i) an overhead
segment composed of a 96-chip pilot segment and two 64-chip MAC segments and (ii)
two traffic segments on both sides of the overhead segment. Each traffic segment is
sent in a 400-chip traffic interval, and the overhead segment is sent in a 224-chip
overhead interval. In one design, CDM or OFDM may be selected for each traffic
segment, In this design, each traffic segment may carry CDM data if CDM is selected
or one or more OFDM symbols if OFDM is selected. In other design, a traffic segment
may carry both CDM data and OFDM data. For example, a traffic segment may carry
CDM data in half of the traffic segment and one or more OFDM symbols in the other
half of the traffic segment.

In general, OFDM symbols may be generated based on various OFDM symbol
numerologies or designs. Each OFDM symbol numerology is associated with specific
values for pertinent parameters such as OFDM symbol duration, number of subcarriers,
cyclic prefix length, etc. The OFDM symbol duration should be an integer divisor of
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the 400-chip traffic segment in order to fully utilize the traffic segment. Furthermore,
the sample rate for the OFDM symbols should be an integer multiple of the chip rate for
the CDM data in order to simplify processing at the access points and terminals.

Table 1 lists three example “normal” OFDM symbol numerologies 1, 2 and 3
that may be used for a traffic interval in HRPD and two example “long” OFDM symbol
numerologies 1 and 2 that may be used for an overhead interval in HRPD. These
numerologies are selected to be compatible with HRPD slot structure and chip rate so
that (i) an integer number of OFDM symbols is sent in a traffic or overhead segment
and (ii) the sample rate for the OFDM symbols is an integer multiple of the chip rate for
the CDM data. These numeroclogies are further selected such that the number of
subcarriers, which determines a discrete Fourier transform (DFT) size, allow for
efficient generation of the OFDM symbols. For these numerologies, the number of
subcarriers is not a power of 2 but has small prime factors. For example, 90 subcarriers
may be obtained with prime factors of 2, 3, 3 and 5. The small prime factors may allow
for efficient mixed-radix fast Fourier transform (FFT) implementations to generate the
OFDM symbols. In Table 1, 7 is a positive interval value that is dependent on the
spectral allocation. The numerologies shown in Table 1 allow for efficient embedding
of OFDM data in an HRPD waveform. Any of the normal OFDM symbol
numerologies may be used to replace CDM data with OFDM data in a traffic interval.
Any of the long OFDM symbol numerologies may be used to send OFDM data in an
overhead interval. Other OFDM symbol numerologies may also be used for the traffic

and overhead segments.

Table 1
Normal Normal Normal Long Long
OFDM OFDM OFDM OFDM OFDM
Parameter Symbol Symbol Symbol Symbol Symbel | Unit
Numero- | Numero- | Numero- | Numero- | Numero-
logy 1 logy 2 logy 3 logy 1 logy 2
Sample rate 1.2288 x i | 1.2288 x 2 | 1.2288 x n | 1.2288 x 7 | 1.2288 x 1 | Msps
Number of 90xn | 180xn | 360xm | 100xm | 200xn
subcarriers
Subcarrier
spacing 13.65333.. | 6.82666.. | 3.41333.. 12.288.. 6.144.. KHz
Useful portion 20 180 360 100 200 chips
Cyclic prefix .
length 7.5 16 36 8 20 chips
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Guard time 2.5 4 4 4 4 chips
OFDM symbol .
duration 100 200 400 112 224 chips
[0031] FIG. 4 shows a slot structure 400 that supports OFDM and CDM for a single

HRPD carrier in a 5 MHz spectral allocation. In the example shown in FIG. 4, the
single HRPD carrier is located near one edge of the 5 MHz spectral allocation. The
pilot and MAC segments for the HRPD carrier are sent in the center of the half-slot.
The two raffic segments for the HRPD carrier may each carry CDM data and/or OFDM
data.

[0032] An OFDM spectrum may be defined to include all usable spectrum in the
spectral allocation except for any HRPD cartiers. In the example shown in FIG. 4, the
OFDM spectrum includes the usable spectrum on both sides of the single HRPD carrier.
In general, up to three HRPD carriers may be sent in the 5 MHz spectral allocation, and
the OFDM spectrum may then exclude all of the HRPD carriers.

[0033] A normal OFDM symbol may be generated for each OFDM symbol period in a
traffic interval. The normal OFDM symbol period is 200 chips with normal OFDM
symbol numerclogy 2 in Table 1. The normal OFDM symbol may carry OFDM data on
(i) subcarriers corresponding to traffic segments used for OFDM and (ii) subcarriers in
the OFDM spectrum. The normal OFDM symbol may be nulled out on subcarriers
corresponding to traffic segments with CDM data.

