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be modulated into first and second consecutive symbols in a data block of the plurality of data blocks; to map the plurality of data
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APPARATUS, SYSTEM AND METHOD OF COMMUNICATING
ACCORDING TO A TRANSMIT SPACE-FREQUENCY DIVERSITY
SCHEME

CROSS REFERENCE
{001} This application claims the benefit of priority to U.S. Patent Application
Serial No. 15/084,746, filed March 30, 2016, which claums the benefit of and
priority from U.S. Provisional Patent Application No. 62/278.601 catitled
“Apparatus, System and Method of Commumnicating According to a Transmit
Space-Frequency Diversity Scheme”, filed January 14, 2016, each of which is

meorporated herein by reference in its entirety.

TECHNICAL FIELD

{002} Embodiments described herein generally relate to communicating

according to a transmit space-frequency diversity scheme.

BACKGROUND

[003] A wireless communication network in a mitlimeter-wave (mmWave) band

may provide high-speed data aceess for users of wireless commumication devices.

PCT/US2016/066520
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BRIEF DESCRIPTION OF THE DRAWINGS

[004] For simplicity and clarity of lustration, clements shown in the figures
have not necessarily been drawn to scale. For example, the dimensions of some of
the elements may be exaggerated relative to other elements for clarity of
5 presentation. Furthermore, reference numerals may be repeated among the figures

to indicate corresponding or analogous elements. The figures are listed below.

1005} Fig. 11s a schematic block diagram illustration of a system, in accordance

with some demonstrative embodiments.

1006} Fig. 2 15 a schematic illustration of a space-frequency mapping scheme, in

10 accordance with some demonstrative embodiments.

{007} Fig. 3 is a schematic flow-chart liustration of a method of transmitting a

tranamission according to a transmit space-frequency diversity scheme, in

accordance with some demonstrative embodiments.

{008} Fig. 4 13 a schematic flow-chart tHustration of a method of processing a
15 received transmission according to a transmit space-frequency diversity scheme,

in accordance with some demonstrative embodiments,

{009} Fig. 5 1s a schematic illustration of a product of manufacture, m accordance

with some demonstrative embodiments.
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DETAILED DESCRIPTION

{0010] In the following detailed descaption, numerous specific details are set
forth in order to provide a thorough understanding of some embodiments.

However, it will be understood by persons of ordinary skili in the art that some

W

embodiments may be practiced without these specific details. In other instances,
well-known methods, procedures, components, units and/or circuits have not been

described m detail so as not to obscure the discussion.

{0011} Discussions herein utilizing terms such as, for example, “processing”,
“computing”, “calculating”, “determining”, “establishing”, “analyzing”,
10 “checking™, orthe hke, may refer to operation{s) and/or process(es} of a computer,
a computing platform, a computing system, or other electronic computing device,
that manipulaic and/or transform data represented as physical {¢.g., clectronic)
quantities within the computer’s registers and/or memories mto other data

stmilarly represented as physical quantities within the computer’s registers and/or

Ju—
[

memorics or other information storage medium that may store instructions to

perform operations and/or processes.

10012] The terms “plurality” and “a plerality”, as vsed hergin, include, for
example, “multiple” or “two or more”. For example, “a plurality of items”

mcludes two or more items.

20 {0013] References to “one embodiment”, “an embodiment”, “demonstrative
embodiment”, “various embodiments” etc., indicate that the embodiment(s) so
described may mclude a particular feature, structure, or characteristic, but not
every embodiment necessarily includes the particular feature, structure, or

charactenstic. Further, repeated use of the phrase “in one embodiment” does not

]

5 necessanly refer to the same embodiment, although it may.

{0014] As used herein, unless otherwise specified the use of the ordinal
adjectives “first”, “second”, “third” etc., to describe a common object, merely
mdicate that different instances of like objects are being referred to, and are not
intended to imply that the objects so described must be m a given sequence, etther

30 temporally, spatially, in ranking, or in any other manner.

[0015] Some embodiments may be used in conjunction with various devices and
systems, for example, 3 User Equipment (UE), a Mobile Device (MD), a wircless

D
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statton {§TA), a Personal Computer (PC), a desktop computer, a mobile computer,

a laptop compuder, a notebook computer. a tablet computer. a server computer, a
handheld computer, a sensor device, an Intemet of Things (lo71) device, a wearable
device, a handheld device, a Personal Digital Assistant (PDA) device, a handheld

5 PDA device, an on-board device, an off-board device, a hvbrid device, a vehicular
device, a non-vehicular device, a mobile or portable device, a consumer device, a
non~mobile or non-portable device, a wircless communication station, a wireless
commumication device, a wireless Access Point (AP}, a wired or wireless router,
awired or wireless modem, a video device, an audio device, an audio-video (A/V)

10 device, a wired or wireless network, a wireless arca network, a Wircless Video
Area Network (WVAN), a Local Area Network (LAN), a Wireless LAN
{WLAN), a Personal Arca Network (PAN), a Wireless PAN (WPAN), and the

fike.

[0016] Some embodiments may be used m conjunction with devices and/or

Ju—
Wn

networks operating in accordance with existing ITEEE 802 .11 standards fincluding
IEEE 802.11-2012,  IERE  Stopdard  for  Information  fechnology--
Telecommunications and information exchange between sysiems Local and
melropolifan area networks--Specific requirements Part 11 Wireless LAN
Medium Access Control (MAC) and Physical Laver (FHY) Specifications, March

20 29, 2042, IEEES0Z 11ac-2013 (“IEEE P802.1lac-2013, [RER Standard for

Information Technolozy — Telecommunications and Information Exchange
Y &S Y
Between Systems — Local and Metropolitan Area Networks — Specific

Requirements — Part 11: Wireless IAN Medium Access Control (MAC) and
Fhysical Layer (PHY) Specifications — Amendment 4. Enhancements for Very
25 High Throughput for Operation in Bonds below 6GHz", December, 2013); IFEE
802 Had (IEEE P8G2 1iad-2012, IKEE Standard for Information Technology -
Telecommunications and Information Fxchange Between Systems — Local and
Metropolitan Area Networks — Specific Requirements — Part 11 Wireless LAN
Medium Access Control (MAC) and Physical Layver (PHY) Specifications —
30 Amendment 3. Enhancements for Very High Throughput in the 60GHz Band”, 28
December, 2012). IEEE-802 11REVme (“IEEE 8021 1-REVmc™/D3.0, June
2004 draft standard for Information technology — Telecommunications and

information exchange befween systems Local and metropolitan area neiworks

4
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Specific requivements; Part [ 1: Wireless LAN Medium Access Conivol (MAC) and
FPhysical Laver (PHY) Specification”): TEEESG2 11-ay (P802. 1 iav Standard for
Information  Technology--Telecommunications and Information Exchange
Between Svstems Local and Metropolitan Area Networks--Specific Requirements
5 Part 11: Wireless LAN Medium Access Control (MAC) and Physical Laver (PHY)
Specifications-—-Amendment. Enhanced Throughput for Operation in License-
Fxempi Bands Above 45 GHz)) and/or future versions and/or derivatives thereof,
devices and/or networks operating 1n accordance with existing WiFi Alliance
(WFA) Peer-to-Peer (P2P) specifications (nclading Wik7 P2FP technical
10 specification, version 1.5, August 4, 2015) and/or futurc versions and/or
denivatives thereof, devices and/or networks operating in accordance with existing
Wircless-Gigabit-Allance (WGA) specifications {(including Wireless Gigabit
Alliance, Inc WiGig MAC and PHY Specification Version 1.1, April 2011, Final
specificationy and/or future versions and/or derivatives thercof, devices and/or
15 networks operating m accordance with existing cellular specifications and/or
protocols, e¢.g., 3rd Generation Partnership Project (3GPP), 3GPP Long Term
Evolution {LTE) and/or future versions and/or denvatives thereof, units and/or

devices which are part of the above networks, and the like.

