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(57) ABSTRACT 

Certain aspects of the present disclosure relate to a method for 
allocating a plurality of logical channels within each wide 
band channel specified by the IEEE 802.15.3c standard. Each 
logical channel can utilize the same wideband channel, but 
the logical channel can also utilize a narrowband channel 
(i.e., a low data rate (LDR) channel) for control and signaling. 
The logical channel may function as a common mode channel 
for multi-mode operations. A piconet controller (PNC) within 
a piconet can utilize the LDR for beaconing, association, and 
for assigning Channel Time Allocations (CTAs). Inside a 
CTA period, multiple devices in the piconet can communicate 
using a single-carrier mode, an OFDM mode, or some other 
mode. 
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COMMON-MODEPARTITIONING OF 
WDEBAND CHANNELS 

CLAIM PRIORITY UNDER 35 U.S.C.S 119 
0001. The present Application for Patent claims priority to 
Provisional Application No. 61/092,613 filed Aug. 28, 2008, 
and assigned to the assignee hereof and hereby expressly 
incorporated by reference herein. 

BACKGROUND 

0002 1. Field 
0003 Certain aspects of the present disclosure generally 
relate to a wireless communication and, more particularly, to 
a method for partitioning wideband channels into common 
mode channels for Supporting multi-mode operations. 
0004 2. Background 
0005. An ultra-wideband (UWB) Physical Layer (PHY) 
can be used for millimeter wave communications (e.g., com 
munications with carrier frequency of approximately 60 
GHz). A dual-mode UWB PHY supporting single carrier and 
Orthogonal Frequency Division Multiplexing (OFDM) 
modulation can employ a common mode. The common mode 
is a single-carrier mode used by both single-carrier and 
OFDM devices for beaconing, network-control signaling, 
and base-rate data communications. The common mode is 
typically required for interoperability between different 
devices and different networks. 
0006. The Institute of Electrical and Electronics Engineers 
(IEEE) 802.15.3 Task Group 3c was formed in March 2005. 
The IEEE 802.15.3c is intended to support a millimeter 
wave-based PHY as an alternative for the existing 802.15.3 
Wireless Personal Area Network (WPAN) standard 802.15. 
3-2003. This millimeter-wave WPAN should operate in the 
new and clear band including 57-64 GHz unlicensed band 
specified by the Federal Communications Commission 
(FCC). The millimeter-wave WPAN should allow high coex 
istence (i.e., close physical spacing) with all other microwave 
systems in the 802.15 family of WPANs. In addition, the 
millimeter-wave WPAN should support high data rate appli 
cations (i.e., at least 1 Gbps data rates). Such as high speed 
internet access, streaming video, etc. Very high data rates in 
excess of 2 Gbps may be provided for simultaneous time 
dependent applications such as real time multiple High Defi 
nition Television (HDTV) video streams. 
0007. The IEEE 802.15.3c specification provides for four 
wideband channels, which allows four piconet controllers 
(PNCs) to operate concurrently. A wideband channel can be 
utilized for data communications operated by a specific PNC. 
On the other hand, no channels are yet specified by the IEEE 
802.15.3c standard to be utilized as common mode channels 
for multi-mode operations. 
0008. Therefore, there is a need in the art for a method to 
introduce common mode channels within the existing IEEE 
802.15.3c wideband channels in order to support multi-mode 
operations. 

SUMMARY 

0009 Certain aspects provide a method for wireless com 
munications. The method generally includes utilizing a wide 
band channel for communicating data within a first piconet, 
wherein the wideband channel is allocated for use by a plu 
rality of piconets comprising the first piconet, and utilizing a 
narrowband sub-channel encompassed by the wideband 
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channel for communicating control information, wherein the 
narrowband Sub-channel is dedicated for communicating 
control information in the first piconet. 
0010 Certain aspects provide an apparatus for wireless 
communications. The apparatus generally includes a circuit 
configured to utilize a wideband channel for communicating 
data within a first piconet, wherein the wideband channel is 
allocated for use by a plurality of piconets comprising the first 
piconet, and a circuit configured to utilize a narrowband Sub 
channel encompassed by the wideband channel for commu 
nicating control information, wherein the narrowband Sub 
channel is dedicated for communicating control information 
in the first piconet. 
0011 Certain aspects provide an apparatus for wireless 
communications. The apparatus generally includes means for 
utilizing a wideband channel for communicating data within 
a first piconet, wherein the wideband channel is allocated for 
use by a plurality of piconets comprising the first piconet, and 
means for utilizing a narrowband Sub-channel encompassed 
by the wideband channel for communicating control infor 
mation, wherein the narrowband sub-channel is dedicated for 
communicating control information in the first piconet. 
0012 Certain aspects provide a computer-program prod 
uct for wireless communications. The computer-program 
product includes a computer-readable medium encoded with 
instructions executable to utilize a wideband channel for 
communicating data within a first piconet, wherein the wide 
band channel is allocated for use by a plurality of piconets 
comprising the first piconet, and utilize a narrowband Sub 
channel encompassed by the wideband channel for commu 
nicating control information, wherein the narrowband Sub 
channel is dedicated for communicating control information 
in the first piconet. 
0013 Certain aspects provide an access point. The access 
point generally includes at least one antenna, a transmitter 
configured to utilize a wideband channel for transmitting data 
via the at least one antenna within a first piconet, wherein the 
wideband channel is allocated for use by a plurality of pico 
nets comprising the first piconet, and a circuit configured to 
utilize a narrowband Sub-channel encompassed by the wide 
band channel for transmitting control information via the at 
least one antenna, wherein the narrowband Sub-channel is 
dedicated for communicating control information in the first 
piconet. 
0014 Certain aspects provide an access terminal. The 
access terminal generally includes at least one antenna, a 
receiver configured to utilize a wideband channel for receiv 
ing data via the at least one antenna within a first piconet, 
wherein the wideband channel is allocated for use by a plu 
rality of piconets comprising the first piconet, and a circuit 
configured to utilize a narrowband Sub-channel encompassed 
by the wideband channel for receiving control information 
via the at least one antenna, wherein the narrowband Sub 
channel is dedicated for communicating control information 
in the first piconet. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0015. So that the manner in which the above-recited fea 
tures of the present disclosure can be understood in detail, a 
more particular description, briefly Summarized above, may 
be had by reference to aspects, some of which are illustrated 
in the appended drawings. It is to be noted, however, that the 
appended drawings illustrate only certain typical aspects of 
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this disclosure and are therefore not to be considered limiting 
of its scope, for the description may admit to other equally 
effective aspects. 
0016 FIG. 1 illustrates an example wireless communica 
tion system, in accordance with certain aspects of the present 
disclosure. 
0017 FIG. 2 illustrates various components that may be 
utilized in a wireless device in accordance with certain 
aspects of the present disclosure. 
0018 FIG. 3 illustrates an example transmitter and an 
example receiver that may be used within a wireless commu 
nication system in accordance with certain aspects of the 
present disclosure. 
0019 FIG. 4 illustrates low, center and high frequency for 
each of four wideband channels specified by the IEEE 802. 
15.3c standard in accordance with certain aspects of the 
present disclosure. 
0020 FIG.5 illustrates frequency allocations of wideband 
channels specified by the IEEE 802.15.3c standard in accor 
dance with certain aspects of the present disclosure. 
0021 FIG. 6 illustrates example operations for partition 
ing a wideband channel into narrowband Sub-channels and 
for utilizing narrowband Sub-channels in accordance with 
certain aspects of the present disclosure. 
0022 FIG. 6A illustrates example components capable of 
performing the operations illustrated in FIG. 6. 
0023 FIG. 7 illustrates an example of frequency alloca 
tion of logical channels within a plurality of wideband chan 
nels in accordance with certain aspects of the present disclo 
SUC. 