[0034] A long OFDM symbol may be generated for each OFDM symbol period in an
overhead interval. The long OFDM symbol period is 224 chips with long OFDM
symbol numerology 2 in Table 1. The long OFDM symbol may carry OFDM data on
subcarriers in the OFDM spectrum and may be nulled out on subcarriers corresponding
to the overhead segment sent with CDM.

[0035] The OFDM spectrum may be used to implement an OFDMA channel that may
be operated independently of the traffic and overhead segments in legacy HRPD. In
FIG. 4, logical channel Chl may include the traffic segments for the HRPD carrier, and
logical channel Ch2 may correspond to the OFDMA channel. The OFDMA channel
may employ various features commonly used in a pure OFDMA system that utilizes
only OFDM for transmission. For example, the time frequency resources available for
the OFDMA channel may be partitioned into blocks, which may be assigned to

terminals.
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FIG. 5A shows a design of a tile structure 500 that may be used for the HRPD
slot structure shown in FIG. 2. Tile structure 500 covers one HRPD carrier in one half-
slot and includes the two traffic segments and the overhead segment shown in FIG. 3.
Tile structure 500 is also based on normal OFDM symbol numerology 2 and long
OFDM symbol numerology 2 in Table 1. For this design, a traffic segment covers two
normal OFDM symbols and spans 180 subcarriers with indices of 1 to 180. An
overhead segment covers one long OFDM symbol and spans 200 subcarriers with
indices of 1 to 200.

The time frequency resources available for one HRPD carrier in one half-slot
may be partitioned into multiple tiles. A tile may also be referred to as a time frequency
block, a resource block, etc. It may be desirable to have equal size (or approximately
equal size) tiles so that data processing is not dependent on which tiles are assigned. In
the design shown in FIG. 5A, the available time frequency resources are partitioned into
eight tiles - four “even” tiles and four “odd” tiles.

FIG. 5B shows one pair of even and odd tiles in tile structure 500 in FIG. SA.
Each tile spans a half-slot of 833 ps and covers an average of 22.5 contiguous
subcarriers per normal OFDM symbol and 25 subcarriers for the long OFDM symbol.
Each tile thus includes 90 resource units in the two traffic segments and 25 resource
units in the overhead segment. A resource unit is one subcarrier in one OFDM symbol
period and is usable to send one modulation symbol. Each tile is pseudo-rectangular,
with the even and odd tiles being related by a mirror symmetry. Hence, design features
for the even tile may be readily incorporated in the odd tile.

The time frequency resources available for OFDM may also be partitioned in
other manners. In another design, the available time frequency resources may be
partitioned into six tiles, with each tile covering 30 subcarriers per normal OFDM
symbol and either 33 or 34 subcarriers per long OFDM symbol. In yet another design,
the available time frequency resources may be partitioned into five tiles, with each tile
covering 36 subcarriers per normal OFDM symbol and 40 subcarriers per long OFDM
symbol. The time frequency resources available in a slot, or some other time duration
instead of a half-slot, may also be partitioned into tiles. In general, a tile may span any
fime duration and may also cover any number of subcarmiers. A tile may include
contiguous subcarriers (as shown in FIGS. 5A and 5B) or subcarriers distributed across
the OFDM spectrum. A tile may have a non-rectangular shape due to different numbers
of subcarriers in different symbol periods, which may result from (i) uneven partitioning
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of the subcarriers across OFDM symbol periods and/or (ii) use of different OFDM
symbol numerologies in different OFDM symbel periods. For clarity, the following
description assumes the use of the even and odd tiles shown in FIGS. 5A and 5B.

FIGS. 5A and SB show tile structure 500 for one HRPD carrier, or =1 in
Table 1. In general, a tile structure may be defined for any number of HRPD carriers or
any value of n. For example, tile structure 500 may be scaled by » and may then
include 8n tiles in each half-slot.

The available tiles may be assigned to terminals for transmission. In general, a
terminal may be assigned zero, one, or multiple tiles in a given scheduling interval (e.g.,
a half-slot) depending on data requirements of the terminal, the availability of tiles, etc.
An access point may send traffic data, signaling, and/or pilot in the assigned tile(s) to
the terminal. Pilot is data that is known a priori by both the access point and the
terminal and may be used for channel estimation, noise and/or interference estimation,
coherent data demodulation or detection, and/or other purposes. Pilot may be sent
based on a pilot pattern that indicates specific resource units to use to send pilot
symbols. A resource unit used to send a pilot symbol is referred to as a pilot tone in the
description below.