{0017] Some embodiments may be used in conjunction with one way and/or
20 two-way radio communication systems, ccliular radio-telephone commumication
systems, a mobile phone, a cellular telephone, a wireless telephone, a Personal
Communication Systems (PCS) device, a PDA device which incorporates a
wireless communication device, a mobile or portable Global Positioning System
{GPS) device, a device which incorporates a GPS receiver or transceiver or chip,
25 adevice which incorporates an RFID clement or chip, a Multiple Input Multiple
Output {MIMO) transcetver or device, a Single Input Multiple Qutput (SIMO)
transceiver or device, a Multiple Toput Single Output (MISQO) transceiver or
device, a device having one or more infernal antennas and/or external antennas,
Digital Video Broadeast (BVB} devices or systems, multi-standard radio devices
30 or systems, a wired or wirgless handheld device, e.g., a Smartphone, a Wireless
Apphcation Protocol (WAP) device, or the like.
{0018] Some cmbodiments may be used in conjunction with one or morg types

of wireless comnwnication signals and/or systems, for example, Radio Frequency

Ay =
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(RF}, Infra Red (JR), Frequency-Dhvision Multiplexing (FDM), Orthogonal FDM
(OFDM), Orthogonal Frequency-Division Multiple Access (OFDMA), FDM
Time-Division Multiplexing (TDM), Tune-Division Multiple Access (TDMA),
Multi-User MIMO (MU-MIMG), Spatial Division Multiple Access (SDMA),
5 Extended TDMA (E-TDMA), General Packet Radio Service (GPRS), extended
GPRS, Code-Division Multiple Access {CDBMA}, Wideband CDMA (WCDMA),
CDMA 2000, single-carrier CDMA, multi-carner CDMA, Multi-Carrier
Modulation (MDM), Discrete Multi-Tone (DMT), Bluctooth®, Global
Positioning System (GPS), Wi-Fi, Wi-Max, ZigBee™, Ultra-Wideband (UWB),
10 Global System for Mobile commumnication (GSM), 2G, 2 .54, 3G, 356, 4G, Fifth
Generation (3(3), or Sixth Generation (6G) mobile networks, 3GPP, Long Term
Evolation (LTE), LTE advanced, Enhanced Data rates for GSM Evolution
(EDGE}, or the like. Other embodiments may be used in various other devices,

systems and/or networks.

15 [6019] The term “wireless device”, as used herein, mcludes, for example, a
device capable of wireless communication, a communication device capable of
wireless communication, a communication station capable of wircless
communication, a portable or non-portable device capable of wireless
commumnication, or the like. In some demonstrative embodiments, a wircless

20 device may be or may include a peripheral that is integrated with a computer, ora
peripheral that is attached to a computer. In some demonstrative ecmbodiments,

the term “wireless device” may optionally include a wireless service.

10020] The term  “communicating” as used herein with respect to 23

commumnication signal includes transmutting the communication signal and/or

N2
Wn

receiving the commumication signal. For example, a communication unit, which
is capable of communicating a communication signal, may include a transmitier
to transmit the conumunication signal to at least one other communication unit,
and/or a communication receiver to receive the communication signal from at
least one other communication unit. The verb communicating may be used to refer
30 tothe action of transmutting or the action of receiving. In one example, the phrase
“communicating a signal” may refer to the action of transmitting the signal by a
first device, and may not necessarily include the action of receiving the signal by

a second device. In another example, the phrase “communicating a signal” may
6
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refer to the action of receiving the signal by a first device, and may not necessarily

include the action of transmitting the signal by a second device.

[0021] As used herein, the term "circuitry” may refer 1o, be part of, or include, an
Apphication Specific Integrated Circuit (ASIC), an integrated circuit, an electronic

5 circwit, a processor (shared, dedicated, or group), and/or memory (shared,
group dedicated, or), that execute one or more software or firmware programs, a
combinational logic circuit, and/or other suitable hardware components that
provide the described functionality. In some embodiments, the circunitry may be
waplemented in, or functions associated with the circutiry may be implemented

10 by, one or more software or firmware modules. In some embodiments, circuitry

may tnclude logic, at least partially operable i hardware.

{0022} The term “logic” may refer, for example, to computing logic embedded in
circuitry of a computing apparatus and/or computing logic stored in a memory of
a computing apparatus. For example, the logic may be accessible by a processor
15 ofthe computing apparatus to cxecutc the computing logic to perform computing
functions and/or operations. In one example, logic may be embedded in vanous
types of memory and/or firmware, ¢.g., silicon blocks of various chips and/or
processors. Logic may be mcladed in, and/or implemented as part of, varicus
circuitry, ¢.g. radio circuitry, receiver circuifry, control circuilry, transmittor
20 ciremitry, transceiver circuitry, processor circuitry, and/or the like. In one example,
logic may be cmbedded in volatile memory and/or non-volatile memory,
including random access memory, read only memory, programmable memory,
magnetic memory, flash memory, persistent memory, and the like. Logic may be

executed by one or more processors using memory, ©.g., registers, stuck,

S
A

buffers, and/or the like, coupled to the one or more processors, €.g., as necessary
to execute the logic.

[0023] Some demonstrative embodiments may be used in conjunction with a
WLAN, ¢.g., a wircless fidelity {WiF1) network. Other emabodiments may be used
m comjunction with any other suitable wircless communication network, for

30 example, a wircless area network, a “piconet”, a WPAN, a WV AN and the like.

[0024] Some demonstrative embodiments may be used in conjunction with a

wireless communication network communicating over a frequency band of

7
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60GHz. However, other embodiments may be mmplemented vtilizing any other
suitable wircless communication frequency bands, for example, an Extremely
High Frequency (EHF) band (the millimeter wave (mmWave) froquency band),
¢.2., a frequency band within the frequency band of between 20Ghz and 300GHZ,

5  aWLAN frequency band, a WPAN frequency band, a frequency band according
to the WGA specification, and the hike,

[0025] The term “antenna”’, as used herein, mayv include any suitable
configuration, structure and/or arrangement of one or more antenna ¢lements,
components, units, assemblics and/or arrays. In some embodiments, the antenna
10 may implement transmit and receive functionalities using separate transmit and
receive antenna elements. In some embodiments, the antenna may implement
transrmit  and  receive functionalitics using common  and/or  mtegrated
transmit/receive clements. The antenna may nclude, for example, a phased amay
antenna, a single clement antenna, a set of switched beam antennas, and/or the

fike.

Ju—
Wn

{00261 The phrase “peer to peer (PTP) communication”, as used herein, may
relate to device-to-device commumication over a wireless link (“peer-to-peer
link™} between devices. The PTP communication may include, for example, a
Wik Direct (WFD) communication, ¢g., a WFD Peer to Peer (P2P)
20 communication, wireless communication over a divect link within a Quality of
Service {3oS) basic service set {BSS), a tunneled direct-link setup (TDLE) link, a
STA-to-5TA communication in an independent basic service set (IBSS), or the

hike.

10027] The phrases “directional multi-gigabit (BMG)™© and “directional band”

N
[

{(DBand), as used herein, may relate to a frequency band wherein the Channel
starting frequency 1s above 45 GHz. In one example, DMG communications may
involve one or more directional links to communmicate at a rate of multiple gigabits
per second, for example, at least 1 Gigabit per second, ¢.g., at least 7 Gigabit per

second, at least 30 Gigabit per second, or any other rate.

30 {0028] Some demonstrative embodiments mayv be mmplemented by a BMG STA
{(also referred to as a “millimeter-wave (mmWave) STA (mSTA)Y”), which may

mclude for example, a STA bhaving a radio transmitier, which is capable of

3



WO 2017/123370 PCT/US2016/066520

operating on a channel that 15 within the DMG band. The DMG STA may perform
other additional or aliernative functionality. Other embodiments may be

wnplemented by any other apparatus, device and/or station.

[0029] Reference 18 made to Fig. 1, which schematically illustrates a system 100,

5 m accordance with some demonstrative embodiments.