0024 FIG. 8 illustrates an example of frequency alloca 
tion for narrowband sub-channels within one wideband chan 
nel in accordance with certain aspects of the present disclo 
SUC. 

0025 FIGS. 9A-9B illustrate a frame format of a low data 
rate (LDR) logical channel and a preamble format within the 
LDR frame, respectively in accordance with certain aspects 
of the present disclosure. 
0026 FIG. 10 illustrates an auto-correlation function of 
the preamble sequence from the LDR frame in accordance 
with certain aspects of the present disclosure. 
0027 FIG. 11 illustrates correlations for a coherently 
detected Start Frame Delimiter (SFD) and for a differentially 
detected SFD from the LDR frame in accordance with certain 
aspects of the present disclosure. 

DETAILED DESCRIPTION 

0028. Various aspects of the disclosure are described more 
fully hereinafter with reference to the accompanying draw 
ings. This disclosure may, however, be embodied in many 
different forms and should not be construed as limited to any 
specific structure or function presented throughout this dis 
closure. Rather, these aspects are provided so that this disclo 
sure will be thorough and complete, and will fully convey the 
scope of the disclosure to those skilled in the art. Based on the 
teachings herein one skilled in the art should appreciate that 
the scope of the disclosure is intended to cover any aspect of 
the disclosure disclosed herein, whether implemented inde 
pendently of or combined with any other aspect of the disclo 
Sure. For example, an apparatus may be implemented or a 
method may be practiced using any number of the aspects set 
forth herein. In addition, the scope of the disclosure is 
intended to cover Such an apparatus or method which is 
practiced using other structure, functionality, or structure and 
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functionality in addition to or other than the various aspects of 
the disclosure set forth herein. It should be understood that 
any aspect of the disclosure disclosed herein may be embod 
ied by one or more elements of a claim. 
0029. The word “exemplary” is used hereinto mean “serv 
ing as an example, instance, or illustration.” Any aspect 
described herein as “exemplary' is not necessarily to be con 
Strued as preferred or advantageous over other aspects. 
0030 Although particular aspects are described herein, 
many variations and permutations of these aspects fall within 
the scope of the disclosure. Although some benefits and 
advantages of the preferred aspects are mentioned, the scope 
of the disclosure is not intended to be limited to particular 
benefits, uses, or objectives. Rather, aspects of the disclosure 
are intended to be broadly applicable to different wireless 
technologies, system configurations, networks, and transmis 
sion protocols, some of which are illustrated by way of 
example in the figures and in the following description of the 
preferred aspects. The detailed description and drawings are 
merely illustrative of the disclosure rather than limiting, the 
Scope of the disclosure being defined by the appended claims 
and equivalents thereof. 