An access point may send pilot symbols on pilot tones in a tile. A terminal may
estimate channel gains for the pilot tones based on pilot symbols received from the
access point. The terminal may derive channel gains for other resource units in the tile
based on (e.g., by performing time-frequency interpolation of) the estimated channel
gains for the pilot tones. If the number of degrees of freedom of a wireless channel is
lower than the number of pilot tones in the tile, then pilot tones not needed to estimate
the channel gains may be used to estimate noise and interference power in the tile.

In general, a pilot pattern may include any number of pilot tones, and the pilot
tones may be located anywhere within a tile. The number of pilot tones may be selected
based on a tradeoff between overhead due to pilot and channel estimation performance.
The placement of the pilot tones may be based on various considerations such as delay
spread, Doppler spread, support for spatial multiplexing techniques such as MIMO
and/or SDMA, etc.

The spacing of the pilot tones in the frequency demain may be selected based on
expected delay spread of the wireless channel, where delay spread is reciprocal of
coherence bandwidth. Smaller frequency separation between pilot tones may be used to

handle larger delay spread. The spacing of pilot tones in the time domain may be
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selected based on expected Doppler spread of the wireless channel, where Doppler
spread is proportional to the speed of a terminal and the carrier frequency. Smaller time
separation between pilot tones may be used to handle larger Doppler spread.

The pilot tones may also be placed to support spatial multiplexing techniques
such as MIMO and SDMA for the forward and reverse links and quasi-orthogonal
multiplexing for the reverse link. With spatial multiplexing, multiple data streams may
be sent simultaneously via multiple spatial channels or layers formed by multiple
transmit antennas and multiple receive antennas. To support spatial multiplexing, the
pilot tones may be arranged in clusters within a tile. The number of pilot tones in each
cluster may be equal to or larger than the spatial rank to be supported. Spatial rank
refers to the number of spatial channels in a wireless channel, and hence the number of
data streams that may be sent in parallel via the wireless channel. The spatial rank may

be given as S<min {T, R}, where T is the number of transmit antennas, R is the

number of receive antennas, and S is the spatial rank.

The channel response may be assumed to be static across the pilot tones in each
cluster. The pilot tones in each cluster may be used to estimate the channel gains of
different data streams/layers or transmit antennas. In a first design, T transmit antennas
may be assigned T different pilot tones in a cluster, one pilot tone per transmit antenna,
and a pilot symbol may be sent from each transmit antenna on the pilot tone assigned to
that antenna. In a second design, code-based multiplexing of pilots may be used for
different data streams/layers or transmit antennas. In this design, the pilot for each
stream/ antenna may be spread across all pilot tones in an entire cluster with an
orthogonal code. For example, a pilot symbol for a stream or antenna may be spread
across three pilot tones in a cluster (e.g., for pilot pattern format 0 in FIG. 6A below)
with a column of a 3x3 DFT matrix. The second design may provide certain advantages
such as improved channel estimation accuracy (when the number of streams or antennas
is less than the cluster size) and constant signal and interference power spectral density
over the first design with one pilot tone per antenna. The second design utilizes the
contiguous structure of each pilot cluster to achieve orthogonality in the presence of
time and/or frequency channel variations. The pilots for the streams and antennas may
also be sent in other manners.

Different pilot patterns may be defined for different channel conditions, e.g.,
different delay spreads, Doppler spreads, and spatial ranks. The time and frequency
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separation between different clusters may be selected based on the expected Doppler
spread and delay spread, respectively, of the wireless channel. Some example pilot
patterns are given below. For each pilot pattern, the placement of the pilot tones is
given for the even and odd tiles shown in FIG. 3B (which are non-rectangular tiles) and
also given for an equivalent 16x8 rectangular tile covering 16 subcarriers in 8 symbol
periods.

FIG. 6A shows a pilot pattern 600 for format 0, which supports moderate delay
spread (e.g., up to 2.5 ps for OFDM symbol numerology 2 in Table 1) and spatial rank
of up to three. In pilot pattern 600, 18 pilot tones are arranged in six clusters of three.
Two clusters are located at the top of a tile, another two clusters are located near the
middle of the tile, and the last two clusters are located at the bottom of the tile. The
three pilot tones in each cluster may be used to estimate channel gains for up to three
spatial channels.

FIG. 6B shows a pilot pattern 610 for format 1, which supports larger delay
spread (e.g., up to 6 ps for OFDM symbol numerology 2 in Table 1) and spatial rank of
up to two. In pilot pattern 610, 24 pilot tones are arranged in twelve clusters of two.
Six pairs of clusters are formed and are distributed across the 22.5 subcarriers in a tile.
Each pair includes one cluster in the left half of the tile and another cluster in the right
half of the tile. The smaller frequency separation between pilot tones supports larger
delay spread. The two pilot tones in each cluster may be used to estimate channel gains
for up to two spatial channels.