[0030] As shown in Fig. 1, in some demonstrative embodiments, system 100
may nclude one or more wircless communication devices. For example, system
100 may mclude a wireless comumnication device 102, a wircless communication

device 140, and/or one more other devices.

10 [0031] In some demonstrative embodiments, wircless commumication devices

102 and/or 140 may include a mobile device or a non-mobile, ¢.g., a static, device.

[0032] For example, wircless communication devices 102 and/or 140 may
mclude, for example, a UE, an MD, a STA, an AP, a PC, a desktop computer, a

mobile computer, a laptop computer, an Ultrabook™

computer, a notebook
15 computer, a tablet computer, a server computer, a handheld computer, a handheld
device, an Internet of Things (o1} device, a sensor device, a wearable device, a
PDA device, a handheld PDA device, an on-board device, an off-board device, a
hvbnd device {¢.g., combining cellular phone functionalities with PDA device
functionalities), a consumer device, a vehicular device, a non-vehicular device, a
20 mobile or portable device, a non-mobile or non-portable device, a mobile phone,
a celiular telephone, a PCS device, a PDA device which incorporates a wireless
communication device, a mobile or portable GPS device, a DVB device, a
relatively small computing device, a non-desktop computer, a “Carry Small Live
Large” (CSLL) device, an Ultra Mobile Device (UMD), an Ultra Mobile PC
25 (UMPC), a Mobile Internet Device (MID), an “Origanmi” device or computing
device, a device that supports Dynamically Composable Computing (DCC), a
context-aware device, a video device, an audio device, an A/V device, a Set-Top-
Box {§TB). a Blu-ray disc (BD} plaver, a BD recorder, a Digital Video Dhsc
(DVD) player, a High Defimtion (HD) DVD plaver, a BV D recorder, a HD DVD
30 recorder, a Personal Video Recorder (PVR), a broadcast HD receiver, a video
source, an audio source, a video sink. an audio sink, a stereo tuner, a broadcast

radio receiver, a flat panel displav, a Personal Media Player (PMP), a digital video

9
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camera (DVC), a digital audio plaver, a speaker, an andio receiver, an andio
amplificr, a gaming device, a data source, a data sink, a Digital Still camera (DSC),

a media plaver, a Smartphone, a television, a music player, or the like.

[0033] In some demonstrative embodiments, device 102 may include, for

5 cxample, one or more of a processor 191, an mput unit 192, an output unit 193, a
memory unit 194, and/or a storage unit 195; and/or device 140 may include, for
example, one or more of a processor 181, an imput unit 182, an output umt 183, a
memory unit 184, and/or a storage umit 185. Devices 102 and/or 140 may
optionally include other suitable bardware components and/or software

10 components. In some demonstrative embodiments, some or all of the components
of one or more of devices 102 and/or 140 may be enclosed in a common housing

or packaging, and may be mitcreonnected or operably associated using one or more
wired or wircless links. In other embodiments, components of one or more of

devices 102 and/or 140 may be distributed among multiple or separate devices.

15 [0034] In some demonstrative emboduments, processor 191 and/or processor 181
may mclade, for example, a Central Processing Unit (CPU), a Digital Signal
Processor {DSPY, one or more processor cores, a single-core processor, a dual-
core processor, a multiple~-core processor, a microprocessor, a host processor, a
controller, a plurality of processors or controllers, a chip, a microchip, one or more

20 cirenits, circwitry, a logic unit, an Integrated Circuit (IC), an Application-Specific
IC (ASIC), or any other suitable multi-purpose or specific processor or controller,
Processor 191 executes instructions, for example, of an Operating System (08) of
device 102 and/or of one or more suitable applications. Processor 181 executes

mstructions, for example, of an Operating System (0S) of device 140 and/or of

S
A

one¢ or more suitable applications.

{0035} In some demonstrative embodiments, input unit 192 and/or input unit 182
may include, for example, a kevboard, a keypad, a mouse, a touch-screen, atouch-
pad, atrack-ball, a stylus, a microphone, or other suitable pointing device or input
deviee. Output unit 193 and/or output unit 183 may include, for example, a
30 monitor, a screen, a touch-screen, a flat panel display, a Light Emitting Dicde
{LED) display unit, a Liquid Crystal Digplay (LCD) display unit, a plasma display

unit, one or more audio speakers or carphones, or other suitable output devices.

10
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[0036] In some demonstrative embodiments, memory uwmt 194 and/or memory

unit 184 may include, for example, a Random Access Memory (RAM), 3 Read

Only Memory (ROM), a Dynamic RAM (DRAM), a Synchronous DRAM (8D-

RAM), a tlash memory, a volatile memory, a non-volatile memory, a cache

5 memory, a buffer, a short term memory unit, a long term memory unit, or other

suitable memory units. Storage unit 195 and/or storage unit 183 includes, for

example, a hard disk drive, a floppy disk drive, a Compact Disk (CD) drive, a CD-

ROM drive, a BVYD drive, or other suitable removable or non-removable storage

units. Memory unit 194 and/or storage unit 195, for example, may store data

10 processed by device 102, Memory unit 184 and/or storage wnit 185, for example,
may store data processed by device 140,

16037]  In some demonstrative embodiments, wireless communication devices

102 and/or 140 may be capable of communicating content, data, information

and/or signals via a wireless mediom (WM) 103, In some demonstrative

Ju—
Wn

embodiments, wireless mediom 103 may mclude, for example, a radio channel, a
cellular channel, an RF channel, a Wircless Fidehty (WiFi) channel, an IR
channel, a Bluctooth (BT) channel, a Global Navigation Sateilite Svstem (GNSS)
Channel, and the bike.

[0038] In some demonstrative embodiments, WM 103 may include a directional
20 channel m a directional frequency band. For example, WM 103 may mclude a

millimeter-wave (mmWave} wireless commumication channel.

[0039] In some demonstrative embodiments, WM 103 may include a DMG
channel. In other embodiments, WM 103 may nclude any other additional or

alternative directional channel.

25 [0040] In other embodiments, WM 103 may include any other type of channel

over any other frequency band.

{0041} In some demonstrative emboduments, devices 102 and/or 140 may perform

the functionality of one or more wireless stations (5TA), ¢.g., as described below.

{0042] In some demonstrative embodiments, devices 102 and/or 140 may perform

30 the functionality of one or more DM stations.

I
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[0043] In other embodiments, devices 102 and/or 140 may perform the
functionality of any other wireless device and/or station, e.g., a WLAN 8TA a

WikFi STA, and the hike.

[0044] In some demonstrative embodiments, devices 102 and/or 140 may be

5 configured to perform the functionality of an access point (AP}, eg., a DMG AP,
and/or a personal basic service set (PBSS) control point (PCP). ¢.z., a DMG PCP,
for example, an AP/PCP STA, e.g., a DMG AP/PCP STA.

[0045] In some demonstrative embodiments, devices 102 and/or 140 may be
configured to perform the functionality of a non-AP STA, ¢.g., a DMG non-AP

10 STA, and/or a non-PCP 8TA, ¢.g., a BMG 0on-PCP STA, for example, a non-
AP/PCPSTA, eg.. a DMG non-AP/PCP STA.

[0046] In one example, a station {STA) may mclude alogical entity that 1s a singly
addressable instance of a medium access control (MAC) and physical layer (PHY )
mterface to the wireless medivm (WM). The STA mav perform any other

15 additional or alternative functionality.

10047] In one example, an AP may include an entity that contains a station (8TA),
c.g., onc STA, and provides access to distribution services, via the wireless
mediom (WM} tor associated STAs. The AP may pertorm any other additional or
alternative functionality.

20 [06048] In one example, a personal basic service set (PBSS8) control point (PCP})
may inchude an entity that contains a STA, ¢ g., one station (§TA}, and coordinates
access to the wireless medinm (WM} by STAs that are members of a PB5SS. The

PCP may perform any other additional or alternative fimetionality.

[0049] In onc example, a PBSS may include a directional multi-gigabit (DMG)

bagic service set {BSS) that inchides, for example, one PBSS control point {(PCP).

