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(57) ABSTRACT 

A method and system for partitioning frames into Sub 
frames, where the frames may be defined according to a 
reference system standard, and transmitting one or more 
Sub-frames during a pre-designated downlink transmission, 
and transmitting one or more Sub-frames during a pre 
designated uplink transmission. A method and system for 
partitioning frames into Sub-frames, transmitting one or 
more Sub-frames including a legacy preamble for commu 
nicating with a legacy terminal operating according to a 
reference system standard during a pre-designated legacy 
transmission period, and transmitting Sub-frames including 
a Supplemental preamble for communicating with a non 
legacy terminal operating according to the evolved version 
of the reference system standard during a pre-designated 
non-legacy transmission period. A method and system for 
partitioning each of two or more frames into two or more 
Sub-frames and transmitting the Sub-frames for a non-relay 
transmission including transmitting a (DL:BS->MS/RS) 
Sub-frame during a pre-designated downlink transmission 
and a (UL:MS/RS->BS) sub-frame during a pre-designated 
uplink transmission, and transmitting Sub-frames for a relay 
transmission including transmitting a (DL:RS->MS) sub 
frame during a pre-designated downlink transmission and a 
(UL:MS->RS) sub-frame during a pre-designated uplink 
transmission. 
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DEVICE, SYSTEM, AND METHOD FOR 
PARTITIONING AND FRAMING 

COMMUNICATION SIGNALS IN BROADBAND 
WIRELESS ACCESS NETWORKS 

PRIORAPPLICATION DATA 

0001. The present application claims priority from U.S. 
provisional application No. 60/852,891, filed on Oct. 17. 
2006, which is incorporated by reference in its entirety. 

BACKGROUND OF THE INVENTION 

0002. Due to increasing demand for broadband commu 
nications, high speed telecommunication services such as 
wireless mediums, which may be relatively inexpensive as 
compared to existing cable and land line technologies, may 
be provided to subscribers. Accordingly, it may be desirable 
to improve efficiency and/or capacity of broadband wireless 
communication systems. 

BRIEF DESCRIPTION OF THE DRAWING 

0003. The subject matter regarded as the invention is 
particularly pointed out and distinctly claimed in the con 
cluding portion of the specification. The invention, however, 
both as to organization and method of operation, together 
with objects, features and advantages thereof, may best be 
understood by reference to the following detailed descrip 
tion when read with the accompanied drawings in which: 

0004 FIG. 1 is a schematic illustration of a wireless 
network according to an embodiment of the present inven 
tion; 

0005 FIG. 2 is a schematic illustration of an apparatus 
for use in a wireless network according to an embodiment of 
the present invention; 

0006 FIG. 3 is a schematic illustration of a frame struc 
ture according to an embodiment of the present invention; 

0007 FIG. 4 is a schematic illustration of a super-frame 
structure according to an embodiment of the present inven 
tion; 

0008 FIG. 5 is a schematic illustration of a super-frame 
structure according to an embodiment of the present inven 
tion; 

0009 FIGS. 6, 6A, and 6B are schematic illustrations of 
Super-frame structures according to an embodiment of the 
present invention; 

0010 FIG. 7 is a schematic illustration of a super-frame 
structure having a Supplemental preamble multiplexed with 
a legacy preamble according to an embodiment of the 
present invention; 

0011 FIG. 8 is a schematic illustration of a super-frame 
structure having a Supplemental preamble multiplexed with 
a legacy preamble, where the legacy preamble may be 
obscured from legacy terminals, according to an embodi 
ment of the present invention; 

0012 FIG. 9 is a schematic illustration of a frame struc 
ture partitioned in the time and/or frequency domain accord 
ing to an embodiment of the present invention; 
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0013 FIG. 10 is a schematic illustration of a frame 
structure in FDD duplex mode according to an embodiment 
of the present invention; 
0014 FIGS. 11-14 are schematic illustrations of super 
frames and their respective frames, each having Substan 
tially different cyclic prefix and duplex modes, according to 
embodiments of the present invention; 
0.015 FIGS. 15-18 are schematic illustrations of fast 
feedback mechanisms according to embodiments of the 
present invention; 
0016 FIGS. 19-23 are schematic illustrations of frame 
structures adapted for coexisting with other wireless systems 
according to embodiments of the present invention; 
0017 FIG. 24 is a flow chart of a method according to an 
embodiment of the present invention; 
0018 FIG. 25 is a schematic illustration of a frame 
structure for non-transparent relay operation with two-hops 
and multi-hops according to an embodiment of the present 
invention; and 
0019 FIG. 26 is a schematic illustration of a super-frame 
structure communicating in a wireless network in TDD 
duplex mode having regular and irregular Sub-frames 
according to an embodiment of the present invention. 
0020. It will be appreciated that for simplicity and clarity 
of illustration, elements shown in the drawings have not 
necessarily been drawn accurately or to scale. For example, 
the dimensions of some of the elements may be exaggerated 
relative to other elements for clarity or several physical 
components included in one functional block or element. 
Further, where considered appropriate, reference numerals 
may be repeated among the drawings to indicate correspond 
ing or analogous elements. Moreover, some of the blocks 
depicted in the drawings may be combined into a single 
function. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0021. In the following detailed description, numerous 
specific details are set forth in order to provide a thorough 
understanding of the invention. However it will be under 
stood by those skilled in the art that the present invention 
may be practiced without these specific details. In other 
instances, well-known methods, procedures, components 
and circuits have not been described in detail so as not to 
obscure the present invention. 
0022 Unless specifically stated otherwise, as apparent 
from the following discussions, it is appreciated that 
throughout the specification discussions utilizing terms such 
as “processing.”"computing.”"calculating.'"determining.” 
or the like, refer to the action and/or processes of a computer 
or computing system, or similar electronic computing 
device, that manipulate and/or transform data represented as 
physical. Such as electronic, quantities within the computing 
system's registers and/or memories into other data similarly 
represented as physical quantities within the computing 
system's memories, registers or other such information 
storage, transmission or display devices. In addition, the 
term “plurality” may be used throughout the specification to 
describe two or more components, devices, elements, 
parameters and the like. 

ZyXEL Communications Corporation Ex. 1018 
Page 28 of 40



US 2008/0095.195 A1 

0023. While the following detailed description may 
describe various embodiments of the present invention in 
relation to wireless networks utilizing orthogonal frequency 
division multiplexing (OFDM) modulation, the embodi 
ments of present invention are not limited thereto and, for 
example, may be implemented using other modulation and/ 
or coding schemes where suitably applicable. Further, while 
example embodiments are described herein in relation to 
wireless metropolitan area networks (WMANs), the inven 
tion is not limited thereto and can be applied to other types 
of wireless networks where similar advantages may be 
obtained. Such networks specifically include, but are not 
limited to, wireless local area networks (WLANs), wireless 
personal area networks (WPANs), and/or wireless wide area 
networks (WWANs). 
0024. The following inventive embodiments may be used 
in a variety of applications including transmitters and receiv 
ers of a radio system, although the present invention is not 
limited in this respect. Radio systems specifically included 
within the scope of the present invention include, but are not 
limited to, network interface cards (NICs), network adap 
tors, mobile stations, base stations, access points (APs), 
gateways, bridges, hubs and cellular radiotelephones. Fur 
ther, the radio systems within the scope of the invention may 
include cellular radiotelephone systems, satellite systems, 
personal communication systems (PCS), two-way radio 
systems, two-way pagers, personal computers (PCs) and 
related peripherals, personal digital assistants (PDAs), per 
Sonal computing accessories and all existing and future 
arising systems which may be related in nature and to which 
the principles of the inventive embodiments could be suit 
ably applied. 

0.025 Reference is made to FIG. 1, which schematically 
illustrates a wireless network 100 according to an embodi 
ment of the present invention. Wireless network 100 may 
include provider network (PN) 120, a base station (BS) 118, 
and one or more subscriber or other stations 110, 112, 114, 
and/or 116, which may be for example mobile or fixed 
subscriber stations. In some embodiments, base station 118, 
for example, in WLANs, may be referred to as an access 
point (AP), terminal, and/or node, and Subscriber stations 
110, 112, 114, and/or 116 may be referred to as a station 
(STA), terminal, and/or node. However, the terms base 
station and Subscriber station are used merely as an example 
throughout this specification and their denotation in this 
respect is in no way intended to limit the inventive embodi 
ments to any particular type of network or protocols. 
0026 Wireless network 100 may facilitate wireless 
access between each of subscriber stations 110, 112, 114, 
and/or 116 and PN 120. For example, wireless network 100 
may be configured to use one or more protocols specified in 
by the Institute of Electrical and Electronics Engineers 
(IEEE) 802.11TM standards (“IEEE Standard for Wireless 
LAN Medium Access Control (MAC) and Physical Layer 
(PHY) Specification. 1999 Edition', reaffirmed Jun. 12, 
2003), such as IEEE 802.11aTM-1999; IEEE 802.11bTM 
1999/Cor1-2001; IEEE 802.11gTM-2003; and/or IEEE 
802.11nTM, in the IEEE 802.16TM standards (“IEEE Stan 
dard for Local and Metropolitan Area Networks—Part 16: 
Air Interface for Fixed Broadband Wireless Access System’, 
Oct. 1, 2004), such as IEEE 802.16-2004/Cor1-2005 or 
IEEE 802.16e-2005, which may herein be referred to as the 
“IEEE 802.16e-2005” or “WiMAX standards, and/or in the 
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IEEE 802.15.1TM standards (“IEEE Standard for Local and 
Metropolitan Area Networks—Specific Requirements. Part 
15.1: Wireless Medium Access Control (MAC) and Physical 
Layer (PHY) Specifications for Wireless Personal Area 
Networks (WPANsTM), Jun. 14, 2005), although the inven 
tion is not limited in this respect and other standards may be 
used. In some embodiments, attributes, compatibility, and/or 
functionality of wireless network 100 and components 
thereof may be defined according to, for example, the IEEE 
802.16 standards (e.g., which may be referred to as a 
worldwide interoperability for microwave access 
(WiMAX)). Alternatively or in addition, wireless network 
100 may use devices and/or protocols that may be compat 
ible with a 3" Generation Partnership Project (3GPP) Long 
Term Evolution (LTE) cellular network or any protocols for 
WPANS or WWANS. 