FIG. 6C shows a pilot pattern 620 for format 2, which supports moderate delay
spread and spatial rank of up to four. In pilot pattern 620, 24 pilot tones are arranged in
six clusters of four. Two clusters are located at the top of a tile, another two clusters are
located near the middle of the tile, and the last two clusters are located at the bottom of
the tile. The four pilot tones in each cluster may be used to estimate channel gains for
up to four spatial channels.

FIG. 6D shows a pilot pattern 630 for format 3, which supports largervdelay
spread and spatial rank of up to four. In pilot pattern 630, 48 pilot tones are arranged in
twelve clusters of four. Six pairs of clusters are formed and are distributed across the
22.5 subcarriers in a tile.

FIG. 6E shows a pilot pattern 640 for format 4, which supports large delay
spread (e.g., up to 9 us for OFDM symbol numerology 2 in Table 1) and spatial rank of
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up to two. In pilot pattern 640, 32 pilot tones are arranged in 16 clusters of two. Eight
pairs of clusters are formed and are distributed across the 22.5 subcarriers in a tile. The
small frequency separation between pilot tones supports larger delay spread.

FIG. 6F shows a pilot pattern 650 for format 5, which supports large delay
spread and spatial rank of up to four. In pilot pattern 650, 64 pilot tones are arranged in
16 clusters of four. Two clusters, which are at the bottom of the even tile and at the top
of the odd tile, include pilot tones in the overhead segment. The clusters are distributed
across the 22.5 subcarriers in a tile.

FIG. 6G shows a pilot pattern 660 for format 6, which supports extra large delay
spread (e.g., up to 13 ps for OFDM symbol numerology 2 in Table 1) and spatial rank
of up to two. In pilot pattern 660, 48 pilot tones are arranged in 24 clusters of two.
Two clusters, which are at the bottom of the even tile and at the top of the odd tile,
include pilot tones that are adjacent diagonally.

Table 2 summarizes the seven pilot patterns shown in FIGS. 6A through 6G and
provides the supported delay spread, the supporied spatial rank, and the pilot overhead
for the non-rectangular tiles and rectangular tile. Table 2 shows that the overhead for
different pilot patterns in the non-rectangular and rectangular tiles are comparable. The
pilot patterns for the rectangular tile may also be extended to the non-rectangular tiles in
similar manner for other OFDM symbol numerologies, e.g., normal OFDM symbol

numerologies 1 and 3 in Table 1.

[0056)

Table 2
Pilot Pattern | Delay Spread | Spatial Rank gzgggsfaﬁ?g ; Rec(t)a‘lllegrll;l:z' dTile
Format 0 2.5 us 3 15.65% 14%
Format 1 6 ps 2 20.87% 18.75%
Format 2 2.5 us 4 20.87% 18.75%
Format 3 6 us 4 41.75% 37.5%
Format 4 ous 2 27.82% 25%
Format 5 9 s 4 55.65% 50%
Format 6 13 ps 2 41.74% 50%

FIGS. 6A through 6G show seven example pilot patterns that may be used for
the odd and even tiles shown in FIGS. 5A and 5B. Other pilot patterns may also be
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defined for these odd and even tiles. Other tiles may also be defined for the time
frequency resources available for OFDM, and appropriate pilot patterns may be defined
for these other tiles.

The system may support a set of pilot patterns designed for different channel
conditions and spatial ranks. A suitable pilot pattern may be selected for a terminal
based on the channel conditions and spatial rank applicable for the terminal. A new
pilot pattern may be selected for the terminal whenever the channel conditions and/or
the spatial rank change sufficiently to merit a change in pilot pattern. The pilot pattern
may be selected by any entity (the access point or the terminal) that have access to
information pertinent for making the selection.

The tiles and pilot patterns described herein may be used for transmission on the
forward link as well as the reverse link. On the reverse link, a terminal may transmit a
dedicated pilot to an access point on pilot tones in a tile assigned to that terminal. On
the forward link, an access point may transmit a dedicated pilot to a terminal on pilot
tones in a tile assigned to that terminal.

An access point may also transmit a common pilot that may be used by all
terminals within the coverage of the access point. For example, the access point may
transimit a common pilot on every P-th subcarriers in each OFDM symbol period, where
P may be equal to 4, 8, or some other suitable value. If multiple antennas are present,
then the access point may cycle through the antennas across frequency and/or time. As
an example for two antennas, the access point may transmit the common pilot from a
first antenna on every 16-th subcamrder and transmit the common pilot from a second
antenna on every 16-th subcarrier, with the subcarriers used for the second antenna
being interlaced with the subcarriers used for the first antenna.