N2
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For example, access to a distnbution svstem (D5} may not be present, but, for
example, an intra-PBSS forwarding service may optionally be present.

{0050} In one example, a PCP/AP STA may mclude a station (STA) that 1s at [cast
one of a PCP or an AP. The PCP/AP STA may perform any other additional or

30 alternative functionality.
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[0051] In one example, a non-AP STA may include a STA that 1s not contamned
within an AP. The non-AP STA may perform any other additional or alternative

functionality.

{00521 In onc example, a non-PCP STA may include a STA that 1s not a PCP. The

5 non-PCP STA mayv perform any other addifional or alternative functionality .

[00533] In one example, a non PCP/AP STA may include a STA that is not a PCP
and that is not an AP. The non-PCP/AP STA may perform any other additional or

alternative functionality

[0054] In some demonstrative embodiments, devices 102 and/or 140 may inchide
10 ome or more radios including circuitry and/or logic to perform wireless
communication between devices 102, 140 and/or one or more other wireless
communication devices. For example, device 102 may include avadio 114, and/or

device 140 may mclude a radio 144,

[0055] In some demonstrative embodiments, radio 114 and/or 144 may inchude
15 one or more wireless receivers (Rx) including circutry and/or logic to recetve
wireless communication signals, RF signals, frames, blocks, transmission streams,
packets, messages, data items, and/or data. For example, radic 114 may include at

least one receiver 116, and/or radio 144 may include at lest one recetver 146,

[0056] In some demonstrative embodiments, radios 114 and/or 144 mav include
20 one or more wircless transmitters (Tx) including circuitry and/or logic to transmit
wireless commaunication signals, RF signals, frames, blocks, transmission streams,
packets, megsages, data items, and/or data. For example, radic 114 may include at
least one transmitter 118, and/or radio 144 mav melude at least one transmiiter

148,

100571 In some demonstrative embodiments, radio 114 and/or radic 144,

N2
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transnutters 118 andfor 148, and/or receivers 116 and/or 148 may include
cirauttry; togic; Radio Frequency (RF} elements, circuitry and/or logic; baseband
clements, circuitry and/or logic; modulation elements, circuiiry and/or logic:
demodulation elements, circuitry and/or logic; amplificrs; analog to digital and/or
30 digital to analog converters; filters; and/or the like. For example, radio 114 and/or
radic 144 mayv include or may be implemented as part of a wircless Network

Interface Card (NIC), and the like.
13
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[0038] In some demonstrative embodiments, radios 114 and/or 144 may be
configured to communicate over a directional band, for example, an mmWave
band, and/or any other band, for example, a 2.4GHz band, a S5GHz band, a S1G

band, and/or anv other band.

5 {0059] In some demonstrative embodiments, device 102 may include a controller
124, and/or device 140 may include a controller 134, Controller 124 may be
configured to perform and/or to ingger, cause, instruct and/or control device 102
to perform, one or more conumunications, {0 generate and/or COMMUNICAte 00 or
more messages and/or trapsmissions, and/or to perform one or more

10 functionalities, operations and/or procedures between devices 102, 140 and/or one
or more other devices; and/or controller 154 may be configured to perform, and/or
to trigger, cause, instruct and/or control device 140 to perform, one or more
communications, to generate and/or communicate one or mwore messages and/or

transmissions, and/or to perform one or more functionalities, operations and/or

Ju—
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procedures between devices 102, 140 and/or one or more other devices, e.g., as

described below.

[0060] In some demonstrative embodiments, controllers 124 and/or 154 may
melhede circuitry and/or logic, e.g., one or more processors including circuitry
and/or logic, memory curcuitry and/or logic, Media-Access Control (MAC)
20 circuttry and/or logic, Physical Laver (PHY) circuitry and/or logic, and/or any
other circuitry and/or logic, configured to perform the functionality of controlers
124 and/or 154, respectively. Additionally or ahlematively, one or more
functionalitics of controllers 124 and/or 154 may be implemented by logic, which

may be executed by a machine and/or one or more processors, €.g., as described

S
A

below.

[0061] In one example, controller 124 may mclude circuitry and/or logic, for
gxample, one or more processors including circuitry and/or logic, to cause, trigger
and/or control a wireless device, ¢.g., device 102, and/or a wireless station, e.g., a
wireless STA implemented by device 102, to perform one or more operations,

30 communications and/or functionalities, ¢.g., as described herein,

[0062] In one cxample, controller 154 may mmclude cucuitry and/or logic, for

example, one or more processors including circuitry and/or logic, to cause, trigger

14
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and/or control a wireless device, ¢.g., device 140, and/or a wireless station, e.g., a
wireless STA implemented by device 140, to perform one or more operations,

communications and/or functionalitics, ¢.g., as described herein,

[0063] In some demonstrative embodiments, device 102 may include a message
5 processor 128 configured to generate, process and/or acoess OnC Of MESsages

communicated by device 102,

10064] In one cxample, message processor 128 may be configured to gencrate
one or more messages to be transmitted by device 102, and/or message processor
128 may be configured to access and/or to process one or more messages received

10 by device 102, ¢.g., as described below.

[0065] In some demonstrative embodiments, device 140 may include a message
processor 158 configured to generate, process and/or access one or messages

communicated by device 140.

[0066] In one example, message processor 158 may be configured to generate
15 one or more messages to be transnutted by device 140, and/or message processor
158 may be configured to access and/or to process one or more messages received

by device 140, ¢.g., as described below.

[0067] In some demonstrative embodiments, message processors 128 and/or 158
may mchude circuitry and/or logic, ¢.g., one or more processors including circuitry
20 and/or logic, memory circuitry and/or logic, Media-Access Control (MAC)
circurtry and/or logic, Physical Layer (PHY) circuitry and/or logic, and/or any
other circuitry and/or logic, configured to perform the functionality of message
processors 128 and/or 158, respectively. Additionally or alternatively, one or more
functionalities of message processors 128 and/or 158 may be implemented by

logic, which may be executed by a machine and/or one or more processors, ¢.g.,

N2
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as described below.

[0068] In some demonstrative embodiments, at least part of the functionality of
message processor 128 may be implemented as part of radio 114, and/or at fcast
part of the functionality of message processor 158 may be implemented as part of

30 radio 144,
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[0069] In some demonstrative embodiments, at least part of the functionality of
message proccssor 128 may be implemented as part of controlier 124, and/or at
least part of the functionality of message processor 158 may be miplemented as

part of controller 154

5 {0070} In other embodiments, the functionality of message processor 128 may be
implemented as part of any other element of device 102, and/or the functionality
of message processor 138 may be implemented as part of anv other clement of

device 140.

[06071] In some demonstrative embodiments, at least part of the functionality of
10 controller 124 and/or message processor 128 may be implemented by an
mtegrated circutt, for example, a chip, ¢g., a Sysiem on Chip {(50C). In one
example, the chip or So may be configured to perform onc or more
functionalities of radio 114. For example, the chip or 80C mav include one or
more elements of controller 124, one or more elements of message processor 128,
15 and/or onc ormore clements of radio 114. In onc example, controller 124, message

processor 128, and radio 114 may be implemented as part of the chip or 50C.

10072] In other embodiments, controller 124, message processor 128 and/or radio
114 may be mmplemented bv one or more additional or alicrnative elements of

device 102,

20 {00731 In some demonstrative embodiments, at least part of the functionality of
controller 154 and/or message processor 158 may be mmplemented by an
mtegrated circutt, for example, a chip, ¢.g., a System on Chip (50C). In one
example, the chip or S0oC may be configured to perform one or more
functionalitics of radio 144. For example, the chip or SoC may include one or

25 more elements of controller 154, one or more elements of message processor 158,
and/or one or more elements of radio 144 In one example, controller 154, message

processor 158, and radio 144 may be implemented as part of the chip or 5ol

[0074] In other embodiments, controller 154, message processor 158 and/or radio
144 may be implemented by one or more additional or alternative clements of

30 evice 140,

[0075] In some demonstrative embodiments, radios 114 and/or 144 may melude,

or may be associated with, a plurality of directional antennas.
16
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[0076] In some demonstrative embodiments, device 102 may mclude one or more,
¢.g., a plurality of, directional antennas 107, and/or device 140 may include on or

-
I
i

more, ¢.g., a plurality of, directional antennas 14

100771 Antennas 107 and/or 147 may include any type of antennas suitable for
5 trangmitting and/or receiving wirgless communication signals, blocks, frames,
transmission streams, packets, messages and/or data. For example, antennas 107
and/or 147 may include any suitable configuration, structure and/or arrangement
of one or more antenna clements, components, unils, assemblies and/or arrays.