An Example Wireless Communication System 
0031. The techniques described herein may be used for 
various broadband wireless communication systems, includ 
ing communication systems that are based on a single carrier 
transmission. Aspects disclosed herein may be advantageous 
to systems employing Ultra Wide Band (UWB) signals 
including millimeter-wave signals. However, the present dis 
closure is not intended to be limited to Such systems, as other 
coded signals may benefit from similar advantages. 
0032. The teachings herein may be incorporated into (e.g., 
implemented within or performed by) a variety of wired or 
wireless apparatuses (e.g., nodes). In some aspects, a node 
implemented in accordance with the teachings herein may 
comprise an access point or an access terminal. 
0033. An access point (AP) may comprise, be imple 
mented as, or known as NodeB, Radio Network Controller 
(“RNC), eNodeB, Base Station Controller (“BSC), Base 
Transceiver Station (“BTS”), Base Station (“BS”), Trans 
ceiver Function (“TF), Radio Router, Radio Transceiver, 
Basic Service Set (“BSS), Extended Service Set (“ESS”), 
Radio Base Station (“RBS”), or some other terminology. 
0034. An access terminal (AT) may comprise, be imple 
mented as, or known as an access terminal, a Subscriber 
station, a Subscriber unit, a mobile station, a remote station, a 
remote terminal, a user terminal, a user agent, a user device, 
user equipment, or some other terminology. In some imple 
mentations an access terminal may comprise a cellular tele 
phone, a cordless telephone, a Session Initiation Protocol 
(“SIP) phone, a wireless local loop (“WLL) station, a per 
sonal digital assistant ("PDA), a handheld device having 
wireless connection capability, or some other Suitable pro 
cessing device connected to a wireless modem. Accordingly, 
one or more aspects taught herein may be incorporated into a 
phone (e.g., a cellular phone or Smart phone), a computer 
(e.g., a laptop), a portable communication device, a portable 
computing device (e.g., a personal data assistant), an enter 
tainment device (e.g., a music or video device, or a satellite 
radio), a global positioning system device, or any other Suit 
able device that is configured to communicate via a wireless 
or wired medium. In some aspects the node is a wireless node. 
Such wireless node may provide, for example, connectivity 
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for or to a network (e.g., a wide area network Such as the 
Internet or a cellular network) via a wired or wireless com 
munication link. 
0035 FIG. 1 illustrates an example of a wireless commu 
nication system 100 in which aspects of the present disclosure 
may be employed. The wireless communication system 100 
may be a broadband wireless communication system. The 
wireless communication system 100 may provide communi 
cation for a number of cells 102, each of which is serviced by 
a base station 104. A base station 104 may be a fixed station 
that communicates with user terminals 106. The base station 
104 may alternatively be referred to as an access point, a Node 
B or some other terminology. 
0036 FIG. 1 depicts various user terminals 106 dispersed 
throughout the system 100. The user terminals 106 may be 
fixed (i.e., stationary) or mobile. The user terminals 106 may 
alternatively be referred to as remote stations, access termi 
nals, terminals, Subscriber units, mobile stations, stations, 
user equipment, etc. The user terminals 106 may be wireless 
devices, such as cellular phones, personal digital assistants 
(PDAs), handheld devices, wireless modems, laptop comput 
ers, personal computers, etc. 
0037. A variety of algorithms and methods may be used 
for transmissions in the wireless communication system 100 
between the base stations 104 and the user terminals 106. For 
example, signals may be sent and received between the base 
stations 104 and the user terminals 106 in accordance with 
UWB techniques. If this is the case, the wireless communi 
cation system 100 may be referred to as an UWB system. 
0038 A communication link that facilitates transmission 
from a base station 104 to a user terminal 106 may be referred 
to as a downlink (DL) 108, and a communication link that 
facilitates transmission from a user terminal 106 to a base 
station 104 may be referred to as an uplink (UL) 110. Alter 
natively, a downlink 108 may be referred to as a forward link 
or a forward channel, and an uplink 110 may be referred to as 
a reverse link or a reverse channel. 
0039. A cell 102 may be divided into multiple sectors 112. 
A sector 112 is a physical coverage area within a cell 102. 
Base stations 104 within a wireless communication system 
100 may utilize antennas that concentrate the flow of power 
within a particular sector 112 of the cell 102. Such antennas 
may be referred to as directional antennas. 
0040 FIG. 2 illustrates various components that may be 
utilized in a wireless device 202 that may be employed within 
the wireless communication system 100. The wireless device 
202 is an example of a device that may be configured to 
implement the various methods described herein. The wire 
less device 202 may be a base station 104 or a user terminal 
106. 

0041. The wireless device 202 may include a processor 
204 which controls operation of the wireless device 202. The 
processor 204 may also be referred to as a central processing 
unit (CPU). Memory 206, which may include both read-only 
memory (ROM) and random access memory (RAM), pro 
vides instructions and data to the processor 204. A portion of 
the memory 206 may also include non-volatile random access 
memory (NVRAM). The processor 204 typically performs 
logical and arithmetic operations based on program instruc 
tions stored within the memory 206. The instructions in the 
memory 206 may be executable to implement the methods 
described herein. 
0042. The wireless device 202 may also include a housing 
208 that may include a transmitter 210 and a receiver 212 to 
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allow transmission and reception of data between the wireless 
device 202 and a remote location. The transmitter 210 and 
receiver 212 may be combined into a transceiver 214. An 
antenna 216 may be attached to the housing 208 and electri 
cally coupled to the transceiver 214. The wireless device 202 
may also include (not shown) multiple transmitters, multiple 
receivers, multiple transceivers, and/or multiple antennas. 
0043. The wireless device 202 may also include a signal 
detector 218 that may be used in an effort to detect and 
quantify the level of signals received by the transceiver 214. 
The signal detector 218 may detect Such signals as total 
energy, energy per Subcarrier per symbol, power spectral 
density and other signals. The wireless device 202 may also 
include a digital signal processor (DSP) 220 for use in pro 
cessing signals. 
0044) The various components of the wireless device 202 
may be coupled together by a bus system 222, which may 
include a power bus, a control signal bus, and a status signal 
bus in addition to a data bus. 

004.5 FIG. 3 illustrates an example of a transmitter 302 
that may be used within a wireless communication system 
100 that utilizes UWB, and Orthogonal Frequency Division 
Multiplexing or Orthogonal Frequency Division Multiple 
Access (OFDM/OFDMA). Portions of the transmitter 302 
may be implemented in the transmitter 210 of a wireless 
device 202. The transmitter 302 may be implemented in a 
base station 104 for transmitting data 306 to a user terminal 
106 on a downlink 108. The transmitter 302 may also be 
implemented in a user terminal 106 for transmitting data 306 
to a base station 104 on an uplink 110. 
0046 Data 306 to be transmitted is shown being provided 
as input to a serial-to-parallel (S/P) converter 308. The S/P 
converter 308 may split the transmission data into M parallel 
data streams 310. 