0027 Embodiments of the invention may enable the next 
generation of mobile WiMAX systems (e.g., based on IEEE 
802.16m standard) to efficiently support substantially high 
mobility and low latency applications, such as, for example, 
Voice-over-Internet Protocol (VoIP), interactive gaming 
over the air-interface, and/or “multi-hop' relay operations, 
while enabling backward compatible operations and inte 
gration with reference standards (e.g., the legacy mobile 
WiMAX systems based on IEEE 802.16e-2005 standard). 

0028. In some embodiments, base station 118 may man 
age and/or control wireless communications among Sub 
scriber stations 110, 112, 114, and/or 116 and between 
subscriber stations 110, 112, 114, and/or 116 and provider 
network 120. Subscriber stations 110, 112, 114, and/or 116 
may, in turn, facilitate various service connections of other 
devices (not shown) to wireless network 100 via a private or 
public local area network (LAN), although the embodiments 
are not limited in this respect. 

0029 Reference is made to FIG. 2, which schematically 
illustrates an apparatus 130 for use in a wireless network 
according to an embodiment of the invention. For example, 
apparatus 130 may be a terminal, device, or node (e.g., one 
of subscriber stations 110, 112, 114, and/or 116, base station 
118, and/or provider network 120, described in FIG. 1) for 
communicating with other terminals, devices, or nodes, in a 
wireless network (e.g., wireless network 100, described in 
FIG. 1). Apparatus 130 may include a controller or process 
ing circuit 150 including logic (e.g., including hard circuitry, 
processor and Software, or a combination thereof) to deter 
mine the false frame detection rate and/or adjust the sensi 
tivity of frame detection as described in one or more 
embodiments of the invention. In some embodiments, appa 
ratus 130 may include a radio frequency (RF) interface 140 
and/or a medium access controller (MAC)/baseband proces 
Sor circuit 150. 

0030. In one embodiment, RF interface 140 may include 
a component or combination of components adapted for 
transmitting and/or receiving single carrier or multi-carrier 
modulated signals (e.g., including complementary code key 
ing (CCK) and/or orthogonal frequency division multiplex 
ing (OFDM) symbols) although the inventive embodiments 
are not limited to any specific over-the-air interface or 
modulation scheme. RF interface 140 may include, for 
example, a receiver 142, a transmitter 144 and/or a fre 
quency synthesizer 146. Interface 140 may include bias 
controls, a crystal oscillator and/or one or more antennas 148 
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and/or 149. In another embodiment, RF interface 140 may 
use external voltage-controlled oscillators (VCOs), surface 
acoustic wave filters, intermediate frequency (IF) filters 
and/or RF filters, as desired. Due to the variety of potential 
RF interface designs an expansive description thereof is 
omitted. 

0.031) Processing circuit 150 may communicate with RF 
interface 140 to process receive and/or transmit signals and 
may include, for example, an analog-to-digital converter 152 
for down converting received signals, a digital-to-analog 
converter 154 for up converting signals for transmission. 
Further, processor circuit 150 may include a baseband or 
physical layer (PHY) processing circuit 156 for PHY link 
layer processing of respective receive/transmit signals. Pro 
cessing circuit 150 may include, for example, a processing 
circuit 159 for medium access control (MAC)/data link layer 
processing. Processing circuit 150 may include a memory 
controller 158 for communicating with processing circuit 
159 and/or a base station management entity 160, for 
example, via interfaces 155. 
0032. In some embodiments of the present invention, 
PHY processing circuit 156 may include a frame construc 
tion and/or detection module, in combination with additional 
circuitry Such as a buffer memory, to construct and/or 
deconstruct Super-frames as in the embodiments previously 
described. Alternatively or in addition, MAC processing 
circuit 159 may share processing for certain of these func 
tions or perform these processes independent of PHY pro 
cessing circuit 156. In some embodiments, MAC and PHY 
processing may be integrated into a single circuit if desired. 
0033) Apparatus 130 may be, for example, a base station, 
an access point, a Subscriber station, a device, a terminal, a 
node, a hybrid coordinator, a wireless router, a NIC and/or 
network adaptor for computing devices, a mobile station or 
other device suitable to implement the inventive methods, 
protocols and/or architectures described herein. Accord 
ingly, functions and/or specific configurations of apparatus 
130 described herein, may be included or omitted in various 
embodiments of apparatus 130, as suitably desired. In some 
embodiments, apparatus 130 may be configured to be com 
patible with protocols and frequencies associated one or 
more of the IEEE 802.11, 802.15 and/or 802.16 standards 
for WLANs, WPANs and/or broadband wireless networks, 
cited herein, although the embodiments are not limited in 
this respect. 
0034 Embodiments of apparatus 130 may be imple 
mented using single input single output (SISO) architec 
tures. However, as shown in FIG. 2, certain implementations 
may include multiple antennas (e.g., antennas 148 and 149) 
for transmission and/or reception using adaptive antenna 
techniques for beam forming or spatial division multiple 
access (SDMA) and/or using multiple input multiple output 
(MIMO) communication techniques. 
0035. The components and features of station 130 may be 
implemented using any combination of discrete circuitry, 
application specific integrated circuits (ASICs), logic gates 
and/or single chip architectures. Further, the features of 
apparatus 130 may be implemented using microcontrollers, 
programmable logic arrays and/or microprocessors or any 
combination of the foregoing where Suitably appropriate. It 
is noted that hardware, firmware and/or software elements 
may be collectively or individually referred to herein as 
“logic” or “circuit.” 
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0036. It should be appreciated that the example apparatus 
130 shown in the block diagram of FIG.2 may represent one 
functionally descriptive example of many potential imple 
mentations. Accordingly, division, omission or inclusion of 
block functions depicted in the accompanying figures does 
not infer that the hardware components, circuits, software 
and/or elements for implementing these functions would be 
necessarily be divided, omitted, or included in embodiments 
of the present invention. 
0037 Reference is made to FIG. 3, which schematically 
illustrates a frame 300 structure according to an embodiment 
of the present invention. Frame 300 (e.g., a radio frame) may 
be a portion of a transmitted and/or received communication 
in, for example, wireless network 100. In some embodi 
ments, frame 300 may describe a periodically repeating 
segment structure of a larger communication signal or 
stream. In some embodiments, repeating frame 300 may 
include substantially different information, for example, 
during substantially each separate transmission. Frame 300 
may be defined and may include broadband wireless access 
technology according to, for example, the IEEE 802.16e 
2005 standard or mobile WiMAX profiles. According to the 
mobile WiMAX profiles, the duration of frame 300 or 
transmission time interval (TTI) may be, for example, 
approximately 5 ms. Other frame or radio frame sizes such 
as for example 2, 2.5, 4, 8, 10, 12, and 20 ms may be used 
as for example specified in the IEEE 802.16e-2005 standard 
specification. 

0038. In some embodiments, frame 300 may be trans 
mitted and/or received, for example, according to a time 
division duplex (TDD) mode or scheme. Other time and/or 
frequency schemes may be used (e.g., Such as a frequency 
division duplex (FDD) mode or scheme) according to 
embodiments of the invention. 

0.039 Frame 300 may include an integer number of 
OFDM symbols or other multiplexing symbols. The number 
of OFDM symbols per frame may be determined, for 
example, according to a choice of OFDM numerology (e.g., 
Sub-carrier spacing, cyclic prefix length, Sampling fre 
quency, etc.). In some embodiments, OFDM numerologies 
may be determined, set, or obtained, for example, depend 
ing, on a bandwidth and sampling frequency (e.g., or an 
over-sampling factor according to the mobile WiMAX pro 
files). In various embodiments, substantially different 
OFDM numerologies may be used, which may result in 
substantially different number of OFDM symbols in frame 
3OO. 