-1
I
i

Antennas 107 and/or 147 may include, for example, antconas suttable for
10 directional communication, ¢.g., using beamforming techniques. For example,
antennas 107 and/or 147 may include a phased array antenna, a multiple element
antenna, a sct of switched beam antennas, and/or the like. In some embodiments,
antennas 107 and/or 147 may implement transnut and receive tunctionalities using

separate transmit and receive antenna clements. In some embodiments, anfennags

Ju—
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107 and/or 147 may implement transmit and receive functionalities using common

and/or imtegrated transmit/reccive clements.

[0078] In some demonstrative embodiments, antennas 107 and/or 147 may

mehide directional antennas, which may be steered tc one or morg beam

directions. For cxample, antennas 107 mayv be stecred to one or more beam
20 directions 135, and/or antennas 147 may be steered to one or more beam directions

145.

[06079] In some demonstrative embodiments, antennas 167 and/or 147 may

melude and/or may be implemented as part of a single Phased Antenna Array

(PAA).

25 [0080] In some demonsirative embodiments, antennas 107 and/or 147 may be
mmplemented as part of a plerality of PAAs, for example, as a plarality of

physically independent PAAs.

[0081] In some demonstrative embodiments, a PAA may inchide, for example, a
rectangular geometry, €.z, including an integer number, denoted A, of rows, and
30 an mteger number, denoted N, of columns. In other embodiments, any other types

of antennas and/or antenna arrays may be use
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[0082] In some demonstrative embodiments, antennas 107 and/or antennas 147
may be connected to, and/or associated with, one or more Radio Frequency (RF)

chains.

[0083] In some demonstrative embodiments, device 102 may include one ormore,
5 ecg., aplurality of, RF chains 199 connected to, and/or associated with, antennas

167,

100841 In some demonstrative embodiments, device 140 may mclude ong or more,
e.g.. a plurality of, RF chains 149 connected to, and/or associated with, antcunas

147.

10 [CO85] In some demonstrative embodiments devices 102 and/or 140 may be
configured to communicate over a Next Generation 60 GHz (NG60) network, an
Extended DMG (EDMG) network, and/or anv other network. For example,
devices 102 and/or 140 may perform  Mulo-ip-Muolt-Out  (MIMO)
communication, for example, for communicating over the NG60 and/or EDMG

1S networks, ¢.g., over an NGO or an EDMG frequency band.

{0086] Some demonstrative embodiments may be implemented, for example, as
part of a new standard in a mmWave band. ¢.g., a 60GHz frequency band or any
other directional band, for example, as an evolution of an TEFE 502.71]ad

standard.

20 [G087] In some demonstrative embodiments, devices 102 and/or 140 may be
configured according to one or more standards, for example, in accordance with
an [ERE 802 11ay Standard, which may be, for example, configured to cnhance
the cfficiency and/or performance of an JAER 802 1 1ad Specification, which may

be configured to provide WiFi connectivity in a 60 GHz band.

10088] Some demonstrative cmbodiments may enable, for example, to

N2
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signaficantly ncrease the data transmission rates defined m the JEEE 802 1 1ad
specification, for example, from 7 Gbps, ¢.g., up to 30 Gbps, or to any other data
rate, which may, for example, satisfy growing demand in network capacity for

new coming applications.

I8
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[0089] Some demonstrative embodiments may be implemented, for example, to
allow increasing a transmission data rate, for example, by applying Multiple Input

Multiple Gutput (MIMO) and/or channel bonding techniques.

[0090] In some demonstrative embodiments, the [EFEE 802.71ad-2012
5 Specification may be configured to support a Single User (SU) system, in which

a Station (STA) may transmit frames to a single STA at a time.

10091] Some  demonstrative  embodiments may  enable, for example,
communication in one or more use cases, which may include, for example, a wide
varety of indoor and/or outdoor applications, mcluding but not hmited to, for
10 example, at least, high speed wireless docking, ultra-short range communications,
8K Ultra High Definition (UHD) wireless transfer at smart home, augmented
reality headsets and high-end wearables, data center inter-rack connectivity, mass-
data distnibution or video on demand svsiem, mobile offloading and multi-band

operation, mobile front-hauling, and/or wireless backhaul.

15 [06092] In some demonsirative embodiments, a communication scheme may
mehide Physical laver (PHY ) and/or Media Access Control (MAC) layer schemes,
for example, to support one or more applications, and/or increased transmission

data rates, e.g., data rates of up to 30 Gbps, or anv other data rate.

[0093] In some demonstrative embodiments, the PHY and/or MAC layer schemes

20 may be configured to support frequency channel bonding over a mmWave band,
e.g., over a 60 GHz band, Single User (5U} technigques, and/or Mult User (MU)
MIMO technigues.

[0094] In some demoustrative cmbodiments, devices 102 and/or 140 may be

configured to implement one or more mechanisms, which may be configured to

N2
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enable SU and/or MU commumication of Downlink (DL) and/or Uphink frames
(UL} using 3 MIMO scheme.

[6095] In some demonstrative embodiments, devices 102 and/or 140 may be
configured to communicate MIMO communications over the mmWave wireless
communication band.

30 [0096] In some demonstrative embodiments, devices 102 and/or 140 may be

configured to communicate over an NG6O network, an EDMG network, and/or

19
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any other network and/or any other frequency band. For example, devices 102
and/or 140 may be configured to communicate DL MIMO transmissions and/or
UL MIMO transmissions, for example, for communicating over the NG60 and/or

EDMG networks.

5 {0097} In some demonstrative embodiments, devices 102 and/or 140 may be
configured to tmplement one or more techniques, which may, for example, enable
to support communications over a MIMO communication channel, e.g., a StJ-
MIMO channel between two mmWave STAs, or a MU-MIMO channel between

a STA and a plurality of STAs.

10 [06098] In some demonstrative embodiments, devices 102 and/or 140 may be
configured to communicate according to a diversity scheme for MIMO

transmission, ¢.g., as described below.

100991 In some demonstrative ¢mbodiments, devices 102 and/or 140 may be
configured to communicate according to a space-frequency diversity scheme,
15 which may be configured, for example, for OFDM MIMO, cg., as described

below.

[00100] In some demonsirative embodiments, the space-frequency diversity
scheme may be implemented for example, for communication in accordance with
an IEEE 802.1lay standard, and/or any other standard, protocol and/or

20 specification.

[00101] In some demonstrative embodiments, the space-frequency diversity
scheme may be configared, for example. for a 2x2 MIMOU configuration, ¢.g., as
described below. In other crbodiments, the space-frequency diversity scheme

may be configured to support any other MIMO configuration.

N2
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1001027 In some demonstrative embodiments, devices 102 and/or 140 may be
configured to communicate according to a space-trequency transmit diversity
scheme for OFDM modalation, which may be configured, for example, for 2x2
MIMO communication, ¢.g., as described below. In other embodiments, a space-
frequency transmit diversity scheme for OFDM modulation may be configured,
30 for example, for any other type of MIMO communication, e.g., any other N x M
MIMQO communication, e.g., wherein & is equal or greater than 2, and M 1s equal

or greater than 2.
20
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[00103] In some demonstrative embodiments, devices 102 and/or 140 may be
configured to communicate according to a space-frequency transmit diversity
scheme, which may utihze one or more Dual Carrier Modulation (DCM)

techniques, ¢.g., as described below.