0047. The M parallel data streams 310 may then be pro 
vided as input to a mapper 312. The mapper 312 may map the 
Mparallel data streams 310 onto M constellation points. The 
mapping may be done using some modulation constellation, 
Such as binary phase-shift keying (BPSK), quadrature phase 
shift keying (QPSK), 8 phase-shift keying (8PSK), quadra 
ture amplitude modulation (QAM), etc. Thus, the mapper 312 
may output M parallel symbol streams 316, each symbol 
stream 316 corresponding to one of the Morthogonal subcar 
riers of the inverse fast Fourier transform (IFFT) 320. These 
M parallel symbol streams 316 are represented in the fre 
quency domain and may be converted into M parallel time 
domain sample streams 318 by an IFFT component 320. 
0048. A brief note about terminology will now be pro 
vided. M parallel modulations in the frequency domain are 
equal to M modulation symbols in the frequency domain, 
which are equal to M mapping and M-point IFFT in the 
frequency domain, which is equal to one (useful) OFDM 
symbol in the time domain, which is equal to Msamples in the 
time domain. One OFDM symbol in the time domain, N, is 
equal to N (the number of guard samples per OFDM sym 
bol)+M (the number of useful samples per OFDM symbol). 
0049. The M parallel time domain sample streams 318 
may be converted into an OFDM/OFDMA symbol stream 
322 by a parallel-to-serial (P/S) converter 324. A guard inser 
tion component 326 may insert a guard interval between 
successive OFDM/OFDMA symbols in the OFDM/OFDMA 
symbol stream 322. The output of the guard insertion com 
ponent 326 may then be upconverted to a desired transmit 
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frequency band by a radio frequency (RF) front end 328. An 
antenna 330 may then transmit the resulting signal 332. 
0050 FIG.3 also illustrates an example of a receiver 304 
that may be used within a wireless device 202 that utilizes 
OFDM/OFDMA. Portions of the receiver 304 may be imple 
mented in the receiver 212 of a wireless device 202. The 
receiver 304 may be implemented in a user terminal 106 for 
receiving data 306 from a base station 104 on a downlink 108. 
The receiver 304 may also be implemented in a base station 
104 for receiving data 306 from a user terminal 106 on an 
uplink 110. 
0051. The transmitted signal 332 is shown traveling over a 
wireless channel 334. When a signal 332' is received by an 
antenna 330', the received signal 332' may be downconverted 
to a baseband signal by an RF front end 328. A guard removal 
component 326 may then remove the guard interval that was 
inserted between OFDM/OFDMA symbols by the guard 
insertion component 326. 
0052. The output of the guard removal component 326' 
may be provided to an S/P converter 324'. The S/P converter 
324 may divide the OFDM/OFDMA symbol stream322' into 
the M parallel time-domain symbol streams 318', each of 
which corresponds to one of the Morthogonal subcarriers. A 
fast Fourier transform (FFT) component 320' may convert the 
M parallel time-domain symbol streams 318' into the fre 
quency domain and output M parallel frequency-domain 
symbol streams 316'. 
0053 A demapper 312 may perform the inverse of the 
symbol mapping operation that was performed by the mapper 
312 thereby outputting M parallel data streams 310'. A P/S 
converter 308 may combine the Mparallel data streams 310' 
into a single data stream 306'. Ideally, this data stream 306' 
corresponds to the data 306 that was provided as input to the 
transmitter 302. Note that elements 308, 310', 312", 316', 
320', 318' and 324" may all be found in a baseband processor 
340. 
0054) The wireless system 100 illustrated in FIG. 1 may 
represent the UWB system supporting the IEEE 802.15.3c 
standard. The IEEE 802.15.3c specification is intended to 
supporta millimeter wave-based PHY as an alternative for the 
existing 802.15.3 Wireless Personal Area Network (WPAN) 
Standard 802.15.3-2003. The millimeter-wave WPAN should 
operate in the new and clear band including 57-64 GHz unli 
censed band specified by the Federal Communications Com 
mission (FCC). 

Partitioning of Wideband Channels into Logical 
Channels 

0055. The IEEE 802.15.3c provides for four wideband 
channels, which allows four piconet networks (i.e., piconets) 
to operate concurrently. A cell 102 in a wireless system 100 
may be an example of a piconet, where a piconet controller 
(PNC) 104 may communicate with devices 106. FIG. 4 illus 
trates low, center, and high frequency for each of the four 
wideband channels specified in the IEEE 802.15.3c standard, 
and FIG. 5 illustrates particular frequency allocations of these 
wideband channels. Wideband channels can be utilized for 
data communications of a plurality of piconets. A wideband 
channel can be utilized for data communications within a 
specific piconet. On the other hand, it may be required to 
specify common mode channels for multi-mode operations 
within the piconet. 
0056 Certain aspects of the present disclosure provide for 
employing a plurality of logical channels within each wide 
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band channel. A logical channel may utilize the same wide 
band channel as defined in the IEEE 802.15.3c specification, 
but it may also utilize a narrowband channel (i.e., a low data 
rate (LDR) channel) for control and signaling. The logical 
channel may function as a common mode for a multi-mode 
operation. For example, a piconet controller (PNC) within a 
piconet can use the LDR logical channel for beaconing, asso 
ciation, and for assigning Channel Time Allocations (CTAS). 
Inside a CTA, multiple devices may communicate using a 
single-carrier mode, an OFDM mode, or any other mode. 
0057. Furthermore, during a Contention Access Period 
(CAP), the LDR may be used for request-to-send (RTS) and 
for clear-to-send (CTS) messaging between subscriber 
devices and the PNC. Two devices may communicate with 
each other within the CTA or within the CAP (e.g., after 
receiving a CTS message for the PNC in an 802.11-like 
mode) using a regular wideband channel and using beam 
forming or directional antennas for spatial reuse. 
0058 FIG. 6 illustrates example operations 600 for parti 
tioning a wideband channel into narrowband Sub-channels 
and for utilizing narrowband sub-channels. At 610, the wide 
band channel may be partitioned into multiple narrowband 
sub-channels. Following that, at 620, each narrowband sub 
channel may be dedicated to different PNC within a piconet. 
On the other hand, the wideband channel may be allocated for 
use by a plurality of piconets for exchanging data, at 630. At 
640, the wideband channel may be utilized for exchanging 
data by the plurality of piconets. One particular piconet may 
utilize, at 650, a single narrowband sub-channel encom 
passed by the wideband channel for the multi-mode operation 
that may also include control and signaling. 
0059. In one aspect of the present disclosure, up to a total 
of 12 logical channels may be employed across the four 
wideband channels illustrated in FIGS. 4-5. In another aspect 
of the present disclosure, up to a total of 20 logical channels 
may be employed across the four wideband channels. Alter 
native partitions of the physical channels may be employed 
without departing from the scope of the present disclosure. 
0060 FIG. 7 illustrates a frequency allocation of logical 
channels in the aspect that employs 20 logical channels. Each 
wideband channel with a bandwidth of 2160 MHZ may be 
divided into five logical channels, each having a separation of 
432 MHz. A central frequency of a logical channel is labeled 
in FIG. 7 as fo, a lowest frequency is labeled as f-D/2, and 
a highest frequency is labeled as fo-D/2, where D, is a band 
width of the logical channel and it is equal to 432 MHZ for all 
exemplary logical channels defined in FIG. 7. 
0061 Certain aspects of the present disclosure support a 
method for assigning one of the four IEEE 802.15.3c wide 
band channels having a channel separation of 2160 MHz to 
one particular PNC managing a piconet. Each PNC from a 
plurality of PNCs may be assigned to one logical narrowband 
channel from a plurality of logical channels within one wide 
band channel. In the aspect that employs up to 20 logical 
channels and four wideband channels, a channel separation 
between logical channels may be 432 MHz. In this particular 
case, 3 dB (unit of decibel) bandwidth of the narrowband 
channel may be approximately 216 MHz, where 3 dB band 
width is defined as a range of frequencies where a signal 
power is equal or greater than one half of its maximum value. 
0062 FIG. 8 illustrates an example of frequency alloca 
tion for three narrowband channels 812, 814, and 816 within 
one wideband channel 810 from the plurality of wideband 
channels illustrated in FIG. 5. This particular frequency allo 
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cation may allow three different PNCs (i.e., PNC1, PNC2, 
and PNC3, as illustrated in FIG. 8) to share the same wide 
band channel and may provide each narrowband channel with 
the 3 dB bandwidth of 216 MHz in order to facilitate filtering 
operation. 
0063 A PNC in a piconet may employ the LDR channel 
for beaconing and Media Access Control (MAC) command 
frames including an association procedure. A Subscriber 
device within the piconet may employ the LDR channel for 
association, requesting a CTA period, and all signaling with 
the PNC. A wideband channel may be used within each CTA 
period for data transmission between two devices or between 
the PNC and at least one device. Acknowledgements (i.e., 
ACK signals) may be sent using the wideband channel or the 
LDR channel. For certain aspects of the present disclosure, a 
beam forming may be utilized to allow multiple PNCs to 
employ the same wideband channel via spatial reuse. PNCs 
using the same wideband channel may employ different 
LDRs inside the wideband channel in order to avoid interfer 
ing with each other. 