0040. In some embodiments, frame 300 may include idle 
symbols and/or idle time slots. In one embodiment, frame 
300 may include one or more switching periods 302 and/or 
304, for example, for changing between a pre-designated 
downlink (DL) transmission 306 and a pre-designated 
uplink (UL) transmission 308 when a TDD duplex mode or 
scheme is used. In other embodiments, for example, when an 
FDD duplex scheme is used, since DL transmissions 306 
and UL transmissions 308 may be sent substantially at the 
same or overlapping times (e.g., over different frequencies 
or network channels) frame 300 may include substantially 
few or no idle symbols, idle time slots, and/or Switching 
periods 302 and/or 304. 
0041. In some embodiments, the TTI or the duration of 
frame 300 may be, for example, approximately 5 ms. A 
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round trip time (RTT) (e.g., the time interval between two 
consecutive pre-designated DL transmissions 306 to a spe 
cific wireless node may be, for example, approximately 10 
ms. Wireless networks (e.g., wireless network 100) having 
rapidly changing channel conditions and/or Small coherence 
times (e.g., rapidly moving mobile stations or nodes, such as 
automobiles having vehicular speeds of for example, in the 
excess of approximately 120 kilometers per hour (km/h)) 
may use mechanisms for Supporting Substantially high 
mobility in varying channel conditions. Embodiments of the 
invention may support wireless network 100 having sub 
stantially small round trip times, for example, to enable 
Substantially fast-varying channel condition feedback 
between subscriber stations 110, 112, 114, and/or 116, such 
as a mobile station, and base station 118. Other time dura 
tions may be used. 
0042. The current IEEE 802.16e-2005 specification stan 
dard frame structure may include restrictions, such as Sub 
stantially long TTIs that are typically not suitable for Sup 
porting Substantially fast feedback and low access latency 
(e.g., less than 10 ms), which may be used by, for example, 
emerging radio access technologies. 

0.043 Embodiments of the present invention may include 
or use a modified version of the frame 300 structure for 
Supporting lower latency operations, while maintaining 
backward compatibility, for example, to the IEEE 802.16e 
2005 standard specification frame structure. Frame 300 
structure may be used, for example, in the next generation of 
mobile WiMAX systems and devices (e.g., including the 
IEEE 802.16m standard). In some embodiments, frame 300 
structure or portions thereof may be transparent to the legacy 
terminals (e.g., which operate according to mobile WiMAX 
profiles and IEEE 802.16e-2005 standard) and may be used 
only for communication between BSs, subscriber stations, 
and/or MSs that both operate based on the IEEE 802.16m 
standard. 

0044 According to embodiments of the invention, wire 
less network 100 and components thereof, which may com 
municate using the new frame structure (e.g., described 
according to FIGS. 3-23), may be backward compatible with 
a reference network, which may communicate using a 
conventional/reference frame structure (e.g., described 
according to the mobile WiMAX profiles and based on the 
IEEE 802.16e-2005 standard). In some embodiments, back 
ward compatibility may include for example, that a legacy 
terminal (e.g., which may communicate using conventional 
and/or reference frame structures) may operate in a wireless 
network with no significant impact on the performance and 
operation of the terminal relative to a conventional network. 
In some embodiments, a new (e.g., a non-legacy) terminal or 
Subscriber station using the new (e.g., a non-legacy) frame 
structure may operate in a conventional network with no 
significant impact on the performance and operation of the 
terminal relative to the wireless network. For example, the 
new terminal may be “backward compatible'. In some 
embodiments, wireless network 100 may support both 
legacy and new (e.g., a non-legacy) terminals, for example, 
at Substantially the same time (e.g., where time division 
multiplexing of the new and legacy frames overlap in the 
same frame). In some embodiments, wireless network 100 
may enable seamless communication, mobility, and handoff 
between legacy terminals and new terminals. When used 
herein, “new”, “evolved” or “updated,” and “next genera 
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tion” are merely relative to “old”, “legacy” or “current’, etc. 
For example, a “new” standard may be a standard that is in 
use as of the date of the filing of this application, and a 
“legacy” system may be one that is in use both prior to the 
date of filing this application and for some time after the 
filing of this application; a “new” system is one imple 
mented or developed after a “legacy system, typically 
including improvements and updates. “New”, “evolved’. 
“updated”, etc. systems are often backward compatible such 
that they are usable with “old”, “legacy” or prior systems or 
standards. 

0045 According to embodiments of the invention, the 
new frame structure may include new synchronization and 
broadcast channels to extend the capabilities of the IEEE 
802.16e-2005 standard by, for example, enhancing system 
acquisition and/or enhancing cell selection at low signal to 
interference+noise ratios (SINR). According to the IEEE 
802.16e-2005 standard a broadcast channel (e.g., and a DL 
channel descriptor and UL channel descriptor) are typically 
not located at a pre-defined location in a frame, the mobile 
stations have to decode the common control channel (e.g., 
MAP) for acquiring system configuration information. 

0046 According to an embodiment of the present inven 
tion, the new frame structure may include for example a 
Super-frame that includes an integer number of radio frames, 
which may include synchronization and/or broadcast infor 
mation and/or messages, such as, system configuration 
information, which may simplify wireless network 100 
operations and further reduce the overhead and acquisition 
latency of wireless network 100. 

0047 Reference is made to FIG. 4, which schematically 
illustrates a Super-frame 400 structure according to an 
embodiment of the present invention. In some embodiments, 
a transmission between terminals or nodes may include, for 
example, one or more super-frames 400. Super-frame 400 
may include or be partitioned into a fixed and/or pre 
determined number of frames 410. In other embodiments, 
the number of frames 410 in each of two or more of 
super-frames 400 may be different. The number of frames, 
M. 410 within a super-frame 400 (e.g., M. may be an integer, 
where M=2, 3, 4. . . ) may be a design parameter and may 
be specified in a standard specification and, for example, 
may be fixed for a particular profile and deployment. In 
some embodiments, the number of frames 410 within super 
frame 400 may be determined by one or more factors, 
including but not limited to, for example, target system 
acquisition time, a maximum permissible distance between 
two consecutive preambles (e.g., synchronization channels), 
the minimum number of preambles that may be averaged 
during system acquisition for the detection of the preamble, 
and/or a maximum permissible distance between two con 
secutive broadcast channels (e.g., system configuration 
information or paging channels). 
0048. In one embodiment, substantially each super-frame 
400 may be partitioned into or include two or more (e.g., 
four (4)) frames 410. Other numbers of partitions, divisions, 
or frames may be used. The length of each frame 410 may 
be for example approximately 5 ms, for example, for estab 
lishing backward compatibility with Systems compliant with 
IEEE 802.16e-2005 Standard. Other frame or radio frame 
lengths may be used. Each of frames 410 may be further 
partitioned or sub-divided into two or more (e.g., eight (8)) 
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sub-frames 420. Other numbers of divisions may be used. 
The length of sub-frame 420 may determine the TTI for 
terminals that may be compliant with the new standard and, 
for example, incorporate super-frame 400 and/or frame 410 
structures. The beginning and end of each of the TTIs may 
be substantially aligned or synchronized with, for example, 
a Sub-frame boundary. Each TTI may contain an integer 
number of Sub-frames (e.g. typically one or two Sub-frames). 
Each sub-frame 420 may be partitioned into or include a 
fixed number of OFDM symbols 430. In one embodiment, 
each sub-frame 420 may be partitioned into or include, for 
example, six (6) OFDM symbols, so that the number of 
OFDM symbols 430 within a sub-frame (e.g., the length of 
sub-frame 420) may be compatible to resource block sizes 
(e.g., Sub-channels) corresponding to various permutation 
schemes, for example, specified in the IEEE 802.16e-2005 
standard. 

0049 FIG. 26, which schematically illustrates a super 
frame 2600 structure communicating in a wireless network 
in TDD duplex mode having regular sub-frames 2632 and 
irregular Sub-frames 2634 according to an embodiment of 
the present invention. In some embodiments, regular Sub 
frames 2632 typically do not include idle OFDM symbol or 
idle times and irregular Sub-frames typically do not include 
one or more idle OFDM symbols 2670 or idle times. In TDD 
duplex mode, irregular sub-frames 2634 may be located 
substantially near switching points 2660 of frames 2610 of 
super-frame 2600. Regular sub-frames 2632 may be located 
in other location in frame 2610 (e.g., in TDD duplex mode). 
In FDD duplex mode, typically only regular sub-frames 
(e.g., and not irregular Sub-frames 2634) are used. In some 
embodiments, sub-carriers corresponding to the idle OFDM 
symbols 2670 typically are not used for data and/or pilot or 
reference signal allocations. 

0050. In other embodiments, there may be other or alter 
native numbers, lengths, sizes, and/or variations, of Super 
frames 400, frames 410, Sub-frames 420, and/or OFDM 
symbols 430. The numbers used herein are presented for 
demonstrative purposes only. In another embodiment, the 
length of frames 410 (e.g., approximately 5 ms) and the 
number of OFDM symbols 430 (e.g., six (6)), may be set for 
establishing backward compatibility with IEEE 802.16e 
2005 standard compliant systems, devices, and/or transmis 
S1O.S. 

0051 Permutation schemes, for example, defined accord 
ing to current standard specifications, may include a number, 
for example, from one to six, slots for transmitting signals 
and/or resource blocks. The boundary of physical a resource 
block may, for example, be aligned with a sub-frame bound 
ary. In some embodiments, each physical resource block 
may be substantially contained within a single Sub-frame 
420. In other embodiments, each physical resource block 
may be substantially contained within two consecutive Sub 
frames. 