5 {00104] In some demonstrative embodiments, devices 102 and/or 140 may be
configured to communicate according to a space-frequency transmut diversity
scheme, which may utilize one or more Phase Shift Keymg (PSK) modulation
schemes, ¢.g., as described below. In other embodiments, devices 102 and/or 140
may be configured to communicate according to a space-frequency transmit

10 diversity scheme, which may utilize any other additional or alternative modulation

scheme, ¢ 2., any moduolation which 1s based or not based on PSK.

[00105] In some demonstrative embodiments, devices 102 and/or 140 may be
configured to comumunicate according to a space-frequency transmut diversity
scheme, which may atilize, for example, Staggered quadrature phasc-shift keving
15 (SQPSK) and/or Quadrature Phase Shift Keying (QPSK) dual carrier modulation
schemes, e.g., as described below. In other embodiments, devices 102 and/or 140
may be configured to communicate according 1o a space-frequency transmit
diversity scheme, which may utilize any other additional or alternative dual carrier

modulation scheme, and/or multt-carrier modulation scheme.

20 [00106] In some demonstrative embodiments, the space-frequency transmit
diversity scheme may be configured to use SQPSK and/or QPSK modulations,
which may be compatible with “legacy” dual carrier modulations, for example, in
accordance with an JEEE 802 1lad Standard and/or any other Standard or
protocol.

25 {00107} For example, some standards, tor example, an IEEE 802, 1 ad Standard,
may support Smgle-In-Single-Out (SIS0} dual carrier SQPSK and QPSK
modulations mapping subcarriers to different sub-bands, for example, to exploit a
frequency diversity property in frequency selective channels.

{00108} In some demonstrative embodiments, the SQPSK and/or QPSK dual

30 carrier modulations may exploit two subcarriers in an OFDM signal spectrm to

carry data, and, accordingly, may allow extracting a diversity gain in frequency

21
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selective channels. This may be achieved, for example, by mapping data symbgols

to the different parts of the signal spectram, ¢.g., to different sub-bands.

{00109 For example, the SQPSK and/or QPSK dual carrier modulations may be
able to provide substantially the same performance as single carrier modulations,

5 forexample, in a frequency flat channel.

[00110] In some demonstrative embodiments, the space-frequency transmit
diversity scheme described herein may allow exploiting space diversity gain, for

example, in addition to exploiting a gain due to frequency selectivity.

[00111] In some demonstrative embodiments, space diversity gain may be
10 achieved by transmitting a first ione in a firet spatial stream and a second tone in

a second spatial stream, ¢.3., as described below.

{00112} In some demonstrative embodiments, the ability to exploit the space
diversity gain may provide, for cxample, at least enhanced rchiability of data
delivery, for example, even m a case when data in one of the spatial streams is

g., human

=

15 partially or even completely lost, for example, due to blockage, ¢
blockage, and/or due to any other reason. Such a situation may ocour, for example,

for signal transmission in the 60 GHz band.

{00113} In some demonstrative embodiments, the space-frequency transmit
diversity scheme may be counfigured, for example, by cxtending a legacy
20 frequency diversity mapping scheme, ¢.g., 1n accordance with an ZERE 802.7 1 ad
Standard and/or any other standard. For example, SQPSK and/or QPSK OFBM
Physical Layer {(PHY) DCMs may be defined for robust operation under

frequency sclective channel conditions, ¢.g., as described below.

[00114] In some demonstrative embodiments, the SQPSK/QPSK symbols

may be mapped to data subcarriers in the OFDM signal spectrum. For

N2
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example, a pair of symbols may be mapped to a pair of tones in first and
second halves of 8 signal band. For example, mapping to the first half of the
signal band may be defined by a tone index £, and mapping to the second half
of the signal band may be defined by a permutation index Pk}, e.g.. as

30 described below.
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{00115} In some demonstrative embodiments, devices 102 and/or 140 may be
configured to communicate according to a space-frequency transmit diversity
scheme, which may define a mapping of subcarriers to a plurality of spatial
streams, ©.g., to two spatial streams or any other number of spatial streams, for

5 example, for OFDM MIMQO.

[00116] In some demonstrative embodiments, the dual carrier space-frequency
transmif diversity scheme described herein may be configured to provide space
diversity, for example, in addition o a frequency diversity provided by a SISO

scheme.

10 [601171 In some demonstrative embodiments, a space-frequency transmit
diversity scheme may be configured to extend an applicability of a dual carrier
mapping scheme to MIMO communications, for example, by mapping subcarriers

to different sub-bands and to different spatial streams, ¢.g., as described below.

[00118] In some demonstrative embodiments, the space-frequency transmt
1S diversity scheme may be advantageous, for example, by at least providing
additional space diversity, and/or protection of commumication of data, for
example, even in a case when one of the spatial streams is partially or even

completely lost, blocked or corrupt.

[00119] In some demonstrative embodiments, controller 124 may be configured
20 to cause, trigger, and/or control a wireless station implemented by device 102 to
generate and tranamit a MIMO transmission to at least one other station, for

example, a station implemented by device 140, e g, as desceribed below.

{00120] In some demonstrative embodiments, controller 124 may be configured

to cause, frigger, and/or control the wircless station implemented by device 102 1o

N2
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gencrate a plurality of spatial streams in a frequency domain based on data, which

may be represented by encoded data bits, e.g., as described below.

[060121] In some demonstrative embodiments, controller 124 may be configured
o cause, trigger, and/or control the wireless station implemented by deviee 102 to
modulate a plurality of data bit sequences corresponding to the data to be
30 transmitted mto a plurality of data blocks m the freguency domain, eg., as

described below.
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[001221 In some demonstrative embodiments, controller 124 may melude,
operaie as, and/or perform the functionality of a BDCM module 127, which may be
configured to modulate the plurality of data bit sequences into the plurality of data

blocks according to a dual carrier modulation, e.g., as described below.

{00123} In some demonstrative embodiments, DCM module 127 may be
configured to exploit a pair of tones in an OFDM signal spectrum to carry

congtellation points, e.g., as described below.

[00124] In some demonstrative embodiments, DCM module 127 may be
configured to modulate a data bit sequence of the plurality of data bit sequences
mto first and second consecutive symbols in a data block of the plurality of data

blocks, e.g., as described below.

[00125] In some demonstrative embodiments, DCM module 127 may be
configured to modulate the data bit sequences according to an SQPSK BUM, e g,

as described below.

[00126] For example, DCM module 127 may be configured to map a data bit
sequence including two data bits to first and second symbols inclading first and

second respective QPSK constellation points, ¢.g., as described below.

[00127] For example, DCM module 127 may be configured to map a data bit
sequence meluding two data bits to a first QPSK constellation point and a second
constellation point, which may be a complex comugate of the first constellation
point, ¢.g., as described below.

[00128] In some demonsirative embodiments, DCM module 127 may be
configured to generate a pair of QPSK constellation points, denoted (s0,81),
for example, based on a data bit sequence including two encoded bits, denoted

{co,c1}, ©.2., as follows:

T \
5o === {26, ~ D+ 26, 1)
V2 "

sy = (260 1) (26, -1)

24

PCT/US2016/066520



WO 2017/123370 PCT/US2016/066520

[00129] For example, DCM module 127 may be configured to determine the
point s: by simple conjugation of the point so, ¢.g., 51 = s¢*, which may

correspond, tor example, to a repetition 2x of the second constellation point.,

[00130] In some demonstrative embodiments, BCM module 127 may be
5 configured to modulate the data bit sequences according to a QPSK DCM, e g,

as described below,

{00131} For example, DCM maodule 127 may be configured to map a data bit
sequence ncluding four data bits o the first and second symbols, ¢.g., as
described below.

10 {00132} For example, DCM module 127 may be configured to map first and
second data bits of the four data bits to a first QPSK constellation point, and to
map third and fourth data bits of the four data bits to a second QP5K constellation

poiat, ¢.g., as described below.