Format of Low Data Rate Frame 

0.064 FIG. 9A illustrates a frame format of a Low Data 
Rate (LDR) channel. The LDR frame may comprise a pre 
amble 910, a header 920 and signaling data 930. The trans 
mission order of LDR frame components may involve trans 
mitting the preamble sequence first, followed by the header, 
and then the signaling data. 
0065. The preamble 910 may comprise a Channel Estima 
tion Sequence (CES) 916, a Start Frame Delimiter (SFD) 
sequence 914, and a SYNC (i.e., Synchronization) sequence 
912. The transmission order of preamble components may 
involve transmitting the SYNC first, followed by the SFD, 
and then the CES. The CES 916 may be used for channel 
estimation and for fine frequency estimation. The SFD 914 
may be used to indicate an end of the SYNC field 912 and a 
start of the CES field 916. The SYNC field 912 may be used 
for Automatic Gain Control (AGC), DC-offset removal, 
packet detection, coarse frequency estimation, antenna 
Switching, direction finding, fine frequency estimation and 
channel estimation. 

0066 FIG.9B illustrates a preamble format within the 
LDR frame 902 illustrated in FIG.9A. A sequences with a 
predetermined length may be chosen Such that to permit 
coherent matched filtering at the receiver with 25 ppm (parts 
per million units) frequency drift on a transmitter side and 
with 25 ppm frequency drift on a receiver side. 
0067 

S=1-1-1 + 1 +1 –1 + 1 +1 –1 -1-1-1 +1-1+1-1 
+1+1+1+1). (1) 

An exemplary sequence S may be given as: 

A periodic auto-correlation function of the sequence S from 
equation (1) may have a periodic side-lobe-level of -1, which 
is illustrated in FIG. 10. 

0068. In one aspect of the present disclosure, the sequence 
s may be further spread with a cover code that may be detected 
either coherently or differentially. For example, the following 
cover code may be utilized: 

c=1-1-1 +1 –1 +1+1+1). (2) 
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0069. In this particular case, the SYNC field 912 illus 
trated in FIG. 9B may comprise a repetition of the super 
sequences -ss-ss ss of length 197=133 samples. The 
sequence c may be selected Such that to provide a quasi 
perfect (i.e., almost-Zero side-lobe level) periodic auto-cor 
relation function when detected either coherently or differen 
tially. 
0070. In one aspect of the present disclosure, the SFD 
sequence 914 may be provided in order to be accurately 
detected either coherently or differentially. For example, a 
length-9 SFD sequence that satisfies these two conditions 
may be the sequence -1 -1 - 1 +1-1+1-1-1 + 1 spread by 
the sequences from equation (1). 
0071 FIG. 11 illustrates and compares correlations for a 
coherently detected SFD and a differentially detected SFD. It 
can be observed a low level of side-lobes in both cases. For 
certain aspects of the present disclosure, differential detection 
may be performed with a matched filter to one of the follow 
ing three possibilities: SFD(2:9).xconjSFD(1:8) or SFD.x 
conjSYNC(end) SFD(1:8) or SFD CES(1)|x|SYNC(end) 
SFD). Therefore, in the first case, the following inner-product 
may be performed: SFD(2)-conj{SFD(1)}+SFD(3) 
"conj{SFD(2)}1+...+SFD(9) conj{SFD(8). In the second 
case, the following inner-product may be performed: SFD(1) 
"conj{SYNC(end)}+SFD(2)-conj{SFD(1)} + . . . +SFD(9) 
"conj{SFD(8). In the third case, the following inner-product 
may be performed: SFD(1)-conj{SYNC(end)}+SFD(2) 
"conj{SFD(1)} + +SFD(8) conj{SFD(7)}+CES(1) 
"conj{SFD(8)}. 
0072. In one aspect of the present disclosure, the header 
920 and signaling data 930 illustrated in FIGS.9A-9B may be 
spread by the Barker code c of length 11 given as: 

c=1-1+1-1-1 +1 –1 -1 -1 +1+1+1). (3) 