0.052 It may be appreciated by those skilled in the art that 
embodiments of the invention, for example, including, 
super-frame 400 structures, may be applied using either of 
the TDD and FDD duplexing schemes or modes. In the FDD 
duplex mode, each of the DL and UL transmissions may be 
communicated, for example, concurrently, on respective 
frequencies or channels. In the TDD duplex mode, each of 
the DL and UL transmissions may be communicated, for 
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example, at Substantially non-overlapping intervals (e.g., 
according to time division multiplex (TDM) scheme) over 
substantially the same frequency or channel. In the TDD 
duplex mode of operation and within any frame 410, Sub 
frames 420 may be configured to DL and UL transmissions 
(e.g., DL transmission 306 and UL transmission 308) for 
example statically in each deployment. The DL and UL 
transmissions may be separated by idle times and/or idle 
symbols for switching between DL and UL transmissions 
(e.g., during switching periods 302 and/or 304). 

0053. In one embodiment of the invention, “legacy 
Zones' and “new Zones' may include periods, portions or 
Zones, for example, of DL or UL transmission, specifically 
designed to Substantially only communicate with legacy 
terminals or new terminals, respectively. In the TDD duplex 
mode of the IEEE-802.16-2005 standard, each of DL trans 
mission 306 and UL transmission 308 may be further 
partitioned into two or more permutation Zones. In some 
embodiments, the number of contiguous OFDM or other 
symbols 430 in a frame 410, may be referred to as, for 
example, a permutation Zone (e.g., permutation Zone 310, 
described in reference to FIG. 3). The permutation Zone 
may, for example, include a number of contiguous OFDM 
symbols (e.g., in DL and UL transmissions 306 and 308, 
described in reference to FIG. 3) that use substantially the 
same permutation (e.g., partially used Sub-channel (PUSC) 
to distributed allocation of sub-carriers, Adaptive Modula 
tion and Coding (AMC) for localized allocation of sub 
carriers, etc.). 
0054 According to an embodiment of the invention, a 
frame may include or may be partitioned into legacy Zones 
and new Zones (other terms may be used). In one embodi 
ment, legacy terminals and new terminals may communicate 
using legacy Zones and new Zones, respectively. In some 
embodiments, new terminals may communicate using both 
legacy Zones and new Zones. Legacy terminals typically 
only communicate using legacy Zones. In one embodiment, 
in the frame, each of DL transmissions may be further 
partitioned into two or more Zones, for example, including 
a DL transmission legacy Zones and a DL transmission new 
(e.g., non-legacy) Zones and each of UL transmissions may 
be further partitioned into two or more Zones, for example, 
including UL transmission legacy Zones and UL transmis 
Sion new (e.g., non-legacy) Zones. 

0.055 Reference is made to FIG. 25, which schematically 
illustrates a frame structure for a non-transparent relay 
operation with two-hops 2510 and multi-hops 2520 accord 
ing to an embodiment of the present invention. 
0056. In one embodiment, a process may partition each 
of two or more frames into two or more sub-frames, wherein 
the frames may be defined according to a reference system 
standard. The process may transmit one or more of the two 
or more Sub-frames for a non-relay transmission including 
transmitting a (DL:BS->MS/RS) sub-frame 2512 during a 
pre-designated downlink transmission and a (UL:MS/RS 
>BS) 2516 sub-frame during a pre-designated uplink trans 
mission, and may transmit one or more of the two or more 
Sub-frames for a relay transmission including transmitting a 
(DL:RS->MS) sub-frame 2514 during a pre-designated 
downlink transmission and a (UL:MS->RS) 2518 sub-frame 
during a pre-designated uplink transmission. In one embodi 
ment, the process may support two-hop relay transmission, 
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for example, with optimized latency. In one embodiment, the 
process may further partition each of the two or more frames 
by partitioning even-numbered hop Zones into (DL:BS 
>MS, BS->odd RS, even RS->odd RS) zones during a 
pre-designated downlink transmission and (UL:MS->BS, 
odd RS->BS, odd RS->even RS) during a pre-designated 
uplink transmission and odd-numbered hop Zone into (DL: 
odd RS->even RS, odd RS->MS) zones during a pre 
designated downlink transmission and (UL:MS->odd RS, 
even RS->odd RS) during a pre-designated uplink transmis 
Sion. The further partitioning may, for example, Support 
multi-hop relay transmission. Other partitions may be used. 
Embodiments of the invention may support transparent 
relay, for example, when the RS does not transmit a pre 
amble, a broadcast, and control channels, and may support 
non-transparent relay, for example, when the RS transmits a 
preamble, a broadcast, and control channels. Other configu 
rations may be used. 
0057 Embodiments of the invention may support such 
relay operations, for example, in the TDD duplex mode in 
IEEE 802.16m, by allocating DL and UL Zones, and a 
number of legacy and new Zones for communications 
between the RSs and the BSs (e.g., RS->BS), RSS and RSS 
(e.g., RS <->RS), or RSs and mobile terminals (e.g., RSC 
>MS) as shown in FIG. 25. An embodiment of the present 
invention may support both transparent and non-transparent 
relay operations. In a transparent relay operation, the relay 
stations may not separately transmit timing, broadcast, or 
control information that is typically transmitted by a base 
station. In non-transparent relay operation, the relay stations 
may separately transmit timing, broadcast, and control infor 
mation similar to a conventional base station. A receive to 
transmit or transmit to receive gap may be, for example, 
inserted between two neighboring DL and UL Zones. In 
Some embodiments, in non-transparent relay operations, 
each relay station may transmit a unique preamble and may 
use a frame structure according to embodiments of the 
invention. In some embodiments, Substantially each relay 
station may transmit a common control channels and/or 
MAP signals, which may be different or the same as com 
mon control channels and/or MAP signals transmitted by the 
base station. MAP signals may, for example, describe the 
resource allocations of the DL and UL new and/or legacy 
relay Zones. Base stations and relay stations may coordinate 
schedulers in order to control interference within these 
ZOS. 

0.058 Embodiments of the present invention may support 
transparent relays deployed within multiple sectors of a base 
station or other unit. In one embodiment, only new pre 
ambles, frame control headers, and MAPs may be transmit 
ted in the first new DL Zone. New terminals (e.g., including 
mobile stations and relay stations) may synchronize with the 
new (e.g., supplementary) preamble to receive the MAP 
signals. The MAP signals may describe frame resource 
allocations in relay and non-relay Zones (e.g., of new Zones) 
in the DL and UL Zones. In DL Zones, data may be 
transmitted directly from the BS to an MS and may be 
scheduled in either a new relay or non-relay DL Zone. The 
relayed information may be initially transmitted from the BS 
to the RS, for example, in the new DL Zone and then 
transmitted from the RS to the MS, for example, in the relay 
Zone. In UL Zones, the BS may schedule MS transmissions. 
In one embodiment, the MS transmissions may be relayed 
by an RS, which may be transparent to the MS. 
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0059 Embodiments of this invention may be used to 
Support multiple (e.g., two or more) relay hops, as shown in 
FIG. 25. In FIG. 25, each of even-numbered relay hops and 
odd-numbered relay hops may include two sub-types of 
Zones 2522. In some embodiments, the beginning of each 
relay Zone may contain timing and/or control information. 
The synchronization channel of each relay station may be 
assigned a unique code. 
0060 Embodiments of the invention may provide a par 
titioning of frames into Sub-frames (e.g., where the bound 
aries of transmission blocks or Zones may be synchronized 
with the sub-frame boundaries). According to the IEEE 
802.16e-2005 standard, the boundaries of transmission 
blocks or Zones may start and end at any OFDM symbol 
within the boundary of a frame. According to embodiments 
of the invention, the new Zones may use a new and more 
efficient resource allocation and feedback mechanism. The 
total number of OFDM symbols within a frame may vary 
depends on the OFDM numerology. In order to maintain 
backward compatibility with the legacy mobile WiMAX 
systems, the same frame size and OFDM numerology (e.g., 
or OFDM parameters) may be used for the IEEE 802.16m 
systems and the legacy mobile WiMAX systems. It may be 
appreciated by those skilled in the art that all permissible 
numerologies and/or frame sizes, for example, specified by 
the 802.16e-2005 standard, may be used in accordance with 
embodiments of the present invention. 
0061 Embodiments of the invention may provide super 
frame structures that may be compatible with conventional 
standards, such as, the IEEE 802.16e-2005 standard and/or 
other standards. For example, the Super-frame structure may 
include or may be compatible with a subset of features, for 
example, as specified in the mobile WiMAX profile (e.g., 
and may be backwards compatible with the mobile WiMAX 
profile). 