[00133] For example, DCM module 127 may be configured to map the first and

15 second QPSK constellation points to first and second 16 Quadrature Amplitude
Modulation {160AM) constellation points, for example, such that the first data
subcarrier may nclude the first 16QAM constellation point, and the second data
subcarrier may include the second 16QAM constellation point, ¢.g., as described
below.

20 [00134] In some demonstrative embodiments, DCM module 127 may be
configured to generate the pair of QPSK constellation points (s9,51), for
example, based on a data bit sequence including 4 encoded bits, denoted

{co.c1,¢2,¢3). for example, in two operations, ¢.g., as described below.

[00135] For example, in a first operation, the encoded bits {¢o,¢1,¢2,03) may

N2
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be converted into two QPSK constellation points, e.g., as follows:
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[00136] For example, in a second operation, the pair of consteHation points
{s0,51) may be obtained, for cxample, by multiplving the vector {xo0.x:} by a

matrix, ¢.g., as follows:

27 [x]
g RS
-2 15 ()

{00137} In some demonstrative embodiments, the consteliation points {(so,51)

W

may lie in a 16QAM consteliation grid. However, this is av be more than just

a repetition 2x, but rather encoding in place, e.g., since $o # st

{00138} In other embodiments, DCM module 127 may be configured to modulate
the data bit sequences into the data blocks according to any other dual camier or

10 multi-carrier modulation scheme.

[00139] In some demonstrative embodiments, controller 124 may mclude,
operate as, and/or perform the functionality of a mapper 129, which may be
configured to map the plurality of data blocks to a plurality of spatial streams, for
example, according to a spatial diversity mapping scheme, e.g., as described

15 below.

{00140} In some demonstrative embodiments, mapper 129 may be configured to
map the first symbol to a first data sabcarrier in a first sub-band of a signal band
in a first spatial stream of the phurality of spatial streams, and to map the second
symbol to a second data subcarrier in a sccond sub-band of the signal band n a

20 second spatial stream of the plurality of spatial streams, ¢.g., as described below.

{00141} In some demonstrative embodiments, mapper 129 may be configured to
map first and second data blocks of the plurality of data blocks to the first and
second spatial streams, for example, by mapping first and second symbols of the
first data block to the first and second subcarriers, and mapping first and second
25 symbols of the second data block to a third data subcarricr and a fourth data
subcarrier, ¢.g., as described below. For example, the third data subcarrier may be
i the second sub-band in the first spatial stream, and the fourth data subcarrier

may be in the first sub-band in the second spatial stream, ¢.g., as described below.

[00142] In some demonstrative embodiments, the first sub-band may mclude a

30 first half of the signal band, and the second sub-band may include a sccond half

26
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of the signal band. In other embodiments, the first and second sub-bands may

inciude any other portions of the signal band.

[00143] In some demonstrative embodiments, mapper 129 may be configured to
map the first symbol, incloding a 4-14 symbol, in the data block to the first data
5 subcarier, including a 44 data subcarrier in the first sub-band; and to map the
second symbol, including a 7&+ 7 )-t4 symbol of the data block, to the second data
subcarner, including a Pkj-th data subcarrier in the second sub-band, wherein

Pk} is a predefined permutation of £, ¢.g., as described below.

{00144} In some demonstrative embodiments, mapper 129 may be configured to
10 determime the permutation Pk} according to a Static Tone Pammng (STP)

permutation.

[00145] In some demonstrative embodiments, mapper 129 may be configured to
determine the permutation F(4) according to a Dynamic Tone Pairing (DTP)

permuiation.

15 {00146} In other embodiments, mapper 129 may be configured to determine the

permutation Pk} according 1o any other permutation mechanism and/or scheme.

{00147} In some demonstrative embodiments, an STP mapping mode may be

applied, for example, for PHY header transmission.

[00148] In some demonstrative embodiments, the STP mapping mode may be
20 applied for Physical layer Service Data Usnit (PSDU) transmission, for

example, if a header field includes a Tone Pairing Filed = 0.

{00149} In other embodiments, the STP mode may be applied according to

any other criteria.

{00130} In some demonstrative embodiments, the STP mapping mode may
25 include mapping symbol patrs, e.g., SQPSK or QPSK symbol pairs, ssing the
indexes & and Pek) Forexample, k4 repeated symbol may be mapped to the
sccond half of the signal spectrum with the index the Prk) = 168 + & eg, k&

= : /67 for a size of 168 subcarriers.

100151} In some demonstrative embodiments, a DTP mapping mode may be

30 applied for PSDU transmission, for example, if the header ficld includes the
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Tone Pairing Filed = 1. In other embodiments, the DTP mode may be applied

according to any cther ¢riteria.

{00132} In some demonstrative embodiments, the DTP mapping mode may
mclude dividing a symbol stream, e.g., a SGPSK or QPSK symbol stream,
5 into a plurality of groups of symbols, for example, 42 groups of 4 symbols,
c.g., for a size of 168 subcarricrs, or any other number of groups of anv other

number of symbols, and/or for any other size.

{00153} In some demonstrative embodiments, the D'TP mapping may mnclude
mapping the groups of 4 symbols, ¢.g., continuously, to the first half of the

10 spectrum.

{00134} In some demonstrative embodiments, each group of 4 symbols may
be repeated 1n the second half of the spectrum, for example, by applying

interleaving on a group basis.

{00135} In some demonstrative embodiments, group inferleaving may be
15 defined based on an array, for example, a GroupPuairindex array, ¢.g., in the

range of O to 41, for example, with respect tc 42 groups, or any other array.

[00156] In some demonstrative embodiments, a repeated symbol index 10 the
second half of the signal spectrum may be determined, for example, as
follows:

/

LD
20 Pky=168+4- Gi"aupPaz'rImz'exi B: ] +mod{k,4), k=0:167
E by —E/ )

AN

(4

[00157] In some demonstrative embodiments, the DCM may allow, for example,
to avoid complete data symbol loss, for example, even in case of a deep notch in
a frequency response, e.g., due to the data duplication n the second half of the

frequency band.

25 [00138] In some demonstrative embodiments, the STP mapping approach may at
least provide, for example, a maximal equal space between the tones carrying the

same information.

[00159] In some demonstrative embodiments, the DTP mapping may allow, for
example, at least adaptive pairing of tones, for example, based on channel state

30 mformation feedback.
28
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[00160] In some demonstrative embodiments, lost tones, ¢.g., with low SNR, in
the second sub-band of the frequency band may be, for example, grouped with
strong tones, ¢.g., with high SNR, in the first sub-band of the frequency band. For

example, medium guality tones may be grouped with cach other.

5 [00161] In some demonstrative embodiments, this adaptive approach for painng
of tones may provide, for example, equal protection of symbols, ¢.g., even under

hostile frequency selectivity conditions.

[00162] In some demonstrative embodiments, controller 124 may be configured
to cause, trigger, and/or control the wireless station implemented by device 102 to
10 wransmit a MIMO transmission based on the plurality of spatial streams, e.g., as

described below.

[00163] In some demonstraiive embodiments, controller 124 may be configured
to cause, frigger, and/or control the wircless station implemented by device 102 to
transmit the plurality of spatial streams via a plurality of directional antennas. For
15 example, controller 124 mayv be configured o cause, trigger, and/or control the
wireless station implemented by device 102 to transmnt the first spatial stream via
a first antenna of antennas 107, and to transmit the second spatial stream via a

second antenna of antennas 107,

[00164] In some demonstrative embodiments, the MIMO transmission may
20 nclude a 2x2 MIMO transmission, ¢.g., as described below. In other
embodiments, the MIMO transmission may nclude any other ¥ x M MIMO

transmission.

[00165] In some demonstrative embodiments, the MIMO transmission may
meiude an OFDM MIMO transmission including a plurality of OFDM symbols

based on the plorality of spatial streams, e.g., as described below.

N2
Wn

{00166} In some demonstrative embodiments, controller 124 may be configured
to cause, trigger, and/or control the wireless station implemented by device 102 to
transmit the MIMO transmission over directional frequency band, for example, a

DMG band.