0073 For certain aspects of the present disclosure, the 
header and signaling data may be encoded with a block code, 
such as a Low Density Parity Check (LDPC) code, a concat 
enated Hamming code (12.8) with a Reed-Solomon code, or 
a concatenated block code (16.8) with a Reed-Solomon code. 
In one aspect of the present disclosure, the following system 
atic Hamming code (12.8) generator matrix may be 
employed: 

1 O O O O O O 0 1 0 0 1 (4) 

O 1 O O O O O 0 1 0 1 1 

0 0 1 0 O O O O 0 1 1 1 

O O O 1 O O O O 0 1 0 1 

0 0 o 0 1 00 0 1 0 1 0. 
O O O O 0 1 0 0 1 1 0 1 

O O O O O O 1 0 0 1 1 O 

O O O O O O O 1 1 1 0 O 



US 2010/0054199 A1 

In another aspect of the present disclosure, the following 
systematic block code (16.8) generator matrix may be 
employed: 

1 O O O O O O O 0 1 1 0 1 0 1 0 (5) 

O 1 O O O O O O O 0 1 1 0 1 0 1 

0 0 1 0 O O O 0 1 0 0 1 1 0 1 0 

O O O 1 O O O O 0 1 0 0 1 1 0 1 

G = () () () () 1 () () () 1 0 1 0 0 1 1 0 
O O O O 0 1 0 O 0 1 0 1 0 0 1 1 

O O O O O O 1 0 1 0 1 0 1 0 0 1 

O O O O O O O 1 1 1 0 1 0 1 0 O 

0074. It should be appreciated that aspects of the present 
disclosure may employ various modulation schemes, includ 
ing, but not limited to, differential phase shift key modulation 
and Gaussian minimum shift key modulation. 
0075. The various operations of methods described above 
may be performed by any Suitable means capable of perform 
ing the corresponding functions. The means may include 
various hardware and/or Software component(s) and/or mod 
ule(s), including, but not limited to a circuit, an application 
specific integrate circuit (ASIC), or processor. Generally, 
where there are operations illustrated in Figures, those opera 
tions may have corresponding counterpart means-plus-func 
tion components with similar numbering. For example, 
blocks 610-650 illustrated in FIG. 6 correspond to circuit 
blocks 610A-650A illustrated in FIG. 6A. 
0076. As used herein, the term “determining encom 
passes a wide variety of actions. For example, “determining 
may include calculating, computing, processing, deriving, 
investigating, looking up (e.g., looking up in a table, a data 
base or another data structure), ascertaining and the like. 
Also, “determining may include receiving (e.g., receiving 
information), accessing (e.g., accessing data in a memory) 
and the like. Also, “determining may include resolving, 
selecting, choosing, establishing and the like. 
0077. The various operations of methods described above 
may be performed by any Suitable means capable of perform 
ing the operations, such as various hardware and/or software 
component(s), circuits, and/or module(s). Generally, any 
operations illustrated in the Figures may be performed by 
corresponding functional means capable of performing the 
operations. 
0078. The various illustrative logical blocks, modules and 
circuits described in connection with the present disclosure 
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 signal (FPGA) or other programmable logic device 
(PLD), discrete gate or transistor 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 commercially available processor, controller, 
microcontroller or state machine. A processor may also be 
implemented as a combination of computing devices, e.g., a 
combination of a DSP and a microprocessor, a plurality of 
microprocessors, one or more microprocessors in conjunc 
tion with a DSP core, or any other such configuration. 
007.9 The steps of a method or algorithm described in 
connection with the present disclosure may be embodied 
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directly in hardware, in a software module executed by a 
processor, or in a combination of the two. A Software module 
may reside in any form of storage medium that is known in the 
art. Some examples of storage media that may be used include 
random access memory (RAM), read only memory (ROM), 
flash memory, EPROM memory, EEPROM memory, regis 
ters, a hard disk, a removable disk, a CD-ROM and so forth. 
A Software module may comprise a single instruction, or 
many instructions, and may be distributed over several dif 
ferent code segments, among different programs, and across 
multiple storage media. A storage medium may be coupled to 
a processor Such that the processor can read information 
from, and write information to, the storage medium. In the 
alternative, the storage medium may be integral to the pro 
CSSO. 

0080. The methods disclosed herein comprise one or more 
steps or actions for achieving the described method. The 
method steps and/or actions may be interchanged with one 
another without departing from the scope of the claims. In 
other words, unless a specific order of steps or actions is 
specified, the order and/or use of specific steps and/or actions 
may be modified without departing from the scope of the 
claims. 
I0081. The functions described may be implemented in 
hardware, software, firmware or any combination thereof If 
implemented in Software, the functions may be stored as one 
or more instructions on a computer-readable medium. A Stor 
age media may be any available media that can be accessed by 
a computer. By way of example, and not limitation, such 
computer-readable media can comprise RAM, ROM, 
EEPROM, CD-ROM or other optical disk storage, magnetic 
disk storage or other magnetic storage devices, or any other 
medium that can be used to carry or store desired program 
code in the form of instructions or data structures and that can 
be accessed by a computer. Disk and disc, as used herein, 
include compact disc (CD), laser disc, optical disc, digital 
versatile disc (DVD), floppy disk, and Blu-ray(R) disc where 
disks usually reproduce data magnetically, while discs repro 
duce data optically with lasers. 
0082 Thus, certain aspects may comprise a computer pro 
gram product for performing the operations presented herein. 
For example, such a computer program product may com 
prise a computer readable medium having instructions stored 
(and/or encoded) thereon, the instructions being executable 
by one or more processors to perform the operations 
described herein. For certain aspects, the computer program 
product may include packaging material. 
I0083 Software or instructions may also be transmitted 
over a transmission medium. For example, if the software is 
transmitted from a website, server, or other remote source 
using a coaxial cable, fiber optic cable, twisted pair, digital 
subscriber line (DSL), or wireless technologies such as infra 
red, radio, and microwave, then the coaxial cable, fiber optic 
cable, twisted pair, DSL, or wireless technologies such as 
infrared, radio, and microwave are included in the definition 
of transmission medium. 