The system may support frequency hopping for the OFDMA channel to allow a
data transmission to better withstand deleterious path effects such as frequency selective
fading, narrow-band interference, jamming, etc. With frequency hopping, different tiles
in different parts of the OFDM spectrum may be assigned to a terminal in different
scheduling intervals, e.g., different half-siots.

FIG, 7 illustrates frequency hopping on a time frequency plane for one HRPD
carrier with the tiles shown in FIGS. 5A and 5B. In this example, eight tiles with
indices of 1 through 8 may be defined for each half-slot and assigned to different
terminals. A terminal may be assigned a specific sequence of tiles over time. Different

tiles may be selected in a pseudo-random or deterministic manner in different half-slots
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to achieve frequency diversity. The sequence of tiles assigned to a terminal in one cell
may also be psendo-random with respect to the sequences of tiles assigned to terminals
in neighbor cells in order to randomize inter-cell interference.

FIG. 8 shows a design of a process 800 performed by an access point for
communication. Time frequency resources available for OFDM and excluding time
frequency resources used for traffic data and signaling sent with CDM may be
determined (block 812). The time frequency resources available for OFDM may be
assigned to at least cne terminal (block 814). For block 814, the time frequency
resources available for OFDM may be partitioned into multiple tiles. Each tile may
correspond to a block of time frequency resources and may have a non-rectangular
shape, e.g., due to use of multiple OFDM symbol numerologies. Each tile may include
a first section of time frequency resources defined based on a first OFDM symbol
numerology (e.g., the left traffic interval in FIG. 5SA), a second section of time
frequency resources defined based on a second OFDM symbol numerology {e.g., the
overhead interval in FIG. 5A), and a third section of time frequency resources defined
based on the first OFDM symbol numerology (e.g., the right traffic interval in FIG. 5A).
At least one of the multiple tiles may be assigned to each terminal. Each terminal may
also be assigned different ones of the multiple tiles over time with frequency hopping to
achieve frequency diversity and interference randomization.

A pilot pattern may be selected for each terminal from among multiple pilot
patterns (block 816). Alternatively, each terminal may select a suitable pilot pattern and
convey the selected pilot pattern to the access point. The multiple pilot patterns may
support different delay spreads, and a pilot pattern may be selected for each terminal
based on an expected delay spread for that terminal. The multiple pilot patterns may
also support different spatial ranks, and a pilot pattern may be selected for each terminal
based on the spatial rank for that terminal. Each pilot pattern may include multiple
clusters of pilot tones placed across a tile, with each pilot tone corresponding to one
subcarrier in one symbol period used for pilot. The multiple clusters of pilot tones for
each pilot pattern may be placed in different frequency locations and/or different time
locations across the tile, e.g., as shown in FIGS. 6A through 6G.

Data and pilot may be exchanged with each terminal via the time frequency
resources in the at least one tile assigned to that terminal (block 816). For the forward
link, data may be sent to each terminal on the at least one tile assigned to that terminal,
and pilot may also be sent on the at least one tile and based on the pilot pattern selected
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for the terminal. For the reverse link, data may be received from each terminal on the at
least one tile assigned to that terminal, and pilot may also be received on the at least one
tile and based on the pilot pattern selected for the terminal. OFDM symbols may be
processed (e.g., for OFDM modulation or demodulation) based on multiple OFDM
symbol numerologies for each assigned tile. A common pilot may also be sent across
the time frequency resources available for OFDM.

FIG. 9 shows a design of a process 900 performed by a terminal for
communication. The terminal may receive an assignment of time frequency resources
selected from time frequency resources available for OFDM and excluding time
frequency resources used for traffic data and signaling sent with CDM (block 912). The
assignment may be for a tile corresponding a block of time frequency resources, which
may have a non-rectangular shape. The assignment may also be for different tiles over
time to achieve frequency hopping. The terminal may obtain a selection of a pilot
pattern from among multiple pilot patterns (block 914). The pilot pattern may be
selected by the terminal and conveyed to an access point, or selected by the access point
and conveyed to the terminal. Data and pilot may be exchanged (eg., sent and/or
received) via the time frequency resources in the assignment (block 916). OFDM
symbols may be processed based on multiple OFDM symbol numerologies to exchange
data via the assigned time frequency resources. Pilot symbols may also be processed
based on the selected pilot pattern.

The non-rectangular tiles, pilot patterns for these tiles, and hopping of tiles in the
time-frequency plane for fading/interference diversity are some examples of how
different design elements of classical OFDMA systems (with homogeneous OFDM
symbol numerology and rectangular tile structures) may be incorporated in a hybrid
system where OFDM components with heterogeneous symbol numerologies may be
embedded in a seamless, backward compatible manner on an existing signal waveform
{(such as the HRPD forward link waveform).