0062 Embodiments of the invention may provide a 
Super-frame structure, which may be partitioned into a 
number of frames that include, for example, one or more, 
legacy synchronization channel (e.g., a IEEE 802.16e pre 
amble), Supplemental synchronization channels (e.g., a 
IEEE 802.16m preamble), broadcast channel (BCH), 
medium access protocol (MAPs) or common control chan 
nel (CCCH) in the new and legacy Zones corresponding to 
each frame or an integer number of frames. 
0063 Reference is made to FIG. 5, which schematically 
illustrates a super-frame 500 structure according to an 
embodiment of the present invention. In one embodiment, 
super-frame 500 may include a legacy preamble 502, for 
example, which may be referred to as primary synchroni 
zation channel (PSCH). In some embodiments, super-frame 
500 may include an additional or supplemental preamble 
504, for example, for improving system timing acquisition 
and cell selection for new terminals. Supplemental preamble 
504 may, for example, be referred to as secondary synchro 
nization channel (SSCH). The synchronization channels 
may include sequences, which may be used and/or deci 
phered by both base stations and mobile stations, for 
example, for acquiring frame timing and/or scheduling. 
0064. In some embodiments, supplemental preamble 504 
may be effectively or partially transparent, unreadable, or 
undetectable to legacy terminals, while legacy preamble 502 
may be detectable to both legacy and new terminals. In some 
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embodiments, super-frame 500 may include a broadcast 
channel (BCH) 506. The broadcast channel may contain 
information that may for example include system configu 
ration information, paging, and/or other broadcast type 
information, and may be sent by a base station to all mobile 
stations in the network and/or Surrounding area. 

0065. As shown in FIG. 5, supplementary or new pre 
amble 504 (e.g., SSCH) may be located at a fixed position 
in new or legacy Zones. In one embodiment of the present 
invention, for example, the supplemental preamble 504 may 
be positioned at a fixed offset, which may be referred to as, 
for example, “SSCH OFFSET. The SSCH OFFSET may 
be a measure of a location of the Supplemental preamble 
504, for example, relative to the location of the legacy 
preamble, for example, in every frame. In some embodi 
ments, the legacy preamble in mobile WiMAX systems may 
be located in the first OFDM symbol of every frame (as 
shown in FIG. 9). The value of SSCH OFFSET may be 
included and broadcasted as part of the system configuration 
information. In some embodiments, when Supplemental 
preamble 504 is detected by a mobile terminal, the 
SSCH OFFSET may be used to locate the beginning of a 
frame. In one embodiment, when SSCH OFFSET=0, there 
may be no legacy preamble 502, which may indicate that the 
network does not support legacy terminals. In some embodi 
ments, a new synchronization channel and the broadcast 
channel may span a minimum system bandwidth (BW). In 
some embodiments, the legacy synchronization channel 
typically spans the entire system BW, an example of which 
is shown in FIG. 9. The region pre-designated for commu 
nicating Supplementary preamble 504 (e.g., via multiple 
Sub-carriers) may be, for example, transparent and/or 
ignored by legacy terminals. A scheduler for downlink base 
station or terminal transmissions typically does not allocate 
user/system traffic/control/signaling in the region pre-desig 
nated for communicating Supplemental preamble 504. 

0066. In another embodiment of the present invention, 
for example, supplementary preamble 504 may be located, 
for example, in the beginning of the new frame where the 
new frame may be located at a fixed offset relative to the 
legacy frame. In one embodiment, the fixed offset may be 
referred to as, for example, "FRAME OFFSET, and may 
be fixed within the frame timing. In some embodiments, the 
value of the FRAME OFFSET may be set by a network 
operator or administrator (e.g., and not broadcast). The new 
mobile terminals may detect supplemental preamble 504, 
which may indicate the beginning of the new frame and, for 
example, other information channels relative to the begin 
ning of the new frame (e.g., as shown in FIG. 6). For 
example, the timing or periodicity of BCH 506 may be 
Substantially aligned with the timing or periodicity of Super 
frame 500 transmissions. 

0067. In various embodiments, super-frame 500 may 
have substantially different structures, which may be distin 
guished, for example, based on the relative position of 
legacy preamble 502 and/or supplemental preamble 504 in 
super-frame 500, and/or other features or design consider 
ations for the frame structure (e.g., such as a DL scan 
latency, physical layer overhead, and other information). It 
may be appreciated to those skilled in the art that although 
three options for the structure of super-frame 500, including 
for example, options I, II, and III, may be described, various 
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other structures and/or variations thereof may be used in 
accordance with embodiments of the present invention. 
0068 The description that follows may include embodi 
ments that may individually or collectively be referred to as 
Option I. Option I, and other "Options' presented herein are 
examples only, and are non-limiting. 
0069. In some embodiments, supplemental preamble 504 
and/or BCH 506 may be positioned substantially at the 
beginning of each super-frame 500, for example, in the first 
frame of each super-frame 500 in a communication stream. 
In Such embodiments, legacy preamble 502 and Supplemen 
tal preamble 504 may be separately positioned (e.g., spaced 
or offset along the length of super-frame 500). In such 
embodiments, the impact or visibility of Supplemental pre 
amble 504 to legacy terminals (e.g., which typically only 
detect legacy preamble 502) and operations thereof, such as, 
system acquisition, may be minimized. Supplemental pre 
amble 504 may be periodically repeated at any desirable 
frequency, for example, substantially every frame. BCH 506 
may contain system-configuration information, paging 
channels, and/or other broadcast information. In some 
embodiments, BCH 506 may be synchronized with super 
frame 500 intervals and may appear every integer number of 
Super-frames. In some embodiments, new terminals may use 
supplemental preamble 504 (e.g., exclusively or addition 
ally) to improve system timing acquisition and fast cell 
selection. For example, supplemental preamble 504 may 
include cell identification (ID) information or codes and may 
be used for acquisition of frame timing by new terminals. 
For example, a cell ID code may include a concatenated base 
station group ID code, base station ID code, a sector ID 
code, and/or other codes or information, for example, to 
simplify the detection (e.g., execute a structured search) of 
the cell ID. 

0070 According to embodiments of the invention 
described in reference to Option I, since supplemental 
preamble 504 may be spaced from legacy preamble 502, 
supplemental preamble 504 may be minimally detectable by 
legacy terminals. In some embodiments, in order to mini 
mize the physical layer overhead (layer 1 overhead), for 
example, which may be increased by using an OFDM 
symbol for transmitting supplemental preamble 504, supple 
mental preamble 504 may be transmitted, for example, over 
a limited (e.g., minimal) bandwidth or time, or by using 
additional sub-carriers corresponding to the same OFDM 
symbol for Scheduling user traffic, for example, as shown in 
FIGS. 9 and 18. 

0071. The description that follows may include embodi 
ments that may individually or collectively be referred to as 
Option II. 

0072 Reference is made to FIG. 6, which schematically 
illustrates a super-frame 600 structure according to an 
embodiment of the invention. In some embodiments for 
TDD duplex mode, super-frame 600 may be partitioned into, 
for example, four frames with pre-designated legacy peri 
ods, intervals or Zones and new or non-legacy periods, 
intervals or Zones. In one embodiment, legacy frame 610 
may be further partitioned into Sub-frames, including, for 
example, DL transmission legacy Zones 612 and UL trans 
mission legacy Zones 616. The new frame 620 may begin at 
a fixed offset (e.g., FRAME OFFSET) relative to the begin 
ning of the legacy frame. The value of the FRAME OFF 

ZyXEL Communications Corporation Ex. 1018 
Page 34 of 40



US 2008/0095.195 A1 

SET may be an integer number of sub-frames and may be 
determined based on the ratio of the lengths or time of the 
DL to UL transmissions (e.g., in TDD duplex mode). For 
example, when FRAME OFFSET=T and T. 
denotes the length of the sub-frame and T denotes the frame 
length the value of the minimum and maximum permissible 
values for T. may be determined as follows: offse 

0073) T 
0074) 0s as 1: the fraction of frame allocated to DL 
0075) Example: C =0.625 for DL:UL=5:3 
0076 nT sCT-T 1 sin<7 sub-frame 

0077. T=mT Osm-(Number of DL Sub 
Frames)-n 

0078. In some embodiments, legacy terminals may com 
municate using legacy frames 610 and new terminals may 
communicate using new frames 620 and/or legacy frames 
610. 

offsetsCTf 

sub-frame 

0079 According to embodiments of the invention, for 
example, in option III, the beginning of new frames 620 and 
legacy frames 610 may be offset by a fixed value, for 
example, by a frame offset 622 or an offset interval (e.g., a 
fixed duration of time and/or number of sub-frames). 
0080. The relative positions of new frames 620 and 
legacy frames 610 according to one embodiment are 
depicted in FIG. 6, for example, in TDD duplex mode. For 
example, in TDD duplex mode, legacy frame 610 structure 
may start with a DL transmission 612 and end with an UL 
transmission 616. For example, new frame 610 structure 
may start with a DL transmission 614, followed by a UL 
transmission 618, and end with a DL transmission 614. 
0081. In some embodiments, each new frame 610 may 
contain a Supplemental preamble (e.g., SSCH), for example, 
in a sub-frame at the start or beginning of frame 610. 
0082 In other embodiments, each super-frame 600 may 
include a super-frame header (SFH) 624, for example, in a 
sub-frame at the start or beginning of super-frame 600. For 
example, SFH 624 may include a supplementary preamble 
and a broadcast channel. 