I0084. Further, it should be appreciated that modules and/ 
or other appropriate means for performing the methods and 
techniques described herein can be downloaded and/or oth 
erwise obtained by a user terminal and/or base station as 
applicable. For example, such a device can be coupled to a 
server to facilitate the transfer of means for performing the 
methods described herein. Alternatively, various methods 
described herein can be provided via storage means (e.g., 
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RAM, ROM, a physical storage medium Such as a compact 
disc (CD) or floppy disk, etc.). Such that a user terminal and/or 
base station can obtain the various methods upon coupling or 
providing the storage means to the device. Moreover, any 
other suitable technique for providing the methods and tech 
niques described herein to a device can be utilized. 
0085. It is to be understood that the claims are not limited 
to the precise configuration and components illustrated 
above. Various modifications, changes and variations may be 
made in the arrangement, operation and details of the meth 
ods and apparatus described above without departing from 
the scope of the claims. 
I0086. The techniques provided herein may be utilized in a 
variety of applications. For certain aspects, the techniques 
presented herein may be incorporated in an access point, an 
access terminal, a personal digital assistant (PDA), a mobile 
handset, or other type of wireless device with processing 
logic and elements to perform the techniques provided herein. 

1. A method for wireless communications, comprising: 
utilizing a wideband channel for communicating data 

within a first piconet, wherein the wideband channel is 
allocated for use by a plurality of piconets comprising 
the first piconet; and 

utilizing a narrowband Sub-channel encompassed by the 
wideband channel for communicating control informa 
tion, wherein the narrowband sub-channel is dedicated 
for communicating control information in the first pico 
net. 

2. The method of claim 1, wherein each narrowband Sub 
channel from a plurality of narrowband Sub-channels encom 
passed by the wideband channel is dedicated for use by a 
unique piconet. 

3. The method of claim 1, wherein: 
the narrowband sub-channel encompassed by the wide 
band channel comprises a logical channel; and 

utilizing the narrowband Sub-channel comprises utilizing 
the logical channel by a piconet controller (PNC) in the 
first piconet for beaconing, association, channel time 
allocations (CTAS) and communicating Media Access 
Control (MAC) command messages 

4. The method of claim 1, wherein: 
the narrowband sub-channel encompassed by the wide 
band channel comprises a logical channel; and 

utilizing the narrowband Sub-channel comprises utilizing 
the logical channel by a device in the first piconet for 
association, requesting a channel time allocation (CTA) 
period and signaling with a piconet controller (PNC) in 
the first piconet. 

5. The method of claim 4, wherein utilizing the logical 
channel by the device comprises communicating with 
another device in the first piconet inside the CTA period using 
a single-carrier mode. 

6. The method of claim 4, wherein utilizing the logical 
channel by the device comprises communicating with 
another device in the first piconet inside the CTA period using 
an Orthogonal Frequency Division Multiplexing (OFDM) 
mode. 

7. The method of claim 1, wherein 
the narrowband sub-channel encompassed by the wide 
band channel comprises a logical channel; and 

utilizing the narrowband Sub-channel comprises transmit 
ting a frame over the logical channel, the frame com 
prising a preamble sequence, a header and signaling 
data. 
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8. The method of claim 7, wherein the preamble sequence 
comprises a channel estimation sequence (CES), a start frame 
delimiter (SFD), and a synchronization (SYNC) sequence. 

9. The method of claim 8, wherein the SFD sequence and 
the SYNC sequence are spread by spreading codes. 

10. The method of claim 7, wherein the header and the 
signaling data are spread by a spreading code. 

11. The method of claim 7, wherein the header and the 
signaling data are encoded using a block code. 

12. The method of claim 1, wherein: 
the wideband channel has a bandwidth of approximately 

2160 MHz and comprises five narrowband sub-chan 
nels; and 

each narrowband Sub-channel has a separation within the 
wideband channel of approximately 432 MHz. 

13. The method of claim 1, wherein: 
the wideband channel has a bandwidth of approximately 

2160 MHz and comprises three narrowband sub-chan 
nels; and 

each narrowband sub-channel has a 3 dB bandwidth of 
approximately 216 MHz. 

14. An apparatus for wireless communications, compris 
1ng: 

a circuit configured to utilize a wideband channel for com 
municating data within a first piconet, wherein the wide 
band channel is allocated for use by a plurality of pico 
nets comprising the first piconet; and 

a circuit configured to utilize a narrowband Sub-channel 
encompassed by the wideband channel for communicat 
ing control information, wherein the narrowband Sub 
channel is dedicated for communicating control infor 
mation in the first piconet. 

15. The apparatus of claim 14, wherein each narrowband 
sub-channel from a plurality of narrowband sub-channels 
encompassed by the wideband channel is dedicated for use by 
a unique piconet. 

16. The apparatus of claim 14, wherein: 
the narrowband sub-channel encompassed by the wide 

band channel comprises a logical channel; and 
the circuit configured to utilize the narrowband sub-chan 

nel comprises a circuit configured to utilize the logical 
channel by a piconet controller (PNC) in the first piconet 
for beaconing, association, channel time allocations 
(CTAS) and communicating Media Access Control 
(MAC) command messages 

17. The apparatus of claim 14, wherein: 
the narrowband sub-channel encompassed by the wide 

band channel comprises a logical channel; and 
the circuit configured to utilize the narrowband sub-chan 

nel comprises a circuit configured to utilize the logical 
channel by a device in the first piconet for association, 
requesting a channel time allocation (CTA) period and 
signaling with a piconet controller (PNC) in the first 
piconet. 

18. The apparatus of claim 17, wherein the circuit config 
ured to utilize the logical channel by the device comprises a 
circuit configured to communicate with another device in the 
first piconet inside the CTA period using a single-carrier 
mode. 