FIG. 10 shows a block diagram of a design of an access point 110 and a
terminal 120, which are one of the access points and terminals in FIG. 1. For simplicity,
only processing units for transmission on the forward link are shown in FIG. 10. Also
for simplicity, access point 110 and terminal 120 are each shown with one antenna. In
general, each entity may be equipped with any number of antennas.

At access point 110, a transmit (TX) data and signaling processor 1010 receives

and processes {e.g., encodes, interleaves, and symbol maps) traffic data and signaling
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and provides data symbols and signaling symbols, respectively. A data symbol is a
symbol for traffic data, a signaling symbol is a symbol for signaling, a pilot symbol is a
symbol for pilot, and a symbol is typically a complex value. A pilot processor 1012
generates pilot symbols for each terminal based on a pilot pattern selected for that
terminal. A CDM/OFDM modulator 1020 receives the data symbols and signaling
symbols from processor 1010 and the pilot symbols from processor 1012, performs
CDM and/or OFDM modulation on the received symbols, and provides output samples.
Modulator 1020 may perform CDM processing for symbols sent in traffic and overhead
segments using CDM. Modulator 1020 may perform OFDM processing for symbols
sent in time frequency resources used for OFDM. A transmitter (TMTR) 1022
processes (e.g., converts to analog, amplifies, filters, and frequency upconverts) the
output samples from modulator 1020 and generates a forward link signal, which is
transmitted via an antenna 1024,

At terminal 120, an antenna 1052 receives the forward link signal from access
point 110 and provides a received signal to a receiver (RCVR) 1054. Receiver 1054
processes (e.g., filters, amplifies, frequency downconverts, and digitizes) the received
signal and provides received samples. A CDM/OFDM demodulator (Demod) 1060
processes the received samples in a manner complementary to the processing by
CDM/OFDM modulator 1020. Demodulator 1060 may derive a channel estimate for
the wireless channel between access point 110 and terminal 120 based on received pilot
symbols. Demodulator 1060 may process the received samples for CDM and/or OFDM
to obtain received symbols and may then perform data detection on the received
symbols with the channel estimate to obtain symbol estimates, which are estimates of
the data symbols and signaling symbols sent by access point 110 to terminal 120. A
receive (RX) data and signaling processor 1070 processes (e.g., symbol demaps,
deinterleaves, and decodes) the symbol estimates and provides decoded data and
signaling. In general, the processing by CDM/OFDM demodulator 1060 and RX data
and signaling processor 1070 is complementary to the processing by CDM/OFDM
modulator 1020 and TX data and signaling processor 1010, respectively, at access point
110.

Controllers 1030 and 1080 direct the operation at access point 110 and terminal
120, respectively. Memories 1032 and 1082 store program codes and data for access

point 110 and terminal 120, respectively.
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Those of skill in the art would understand that information and signals may be
represented using any of a variety of different technologies and techniques. For
example, data, instructions, commands, information, signals, bits, symbols, and chips
that may be referenced throughout the above description may be represented by
voltages, currents, electromagnetic waves, magnetic fields or particles, optical fields or
particles, or any combination thereof.

Those of skill would further appreciate that the various illustrative logical
blocks, modules, circuits, and algorithm steps described in connection with the
disclosure herein may be implemented as electronic hardware, computer software, or
combinations of both. To clearly illustrate this interchangeability of hardware and
software, various illustrative components, blocks, modules, circuits, and steps have been
described above generally in terms of their functionality. Whether such functionality is
implemented as hardware or software depends upon the particular application and
design constrainis imposed on the overall system. Skilled artisans may implement the
described functionality in varying ways for each particular application, but such
implementation decisions should not be interpreted as causing a departure from the
scope of the present disclosure.

The various illustrative logical blocks, modules, and circuits described in
connection with the disclosure herein may be implemented or performed with a general-
purpose processor, a digital signal processor (DSP), an application specific integrated
circuit (ASIC), a field programmable gate array (FPGA) or other programmable logic
device, discrete gate or tramsistor logic, discrete hardware components, or any
combination thereof designed to perform the functions described herein. A general-
purpose processor may be a microprocessor, but in the alternative, the processor may be
any conventional processor, controller, microcontroller, or state machine. A processor
may also be implemented as a combination of computing devices, ¢.g., a combination of
a DSP and a microprocessor, a plurality of microprocessors, one or more
microprocessors in conjunction with a DSP core, or any other such configuration.