0.083 For example, K and 6-K, K=1,2,..., 6 may denote 
the number of OFDM symbols that are allocated to supple 
mentary preamble and broadcast channel, respectively. The 
number of OFDM symbols allocated to supplementary and 
legacy preambles may be as small as one OFDM symbol per 
channel. In one embodiment, the remainder of the OFDM 
symbols available in the SFH 624 sub-frame may be allo 
cated, for example, for user traffic, control, and/or control 
and signaling information, which may minimize the system 
layer 1 overhead. 
0084 SFH 624 may include a supplemental preamble 
sequence and the broadcast information (e.g., including 
system configuration information and a paging channel). In 
Some embodiments, legacy frames and new frames may 
have a fixed frame offset 622, which may be configurable by 
the network operator. 
0085. In some embodiments of the present invention, the 
legacy Zone and new Zone may be offset by a fixed number 
of sub-frames. The offset value may be substantially stable 
or fixed within a practical deployment. Due to the dynamic 
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nature of network traffic in practice, in Some frames, the 
legacy Zone may be under-utilized while the new Zone may 
be fully loaded or vice versa. In some embodiments, a 
pointer in a IEEE 802.16m common control channel may be 
designed and/or used, for example, to point to or indicate a 
Sub-frame in the legacy Zone that may be unused by legacy 
terminals. For example, when legacy Zone and/or new Zone 
partitions are fixed, the resources (e.g., Sub-frames) may be 
dynamically allocated from frame to frame maximize the 
use of physical resources, which may otherwise be unused. 
0086) The description that follows may include embodi 
ments that may individually or collectively be referred to as 
Option III. 
0087. Reference is made to FIG. 7, which schematically 
illustrates a super-frame 700 structure having a supplemen 
tal preamble 704 multiplexed with a legacy preamble 702, 
according to an embodiment of the present invention. In 
some embodiments, a supplemental preamble 704 may be 
multiplexed with a legacy preamble 702, for example, every 
M frames (e.g., where M may be the number of frames 
within a super-frame 700). For example, the first OFDM 
symbol of the first frame 710 in super-frame 700 may 
include supplemental preamble 704 and the M-1 succeeding 
frames 710 in super-frame 700 may include legacy preamble 
702. In some embodiments, a common control channel (e.g., 
including DL and UL MAPs) and/or frame control header 
(FCH) 708 and a BCH 706 transmission may occur, for 
example, at Super-frame 700 and frame 710 intervals, 
respectively. 
0088. The acquisition of legacy preamble 702 (e.g., by 
legacy terminals) may break as a result of interruption in the 
reception of the periodic legacy preamble 702. Since supple 
mental preamble 704 and legacy preamble 702 may share 
physical resources, for example, and may be transmitted at 
Substantially the same or overlapping times or locations 
along super-frame 700, there may typically be no additional 
physical resource needed for including the Supplemental 
preamble 704 into a super-frame 700 structure. Additionally, 
in some embodiments, the position of Supplemental pre 
amble 704 may be fixed within a periodic number (one or 
more) of frames 710. 
0089. In some embodiments, when supplemental pre 
amble 704 and legacy preamble 702 are code division 
multiplexed, for example, in substantially the same OFDM 
symbol, there is typically no substantial impact on the layer 
1 overhead. In Such embodiments, some legacy preambles 
702 may be transmitted in Succession and, for example, 
other legacy preambles 702 may be superimposed with 
Supplemental preamble 704 (e.g., according to multiplexing 
scheme discussed herein). 
0090. In some embodiments, supplemental preamble 704 
may be multiplexed with legacy preamble 702 using, for 
example, a code division multiplex (CDM) scheme. A CDM 
scheme may include code division multiplexing Supplemen 
tal preamble 704 and legacy preamble 702, for example, 
substantially every M frames 710, for example, as shown in 
FIG. 7. 

0091. In one embodiment, supplemental preamble 704 
and legacy preamble 702 sequences may be Superimposed 
and transmitted (e.g., by a new base station or terminal) 
every M frames, for example, according to the following 
equation: 
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0092) y=u+%u' where u, u', X may denote the k" 
primary synchronization sequence, the k" new synchroni 
zation sequence, and the k" spreading function. Other (e.g., 
linear) combinations may be used. 

0093. For example, the spreading function may include a 
set of robust spreading functions, which may substantially 
cover the new synchronization sequences. Other multiplex 
ing schemes or combinations thereof may be used. 

0094. In one embodiment, legacy preamble 702 and 
supplementary preamble 704 may be, for example, code 
division multiplexed every fixed number (e.g., M=1,2,3 .. 
... ) frames. In Such embodiments, legacy terminals may 
experience or include a small degradation in the energy of 
the legacy preamble every M frames. The new terminals 
may detect and extract supplemental preamble 704 that may 
encroach or may be Superimposed on legacy preamble 702. 
As presented herein, Supplementary preamble may be 
referred to, for example, as “new preamble”, “supplemental 
preamble”, “new synchronization channel”, “SSCH' and 
“Supplemental synchronization channel', a new system, 
profile, and/or standard, may be referred to, for example, as 
an “evolved version of the reference system standard. 

0.095 Reference is made to FIG. 8, which schematically 
illustrates a super-frame 800 structure having a supplemen 
tal preamble 804 multiplexed with a legacy preamble 802. 
where legacy preamble 802 may be obscured from legacy 
terminals, according to an embodiment of the present inven 
tion. 

0096. In some embodiments, the superposition of supple 
mentary preamble 804 on the legacy preamble 802 may, for 
example, increase interference levels or, for example, an 
interference over thermal 820 (IoT) value. The objective is 
to maximize the IoT while maintaining a minimum Signal to 
Interference+Noise Ratio (SINR) that is required for detec 
tion of the legacy preamble. 

0097. In one embodiment of the present invention, a 
signal received at the s" sub-carrier, y, may be calculated, 
for example, as shown in the equations that follow. In one 
embodiment, supplemental preamble 804 associated with 
each new base station or relay station may be substantially 
different, for example, for enabling a mobile station to 
distinguish, detect, and/or select, different base stations or 
relay stations in a network. In some embodiments, since the 
received power 822 of supplemental preamble 804 may be 
determined, or be directly proportional to, the IoT 820, it 
may be desirable for the IoT 820 to be maximized, for 
example, to the extent that the minimum SINR level would 
allow the legacy terminals to correctly detect legacy pre 
ambles 802. In some embodiments, an optimization of the 
IoT 820 value may be performed, for example, according to 
the equations that follow: 

p p 

y = Hsik u + Hsk Akui + W., + X Hu; + X Hsu Yu, 
isik isik 

H SINR,20logo Hsk util 
Hik i u + W., + X Hiiu; + X Hitu, 

isiek isik 
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-continued 
H. : u. I' 

SINR, a 10logo Hskull 2 2 

|Hika u +|w,’ + X Hiu; +X Hutu? 
isiek ifk 

IoT = |H, Yuk 

H. : u. I' SINRsmin = 10logo ! sktil 2 
|w, +X Hiiu; +X Hutu + loTax. 

isiek isik 

0098 where terms may be defined, for example, as 
follows: 

0099) 
0100 
0101 
0102) 
0103) 
0.104) 
0105 SINR.: Signal to Interference+Noise Ratios 
for Legacy Terminals 

y: Received Signal at sth Sub-Carrier 
u Legacy Preamble Sequence sent by kth BS 

H. : Multi-Path Channel Impulse Response 
u': New Preamble Sequence sent by kth BS 
X: kth Spreading Function 

w: Received Noise at sth Sub-Carrier 

isik 

Inter-Cell Interference due to New and Legacy Pre 
ambles 

0106 Other criteria for the optimization of the IoT value 
may be used. In some embodiments, when legacy preambles 
702 and 802 are code division multiplexed, transmitting 
supplemental preamble 704 and 804, respectively, may have 
Substantially no or minimal effect on the physical layer 
overhead of the system in which they are transmitted. 
0.107. In such embodiments, superimposing supplemental 
preamble 804 onto legacy preamble 802 respectively, may 
limit the received power 822 of supplemental preamble 704 
and may potentially interfere with or obscure system acqui 
sitions of legacy preamble 802 by legacy terminals, for 
example, due to additional interference from Supplementary 
preambles transmitted by neighboring base stations or relay 
stations. The effect of additional interference may be mini 
mized, for example, using robust preamble detection algo 
rithms, for example, having minimal sensitivity to instanta 
neous degradation in the preamble power. 
0108. It may be appreciated by those skilled in the art that 
each of three options for embodiments of the structure of a 
Super-frame and/or partitions thereof, including for example, 
embodiments described in reference to each of options I, II, 
and III, may be applied to both TDD and FDD duplex 
schemes. The size and distribution of the new and legacy 
Zones and their corresponding DL and UL transmissions 
and/or Sub-frames, may depend, for example, on factors 
including but not limited to the distribution of the new and 
legacy terminals, network load and performance optimiza 
tions for new and legacy terminals. 
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0109 Reference is made to FIG. 10, which schematically 
illustrates a frame 1000 structure in FDD duplex mode 
according to an embodiment of the present invention. Frame 
1000 may include sub-frames 1030. In some embodiments, 
super-frame 1000 may include a legacy preamble 1002, a 
supplemental preamble 1004, and a BCH 1006, which may 
be transmitted every integer number of Super-frame trans 
missions. In one embodiment, legacy preamble 1002, 
supplemental preamble 1004, and/or BCH 1006 may be 
positioned at the beginning of frame 1000. According to 
embodiments of the invention, in the FDD duplex mode, DL 
transmissions 1016 and UL transmissions 1018 may occur 
substantially simultaneously, for example, at different fre 
quencies (e.g., DL frequency Fi 1024 and UL frequency F. 
1026, respectively). 
0110 Reference is made to FIGS. 11-14, which schemati 
cally illustrate super-frames 1100, 1200, 1300, and 1400 and 
their respective frames, 1110, 1210, 1310, and 1410, each 
having Substantially different cyclic prefixes and duplex 
modes according to various embodiments of the present 
invention. In FIG. 11, frame 1110 may be used in an FDD 
duplex mode and may have a cyclic prefix of /s of (e.g., 
useful) OFDM symbol length. In FIG. 12, frame 1210 may 
be used in an FDD duplex mode and may have a cyclic 
prefix of /16 of (e.g., useful) OFDM symbol length. In FIG. 
13, frame 1310 may be used in a TDD duplex mode and may 
have a cyclic prefix of /s of (e.g., useful) OFDM symbol 
length. In FIG. 14, frame 1410 may be used in a TDD duplex 
mode and may have a cyclic prefix of /16 of (e.g., useful) 
OFDM symbol length. The number of OFDM symbols in a 
sub-frame may be related to, for example, the length of each 
OFDM symbol and/or the cyclic prefix value. Embodiments 
of the invention may be used having any suitable OFDM 
numerology. It may be appreciated by those skilled in the art 
that although a variety of parameters (e.g., duplex modes, 
cyclic prefix values, OFDM numerologies, etc.) may be used 
according to embodiments described herein, Suitable varia 
tions may be used, for example, as depicted in the variations 
of FIGS. 11-14. 