19. The apparatus of claim 17, wherein the circuit config 
ured to utilize the logical channel by the device comprises a 
circuit configured to communicate with another device in the 
first piconet inside the CTA period using an Orthogonal Fre 
quency Division Multiplexing (OFDM) mode. 
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20. The apparatus of claim 14, wherein 
the narrowband sub-channel encompassed by the wide 
band channel comprises a logical channel; and 

a circuit configured to utilize the narrowband Sub-channel 
comprises a transmitter configured to transmit a frame 
over the logical channel, the frame comprising a pre 
amble sequence, a header and signaling data. 

21. The apparatus of claim 20, wherein the preamble 
sequence comprises a channel estimation sequence (CES), a 
start frame delimiter (SFD), and a synchronization (SYNC) 
Sequence. 

22. The apparatus of claim 21, wherein the SFD sequence 
and the SYNC sequence are spread by spreading codes. 

23. The apparatus of claim 20, wherein the header and the 
signaling data are spread by a spreading code. 

24. The apparatus of claim 20, wherein the header and the 
signaling data are encoded using a block code. 

25. The apparatus of claim 14, wherein: 
the wideband channel has a bandwidth of approximately 
2160 MHz and comprises five narrowband sub-chan 
nels; and 

each narrowband Sub-channel has a separation within the 
wideband channel of approximately 432 MHz. 

26. The apparatus of claim 14, wherein: 
the wideband channel has a bandwidth of approximately 
2160 MHz and comprises three narrowband sub-chan 
nels; and 

each narrowband sub-channel has a 3 dB bandwidth of 
approximately 216 MHz. 

27. An apparatus for wireless communications, compris 
1ng: 
means for utilizing a wideband channel for communicating 

data within a first piconet, wherein the wideband chan 
nel is allocated for use by a plurality of piconets com 
prising the first piconet; and 

means for utilizing a narrowband Sub-channel encom 
passed by the wideband channel for communicating 
control information, wherein the narrowband sub-chan 
nel is dedicated for communicating control information 
in the first piconet. 

28. The apparatus of claim 27, wherein each narrowband 
sub-channel from a plurality of narrowband sub-channels 
encompassed by the wideband channel is dedicated for use by 
a unique piconet. 

29. The apparatus of claim 27, wherein: 
the narrowband sub-channel encompassed by the wide 
band channel comprises a logical channel; and 

the means for utilizing the narrowband Sub-channel com 
prises means for utilizing the logical channel by a pico 
net controller (PNC) in the first piconet for beaconing, 
association, channel time allocations (CTAS) and com 
municating Media Access Control (MAC) command 
messages 

30. The apparatus of claim 27, wherein: 
the narrowband sub-channel encompassed by the wide 
band channel comprises a logical channel; and 

the means for utilizing the narrowband Sub-channel com 
prises means for utilizing the logical channel by a device 
in the first piconet for association, requesting a channel 
time allocation (CTA) period and signaling with a pico 
net controller (PNC) in the first piconet. 

31. The apparatus of claim 30, wherein the means for 
utilizing the logical channel by the device comprises means 
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for communicating with another device in the first piconet 
inside the CTA period using a single-carrier mode. 

32. The apparatus of claim 30, wherein the means for 
utilizing the logical channel by the device comprises means 
for communicating with another device in the first piconet 
inside the CTA period using an Orthogonal Frequency Divi 
sion Multiplexing (OFDM) mode. 

33. The apparatus of claim 27, wherein 
the narrowband sub-channel encompassed by the wide 

band channel comprises a logical channel; and 
the means for utilizing the narrowband Sub-channel com 

prises means for transmitting a frame over the logical 
channel, the frame comprising a preamble sequence, a 
header and signaling data. 

34. The apparatus of claim 33, wherein the preamble 
sequence comprises a channel estimation sequence (CES), a 
start frame delimiter (SFD), and a synchronization (SYNC) 
Sequence. 

35. The apparatus of claim 34, wherein the SFD sequence 
and the SYNC sequence are spread by spreading codes. 

36. The apparatus of claim 33, wherein the header and the 
signaling data are spread by a spreading code. 

37. The apparatus of claim 33, wherein the header and the 
signaling data are encoded using a block code. 

38. The apparatus of claim 27, wherein: 
the wideband channel has a bandwidth of approximately 

2160 MHZ and comprises five narrowband sub-chan 
nels; and 

each narrowband Sub-channel has a separation within the 
wideband channel of approximately 432 MHz. 

39. The apparatus of claim 27, wherein: 
the wideband channel has a bandwidth of approximately 

2160 MHz and comprises three narrowband sub-chan 
nels; and 

each narrowband sub-channel has a 3 dB bandwidth of 
approximately 216 MHz. 

40. A computer-program product for wireless communica 
tions, comprising a computer-readable medium encoded with 
instructions executable to: 

utilize a wideband channel for communicating data within 
a first piconet, wherein the wideband channel is allo 
cated for use by a plurality of piconets comprising the 
first piconet; and 

utilize a narrowband Sub-channel encompassed by the 
wideband channel for communicating control informa 
tion, wherein the narrowband sub-channel is dedicated 
for communicating control information in the first pico 
net. 

41. An access point, comprising: 
at least one antenna; 
a transmitter configured to utilize a wideband channel for 

transmitting data via the at least one antenna within a 
first piconet, wherein the wideband channel is allocated 
for use by a plurality of piconets comprising the first 
piconet; and 

a circuit configured to utilize a narrowband Sub-channel 
encompassed by the wideband channel for transmitting 
control information via the at least one antenna, wherein 
the narrowband Sub-channel is dedicated for communi 
cating control information in the first piconet. 
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42. An access terminal, comprising: a circuit configured to utilize a narrowband Sub-channel 
at least one antenna; encompassed by the wideband channel for receiving 
a receiver configured to utilize a wideband channel for control information via the at least one antenna, wherein 

receiving data via the at least one antenna within a first the narrowband Sub-channel is dedicated for communi 
piconet, wherein the wideband channel is allocated for cating control information in the first piconet. 
use by a plurality of piconets comprising the first pico 
net; and ck 