The steps of a method or algorithm described in connection with the disclosure
herein may be embodied directly in hardware, in a software module executed by a
processor, or in a combination of the two. A software module may reside in RAM
memory, flash memory, ROM memory, EPROM memory, EEPROM memory,
registers, hard disk, a removable disk, a CD-ROM, or any other form of storage medium
known in the art. An exemplary storage medium is coupled to the processor such that
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the processor can read information from, and write information to, the storage medium.
In the alternative, the storage medium may be integral to the processor. The processor
and the storage medium may reside in an ASIC. The ASIC may reside in a user
terminal. In the alternative, the processor and the storage medium may reside as
discrete components in a user terminal.

The previous description of the disclosure is provided to enable any person
skilled in the art to make or use the disclosure. Various modifications to the disclosure
will be readily apparent to those skilled in the art, and the generic principles defined
herein may be applied to other variations without departing from the spirit or scope of
the disclosure. Thus, the disclosure is not intended to be limited to the examples
described herein but is to be accorded the widest scope consistent with the principles

and novel features disclosed herein.

WHAT IS CLAIMED IS:
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CLAIMS

i. An apparatus comprising:

at least one processor to determine time frequency resources available for
orthogonal frequency division multiplesing (OFDM) and excluding time frequency
resources used for traffic data gnd signaling sent with code division multiplexing
(CDM), and to assign the tme frequency resources available for OFDM to at least one
terminal; and

a memaory coupled to the at least one processar,

2. The apparatus of claim 1, wherein the at least one processor partitions
the time frequency resonrces available for OFDM into multiple tiles and assigns at least

one of the muliiple tiles to each of the at least one terminal,

3. The apparatus of claim 2, wherein each tile corresponds to a block of

time frequency resources having a non-rectangular shape.

4, The apparatus of claim 2, wherein the at least one processor partitions
the time frequency resources available for OFDM into multiple tiles of at least two

different non~-rectangular shapes.

5. The apparatus of claim 4, wherein two of the different non-rectangular

shapes have mirror symmetry.

6. The apparatus of claim 5, wherein the two different non~rectangular

shapes with mirror svmimetry are assoclated with pilot patterns with neirror symmetry.

7. The apparatus of claim 2, wherein the at least one processor processes
OFDM symbols based on multiple OFDM symbol numerologies for each tile assigned

to the at least one terminal,

8. The apparatus of claim 2, wherein each tile includes a first section of

time frequency resources defined based on a Frst OFDM symbol numerclogy and a
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second section of time frequency resources defined based on a second OFDM symbol

numerology.

9, The apparatus of claim 8, whersin each tile further includes a third
section of time frequency resources defined based on the first OFDM symbol

numerciogy, the second section being located between the first and third sections.

10.  The apparatus of claim 1, wherein the at least one processor assigns each

terminal difterent ones of the mudtiple tiles over time to achieve frequency hopping.

i1 The apparatus of claim 1, wherein the at least one processor selects a

pilot pattern for each terminal from among maudtiple pilot patterns.

12, The apparatus of claim 11, wherein the multiple pilot patterns support at
1east two different delay spreads, and wherein the at least one processor selects the pilot

pattern for each terminal based on an expected delay spread for the terminal.

i3 The apparatus of claim 11, wherein the multipie pilot patterns support at
Ieast two different spatial ranks, and wherein the at least one processor selects the pilot

pattern for each terminal based on a spatial rank for the terminal.

14 The apparatus of clsim 11, wherein each of the multiple pilot patterns
includes multiple clusters of pilot tones placed across a tile corresponding to a block of
time frequency resources, cach pilot tone corresponding to one subcartier in one symbol

period used for pilot.

s The apparatus of claim 14, wherein the maltiple clusters of pilot tones

for each pilot pattern are placed in at least two frequency locations across the tile.

16,  The apparatus of claim 14, wherein the mudtiple clusters of pilot tones

for each pilot pattern are placed ia at least two time locations across the tile.

17. The apparafus of claim 1, wherein the at least one provessor sends a

commaon pilot across the time frequency resources available for OFDM.
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18.  The apparatus of claim 2, wherein the al least one processor sends data to
each terminal on the at least one tile assigned to the ferminal and sends pilot to each

terminal on the at least one file and based on & pilot paitern selected for the terminal.

19, The apparatus of claim 2, wherein the at least one processor receives data
from each terminal on the at least one tile assigned to the terminal and receives pilot
from each terminal on the & least one tile and based on a pilot patiernt selected for the

terminal.

20. A method comprising:

determining fime flrequency resources available for orthogonal frequency
division multiplexing (OFDM) and excluding time frequency resources used for traffic
data and signaling sent with code division multiplexing (CIOM); and

assigning the time frequency resources available for OFDM to at least one

terminal.