0111 Embodiments of the invention may include a fast 
feedback mechanism. The fast feedback mechanism may 
include a reduced TTI length. A TTI length according to one 
embodiment of the invention may be equivalent to, for 
example, the length of one Sub-frame. Thus, when a cyclic 
prefix (CP) is equal to, for example, /s (e.g., useful) OFDM 
symbol length, the TTI may be approximately equal to, for 
example, to 0.617 ms. In some embodiments, the RTT may 
be approximately equal to, for example, 6 TTI, which 
according to the example given, may be approximately 
equal to, for example, 3.7 ms. RTT values described herein 
and depicted in FIGS. 11-14, may be substantially smaller 
than conventional RTTs, for example, obtained based on the 
current mobile WiMAX systems, and may thus, support 
higher mobility terminals or applications using lower 
latency and/or faster transmission at the physical layer. In 
one embodiment, sub-frames described herein may be 
demodulated and/or decoded, for example, in intervals of 
time, approximately less than or equal to, for example, 2 TTI 
intervals (e.g., approximately 1.23 ms). 

0112 Reference is made to FIGS. 15-18, which sche 
matically illustrate fast feedback mechanisms according to 
embodiments of the invention. In one embodiment, fast 
feedback mechanisms may include frame structures that 
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Support fast turn around times, for example, for Supporting 
higher mobility and lower link access latency. The fast 
feedback mechanisms may include acknowledgement 
(ACK) or negative acknowledgement (NACK) transmis 
S1O. 

0113 Embodiment of the invention may provide fast 
feedback mechanisms for improved and efficient link adap 
tation, faster channel quality indication (CQI) transmission, 
and/or ACK/NACK signals for hybrid automatic repeat 
request (H-ARO) mechanisms for Supporting mobile sta 
tions moving at Substantially higher speeds. Current mobile 
WiMAX systems typically support transmissions to and/or 
from mobile terminals having speeds of for example, 
approximately 120 km/h. Although embodiment of the 
invention depicted in FIGS. 15-18 may be used in a TDD 
duplex mode, it may be appreciated by those skilled in the 
art that an FDD duplex mode may also be used. In some 
embodiments, mechanisms described herein, for example, 
including the new frame structure and fast feedback mecha 
nisms may support higher mobility and/or faster feedback 
rates when used in the FDD duplex mode relative to when 
are used in the TDD duplex mode. 
0114 FIG. 17 illustrates an example of transmissions 
scheduled for new and legacy devices or terminals, for 
example, using new and legacy Zones, according to an 
embodiment of the invention. In some embodiments, new 
base stations may support a combination or coexistence of 
legacy and new terminals in a network, for example, using 
embodiments of the frame structure described herein. In one 
embodiment, a fast feedback mechanism according to 
embodiments described herein, for example, may be used 
for Supporting terminals (e.g., new and/or legacy terminals) 
having high mobility. 
0115 FIG. 18 illustrates an example of physical assign 
ments on a Sub-frame scale of resource, such as, legacy 
preamble (e.g., PSCH), Supplemental preamble (e.g., 
SSCH), and broadcast channel (e.g., BCH), for example, 
using frame structures in a TDD duplex mode according to 
an embodiment of the invention. FIG. 18 illustrates an 
example of the ordering or allocation of sub-frame resources 
for communicating with new terminals (e.g., using new Zone 
and/or legacy Zone transmissions) and/or legacy terminals 
(e.g., using legacy Zone transmissions). For example, the 
new zones may be transmitted in TDD duplex mode having 
cyclic prefix equal to "/8 of the (e.g., one measure of useful) 
OFDM symbol length. Other proportions may be used. 
0116 Embodiments of the present invention may provide 
frame structures, for example, for Supporting the current and 
the next or future generation mobile WiMAX systems. It 
may be appreciated by those skilled in the art that each of the 
non-limiting examples for the structure of frames, including 
for example, options I, II, and III, may be used in accordance 
with embodiments of Super-frames, frames, Sub-frames, new 
and legacy Zones, fast feedback mechanisms, and/or other 
mechanisms, structures timing and/or frequency schemes 
described herein. 

0.117) Compared with conventional systems, embodi 
ments of the frame structure described herein may provide 
a more robust DL Synchronization mechanism, more effi 
cient broadcast channel transmissions, and/or lower trans 
mission latency to enable of higher mobility, higher capacity 
and improved quality of service (QoS) while maintaining 
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backward compatibility with existing mobile WiMAX sys 
tems. In some embodiments, the new frame structure may be 
transparent to the legacy terminals for seamless integration 
and/or upgrades into conventional networks or systems (e.g., 
from IEEE 802.16e-2005 systems to IEEE 802.16m sys 
tems). 
0118 Reference is made to FIGS. 19-23, which sche 
matically illustrate frame structures adapted for coexisting 
with other wireless systems according to embodiments of 
the present invention. Conventional wireless systems or 
networks may include, for example, radio access technology 
networks, 3GPP LTE networks, time division-synchronous 
code division multiple access (TD-SCDMA) networks, 
mobile WiMAX networks, IEEE 802.16 networks, and/or 
other networks. 

0119 For example, FIG. 19 includes frame structures 
adapted for coexisting with 3GPP LTE systems, for 
example, in FDD duplex mode. FIG. 20 includes frame 
structures adapted for coexisting with 3GPP LTE systems, 
for example, in TDD duplex mode (e.g., where LTE 
DL:UL=5:5 and/or new mobile WiMAX system DL:UL= 
4:4). FIG. 21 includes frame structures adapted for coexist 
ing with 3GPP LTE systems, for example, in TDD duplex 
mode (e.g., where LTE DL:UL=7:3 and/or new mobile 
WiMAX system DL:UL=6:2). FIG.22 includes frame struc 
tures adapted for coexisting with 3GPP LTE systems, for 
example, in TDD duplex mode (e.g., where LTE DL:UL=3:7 
and/or new mobile WiMAX system DL:UL=3:5). FIG. 23 
includes frame structures adapted for coexisting with UTRA 
LCR-TDD TD-SCDMA systems. 
0120 Reference is made to FIG. 24, which is a flow chart 
of a method according to an embodiment of the present 
invention. 

0121. In operation 2400, a processor in a terminal may 
partition each frame into two or more sub-frames. The 
frames (e.g., frames 410 described in reference to FIG. 4, or 
other frames) may be backward compatible with a reference 
system profile and for example, defined according to a 
reference standard system (e.g., IEEE 802.16e-2005 stan 
dard or mobile WiMAX profiles). Thus, as compared with 
the frames from which sub-frames are partitioned, the sub 
frames (e.g., sub-frames 420 described in reference to FIG. 
4) may be shorter and therefore processed and transmitted/ 
received faster with smaller periodicity. Transmitting 
according to the Sub-frame structure may provide over the 
air communications having a periodicity on the scale of 
several sub-frames instead of the relatively longer period 
icity of several frames. 
0122) In some embodiments, the partitioned sub-frames 
may have a length selected for achieving a turn-around time 
for transmitting the sub-frames that is below a predeter 
mined target threshold or value. The predetermined target 
threshold or value may be selected, set or determined by or 
according to, for example, a user, a system, a network, a 
standard specification, and/or other methods. 
0123. In operation 2405, a transmitter may transmit one 
or more Sub-frames during a pre-designated downlink trans 
mission (e.g., pre-designated DL transmissions 306, 
described in reference to FIG. 3). 
0.124. In operation 2410, the transmitter may transmit one 
or more Sub-frames during a pre-designated uplink trans 
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mission (e.g., pre-designated UL transmissions 308, 
described in reference to FIG. 3) 

0.125. In operation 2415, the transmitter may transmit one 
of the plurality of Sub-frames including a legacy preamble 
for communicating with a legacy terminal, for example, 
operating according to the reference system profile during a 
pre-designated legacy transmission period or Zone (e.g., 
legacy Zone 612 and/or 616, described in reference to FIG. 
6). 

0.126 In operation 2420, the transmitter may transmit one 
of the plurality of Sub-frames including a Supplemental 
preamble for communicating with a new (e.g., a non-legacy) 
terminal, for example, operating according to an evolved or 
newer version of the reference system standard, such as, the 
IEEE 802.16m standard, during a pre-designated new (e.g., 
a non-legacy) transmission period or Zone (e.g., new Zone 
614 and/or 618, described in reference to FIG. 6). 

0127. In various embodiments, the first and second sig 
nals may be transmitted in a TDD duplex mode or an FDD 
duplex mode. In some embodiments, when the signals are 
transmitted in a TDD duplex mode, operations 2405 and 
2410 may be executed over substantially different time 
intervals, or frame positions, such that the first and second 
signals may be transmitted separately. In other embodi 
ments, when the when the signals are transmitted in an FDD 
duplex mode, operations 2405 and 2410 may be executed in 
Substantially overlapping time periods, such that the first and 
second signals may be transmitted over Substantially distinct 
frequencies and/or channels. 

0128. In some embodiments, the sub-frames may be 
further partitioned into two or more (e.g., six (6)) informa 
tion-carrying, multiplexing, and/or OFDM symbols. 

0129. In some embodiments, the first and second signals 
may include a legacy preamble for communicating with 
legacy terminals operating according to the reference system 
profile and a Supplementary preamble for communicating 
with a new (e.g., a non-legacy) terminal operating according 
to a second system standard and/or an evolved version of the 
reference system. In one embodiment, each of the first and 
second Sub-frames may be pre-designated for communicat 
ing with one of a legacy terminal, a non-legacy terminal, or 
both a legacy and non-legacy terminal. For example, one of 
two or more sub-frames in operation 2410 may be pre 
designated for communicating with both a legacy and a 
non-legacy terminal. 

0.130. In some embodiments, the beginning of the frames, 
which may be pre-designated for communicating with 
legacy terminals and non-legacy terminals, may be offset, 
for example, by a fixed number of sub-frames. 

0.131. In some embodiments, a super-frame may be 
defined. For example, the Super-frame may include two or 
more frames (e.g., the frames described in operation 2400) 
that may be transmitted in Succession. In one embodiment, 
the Supplementary preamble may be transmitted Substan 
tially once during the transmission of each Super-frame. In 
one embodiment, the Supplementary preamble may be trans 
mitted substantially once every frame. 

0.132. According to embodiments such as that of Option 
I described herein, the legacy preamble and the Supplemen 
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tary preamble may be transmitted separately, for example, at 
a Substantially fixed distance apart along the length of the 
frame. 

0133. In one embodiment, a process may execute opera 
tions 2400,2405, and 2410 and need not execute operations 
2415 and 2420. In another embodiment, a process may 
execute operations 2400, 2415, and 2420 and need not 
execute operations 2405 and 2410. In yet another embodi 
ment, a process may execute operations 2400, 2405, 2410. 
2415, and 2420. The process may execute other sequences, 
orders, and/or permutations of operations described herein. 
0134) While the invention has been described with 
respect to a limited number of embodiments, it will be 
appreciated that many variations, modifications and other 
applications of the invention may be made. Embodiments of 
the present invention may include other apparatuses for 
performing the operations herein. Such apparatuses may 
integrate the elements discussed, or may comprise alterna 
tive components to carry out the same purpose. It will be 
appreciated by skilled in the art that the appended claims are 
intended to cover all such modifications and changes as fall 
within the true spirit of the invention. 

1. A method comprising: 
partitioning each of a plurality of frames into a plurality 

of sub-frames, wherein the frames are defined accord 
ing to a reference system standard; 

transmitting one of the plurality of Sub-frames during a 
pre-designated downlink transmission; and 

transmitting one of the plurality of Sub-frames during a 
pre-designated uplink transmission. 

2. The method of claim 1, wherein the partitioned sub 
frames have a length selected for achieving a turn-around 
time for transmitting the sub-frames that is below a prede 
termined target value. 

3. The method of claim 1, further comprising partitioning 
each of the plurality of sub-frames into a plurality of 
information-carrying symbols. 

4. The method of claim 3, wherein the plurality of 
information-carrying symbols comprise orthogonal fre 
quency division multiplex symbols. 

5. The method of claim 4, wherein the number of orthogo 
nal frequency division multiplex symbols is approximately 
equal to six (6). 

6. The method of claim 1, further comprising using a time 
division duplex mode for transmitting Sub-frames during the 
pre-designated downlink and uplink transmissions during 
substantially different time intervals. 

7. The method of claim 1, further comprising using a 
frequency division duplex mode for transmitting signals in 
sub-frames over substantially different frequencies. 

8. A method comprising: 
partitioning each of a plurality of frames into a plurality 

of sub-frames, wherein the frames are defined accord 
ing to a reference system standard; 

transmitting one of the plurality of Sub-frames comprising 
a legacy preamble for communicating with a legacy 
terminal operating according to the reference system 
standard during a pre-designated legacy transmission 
period; and 
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transmitting one of the plurality of Sub-frames comprising 
a Supplemental preamble for communicating with a 
non-legacy terminal operating according to a second 
version of the reference system standard during a 
pre-designated non-legacy transmission period. 

9. The method of claim 8, wherein one or more sub 
frames is pre-designated for communicating with both a 
legacy and a non-legacy terminal. 

10. The method of claim 9, wherein the legacy and the 
new frames are offset by a fixed number of sub-frames. 

12. The method of claim 8, further comprising: defining 
a Super-frame, wherein the Super-frame comprises a plural 
ity of frames that are transmitted in Succession; and trans 
mitting the Supplementary preamble Substantially once 
within every super-frame. 

11. The method of claim 12, further comprising transmit 
ting the legacy preamble and the Supplementary preamble 
Substantially a fixed distance apart along the length of the 
Super-frame. 

13. The method of claim 8, further comprising transmit 
ting the legacy preamble once during the transmission of 
each frame for establishing backwards compatibility with 
elements operating according to the reference system stan 
dard. 

14. A method comprising: 

partitioning each of a plurality of frames into a plurality 
of sub-frames, wherein the frames are defined accord 
ing to a reference system standard; 

transmitting one or more of the plurality of sub-frames for 
a non-relay transmission including transmitting a 
(DL:BS->MS/RS) sub-frame during a pre-designated 
downlink transmission and a (UL:MS/RS->BS) sub 
frame during a pre-designated uplink transmission; and 

transmitting one or more of the plurality of sub-frames for 
a relay transmission including transmitting a (DL:RS 
>MS) Sub-frame during a pre-designated downlink 
transmission and a (UL:MS->RS) sub-frame during a 
pre-designated uplink transmission. 

15. The method of claim 14, further comprising support 
ing a two-hop relay transmission. 

16. The method of claim 15, further comprising support 
ing a two-hop relay with optimized latency 

17. The method of claim 14, further comprising further 
partitioning each of a plurality of frames by partitioning 
even-numbered hop Zones into (DL:BS->MS, BS->odd RS, 
even RS->odd RS) zones during a pre-designated downlink 
transmission and (UL:MS->BS, odd RS->BS, odd 
RS->even RS) during a pre-designated uplink transmission 
and odd-numbered hop Zone into (DL: odd RS->even RS, 
odd RS->MS) zones during a pre-designated downlink 
transmission and (UL:MS->odd RS, even RS->odd RS) 
during a pre-designated uplink transmission. 

18. The method of claim 17, further comprising transmit 
ting using a multi-hop relay transmission. 

19. The method of claim 14, further comprising using a 
transparent relay, where the RS does not transmit a pre 
amble, a broadcast channel, and a control channel. 

20. The method of claim 14, further comprising using a 
non-transparent relay, where the RS transmits a preamble, a 
broadcast channel, and a control channel. 
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21. A system comprising: 
a processor to partition each of a plurality of frames into 

a plurality of sub-frames, wherein the frames are 
defined according to reference system standard; and 

a transmitter to transmit one of the plurality of sub-frames 
during a pre-designated downlink transmission and one 
of the plurality of Sub-frames during a pre-designated 
uplink transmission. 

22. The system of claim 21, wherein the processor is to 
partition the sub-frames to have a length selected for achiev 
ing a turnaround time that is below a predetermined target 
value. 

23. The system of claim 21, wherein the processor is to 
partition each of the plurality of sub-frames into a plurality 
of information-carrying symbols. 
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24. The system of claim 23, wherein the plurality of 
information-carrying symbols comprise orthogonal fre 
quency division multiplex symbols. 

25. The system of claim 24, wherein the number of 
orthogonal frequency division multiplex symbols is approxi 
mately equal to six (6). 

26. The system of claim 21, wherein the transmitter is to 
transmit during Substantially different time intervals using a 
time division duplex mode. 

27. The system of claim 21, wherein the transmitter is to 
transmit over Substantially different frequencies using a 
frequency division duplex mode. 
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