21, The method of claim 20, wherein the assigning the time frequency
resources avatlable for OFDM comprises A

partitioning the lime frequency resources available for OFDM into multiple tiles,
each tile corresponding to a block of time frequency resources, and

assigning at least one of the multipie tiles to each of the s least one terminal.

22. The method of clatm 21, further comprising:
processing OFDM symbols based on multiple OFDM symbol numerologies for

each tile assigned to the at least one terminal.

23. The method of claim 20, further comprising:

selecting a pilot pattern for each terminal from among multiple pilot patterns.

24, An apparatus comprising:
means for determining time frequency rvesources avallable for orthogonal
frequency division multiplexing (OFDM) and excluding Hime frequency resources used

for wraffic data and signaling sent with code division multiplexing {CDM); and
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means for assigning the time frequency resources available for OFDM o at least

one terminal.

25. The apparatus of claim 24, whersin the means for assigning the time
frequency resources available for OFDM comprises

means for partitioning the time frequency resources available for OFDM iato
mulliple tiles, each tile corresponding to a block of time frequency resources, and

means for assigning at least one of the multiple tiles to sach of the at least one

termingd.

26. The apparatus of clsim 25, further comprising:
means for processing OFDM symbols based on muliiple OFDM symbol

numerofogies tor each tile assigned to the at least one terminal.

27.  The apparatus of claim 24, further comprising:
means for selecting a pitot pattern for each terminat from among multipte pitot

patterns.

28. A processor readable media for storing instructions to:

determine Uime frequency resources available for orthogonal frequency division
multiplexing (OFDM) and excluding time frequency resources used for traffic data and
signaling sent with code division multiplexing (CDM); and

assign the time frequency resources available for OFDM to at teast one terninal,

29.  The processor readable media of claim 28, and further for storing
Instruetions 1o:

select a pilot pattern for each terminal from among multiple pilot patterns.

30.  Anapparatus comptising:

at least one processor fo receive an assignment of time frequency resources
selected from time frequeacy resources available for orthogonal frequency division
multiplexing {OFDM) and excluding time frequency resources used for iraffic data and
signaling sent with code division multiplexing (CDM), and to exchange data via the

time frequency resources in the assignment; and
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a memory coupled to the at least one processor.

31.  The apparatus of claim 30, wherein the assignment is for a bloek of time

frequency resources having a non-rectanguiar shape.

32,  The apparatus of claim 30, the at least one processor processes OFDM
symbols based on multiple OFDM symbol numerologies to exchange data via the time

frequency respurces it the assignment,

33.  The apparatus of claim 30, wherein the at Jeast one processor processes

pilot symbols based on a pilot pattern selected From among multipie pilot patterns.

34.  The apparatus of claim 33, wherein the pilot pattern includes muliiple
clusters of pilot tones placed across a tile corresponding to the time frequency resources
in the assignment, and wherein the at least one processor sends at least one pilot symbol
from at least one anteana on at least one pilot tone in each of the muitiple clusters, one

pilot symbol from each antenna in each cluster,

35, The apparatus of claim 33, wherein the pilot pattern includes multiple
clusters of pilot tones placed across a tile corresponding to the ime frequency resources
in the sssignment, and wherein the at least one processor sends at least one pilot symbol
for at least one data stream in each of the multiple clusters, sach pilot symbol being

spread across all pilot tones in a cluster with an orthogonal code.

36. A method comprising:

receiving an assignment of time frequensy resources selected from time
frequency resources available for orthogonal frequency division maltiplexing {OFDM)
and excluding fime frequency resources used for traffic data and signaling sent with
code division multiplexing (CDM); and

exchanging data via the time frequency resources in the assignment.

37. The method of claim 36, wherein the exchanging data compyises
processing OFDM symbols based on multiple OFDM symbol numerclogies to

exchange daia via the time frequency resources in the assignment.
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38, The method of claim 36, further comprising:
processing pilot symbols based on a pilot pattern selected from among multiple

pilat patterns.

39, An apparatus comprising:

means for receiving an assignment of time frequency resources selected among
time frequency resowrces available for orthogonal frequency division mudtiplexing
{OFDM) and excluding time frequency resources used for traffic data and signaling sent
with code division multipiexing (CDM); and

means for exchanging data via the Hme frequency resources in the assignment.

40,  The appamivs of claim 39, wherein the means for exchanging data
comprises
means for processing OFDM symbols based on multiple OFDM symbol

numerotogies to exchange data via the me frequency resources in the assigament.

41, The apparatus of clatm 39, futher comprising:
means for processing pilot symbaols based on g pilot pattern selected from among

muliiple pilot patterns.
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