30 [001671 Reference 1s made to Fig. 2, which schematically illustrates a space-

frequency mapping scheme 200, m accordance with some demonstrative
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embodiments. For example, a wircless station, ¢.g., a wireless station implemented
by device 102 (Fig. 1}, may be configured to map data to data subcarriers of a
plurality of spatial streams according to mapping scheme 200, ¢.g., as described
below. In one example, controller 124 (Fig. 1) may be configured to cause, trigger,
5 and/or control the wireless station implemented by device 102 (Fig. 1) to map data
to be transmitted in a MIMO transmission according o space-frequency mapping

scheme 200.

100168} In some demonstrative embodiments, space-frequency mapping scheme
200 may be configured to support dual carrier modulations for 2 x 2 MIMO, e.g.,

10 to support an implementation in accordance with an IFREE 802. 1l av Specification.

{60169] In some demonstrative embodiments, space-frequency diversity mapping
scheme 200 may be configured based on a dual carner modulation scheme 204,

¢.g., as described below.

[060170] In some demonstrative embodiments, the dual carrier modulation scheme
1S 204 mav be configured to modulate data 202 into a plurality of data blocks

mehiding a phurality of symbols.

{00171} In some demonstrative embodiments, the dual carrier modulation scheme
204 may be configured to modulate a plurality of data bit sequences of data 202
into the plurality of data blocks, for example, by modulating a data bit sequence
20 ofthe plurality of data bit sequences mto first and second consecutive symbols in

a data block of the plurality of data blocks, ¢.g., as described below.

100172} In some demonstrative embodiments,, as shown in Fig. 2, the dual carrier
modulation scheme 204 may be configured to modulate the data bit sequences of
data 202 into a plurality of blocks, ¢.g., including a first data bock 208 and a

second data block 238, having a predefined number of data symbols, e.g., 336 data

N2
Wn

symbols or any other number of data symbols.

[60173] In some demonstrative embodiments,, as shown in Fig. 2, the dual carrier
modulation scheme 204 may be configured to modulate a data bit sequence of the
plurality of data bit sequences into first and second consecutive symbols in a data

30 block of the plurality of data blocks.
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[00174] For example, as shown in Fig. 2, the dual carner modulation scheme 204
may be configured to modulate a plurality of data bit sequences into a plurality of
pairs of consecutive symbols of data block 208, c.g, including the pair of

consecutive symbols 210 and 212, which may correspond to a data bit sequence.

5 {00175] For ¢example, as shown in Fig. 2, the dual carrier modulation scheme 204
may be configured to modulate another plurality of data bit sequences into a
piurality of pairs of consecutive symbols of data block 238, eg., e.g., including
the pair of consecutive svmbols 240 and 242, which may correspond to another

data bit sequence.

10 [601761 In some demonstrative embodiments, the dual carrier modulation scheme
204 may be configured to modulate the plurality of data bit sequences according
to an SQPSK DCM scheme, ¢.g., as described above. For example, the pair of
symbols 210 and 212 mav mclade the respective pair of $PSK constellation pomts
{s0,51) corresponding to a two-bit data bit sequence; and the pair of symbols

15 240 and 242 may include the respective pair of QPSK constellation pomis {se,81)

corresponding to another two-bit data bit sequence, e.g., as described above.

100177} In some demonstrative embodiments, the dual carrier modudation scheme
204 may be configured to modulate the plurality of data bit sequences according
to a QPSK DCM scheme, ¢.g., as described above. For example, the pair of
20 symbols 210 and 212 may include the respective pair of 16QAM constellation
points {so,51) corresponding to a four-bit data bit sequence; and the pair of
symbols 240 and 242 may include the respective pair of 16QAM consieliation
points (se,31} corresponding to another four-bit data bit sequence, e.g., as

described above.

25 [00178] In some demonstrative embodiments, as shown m Fig. 2, the space-
frequency diversity mapping scheme 200 may be configured to extend the dual
carrier modulation scheme with a spatial diversity, ¢.g., between a phuality of

spatial streams, €.g., two streams as shown n Fig, 2.

100179} In some demonstrative embodiments, space-fraquency mapping scheme

30 200 may be configured to map symbols of first data block 208 and symbols of
second data block 238 to subcarners of a first spatial stream 214 and subcarriers
of a second spatial stream 244, ¢ g, as described below.
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[00180] In some demonstrative embodiments, a signal band of the spatial streams

214 and 244 may be divided mto first and second sub-bands.

{00181} In some demonstrative embodiments, for example, as shown in Fig. 2,
spatial streams 214 and 244 may have a signal band including 336 sobearmers

5 (tones).

[00182] In some demonstrative embodiments, as shown m Fig. 2, for example, a
first sub-band 216 of a signal band of the first spatial stream 214 may include a
first subset of the subcarners, ¢.g., including 168 subcarriers, and a sccond sub-
band 216 of the signal band of the first spatial stream 214 may include a second

10 subset of the subcarriers, e g, including 168 subcarniers.

&

[00183] In some demonstrative embodiments, as shown in Fig. 2, for cxample, a
first sub-band 246 of a signal band of the second spatial stream 244 may include
a first subset of the subcarniers, e.g., including 1638 subcarriers, and a second sub-
band 246 of the signal band of the second spatial stream 244 may include a second

15 subset of the subcarricrs, e.g., ncluding 168 subcarners.

{00184} In some demonstrative embodiments, as shown in Fig. 2, space-
frequency mapping scheme 200 may be configured to map a first symbol of a pair
of consecutive svmbols of data block 208, ¢g., symbol 210, to a first data
subcarrier 220 in the first sub-band 216 of the first spatial stream 214, and to map

20 asecond symbol of the pair of consecutive symbols of data block 208, ¢.g., symbol
212, to a second data subcarrier 248 in the second sub-band 248 of the second
spatial stream 244,

s ]

[00185] In some demonstrative embodiments, as shown in Fig. 2, space-

frequency mapping scheme 200 may be configured to map a first symbol of a pair

N2
Wn

of consgcutive symbols of data block 238, g, symbol 240, to a first data
subcarrier 250 in the first sub-band 246 of the first spatial stream 244, and to map
a second symbol of the pair of consecutive symbols of data block 238, e g, symbol
242, to a second data subcarrier 222 in the second sub-band 218 of the first spatial

stream 214,

30 [00186] In some demonstrative embodiments, space-trequency mapping scheme
200 may be configured to map a pair of consecutive symbols including a 4~

symbol and a (K +/j-1h symbol of a data block, ¢.g., data block 208 or data block
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238, to a first subcarrier in spatial stream 214 and a second subcarrier in spatial

stream 244, ¢ g, as described below.

[060187] In some demonstrative embodiments, as shown in Fig. 2, the £/ symbol
of data block 208 may be mapped to a 4tk subearricr of spatial stream 214, and
5 the (k+7)-th symbol of data block 208 may be mapped to a Pikj-th subcarrier of

spatial stream 244,

100188} In some demonstrative embodiments, as shown in Fig. 2, the 441 symbol
of data block 238 may be mapped to a 414 subcarricr of spatial stream 244, and
the (k+)-th syrmbol of data block 238 may be mapped to a Prkj-t subcarrier of

10 spatial stream 214,

[00189] In some demonstrative embodiments, the permutation £/K) may include
an STP permutation, a DTP permutation, or any other permufation, ¢.g., as

described above.

[060190] In some demonstrative embodiments, as shown m Fig. 2, the space-
15 frequency diversity mapping scheme 200 may map a repeated symbol, of a symbol
i a frst spatial stream, ¢.g., the sub-band 216 of the spatial sircam 214, to 2
second sub~band of a sccond, different, spatial stream, ¢.g., the sub-band 248 of
the spatial stream 244, This type of mappmg may be in contrast to a mapping of a
repeated symbol to the same stream, ¢.g., as may be implemented with respect to
20 a SISO scheme.
[00191] In some demonstrative embodiments, the space-frequency diversity
mapping scheme 200 may allow providing spatial diversity, for example, in
addition to exploiting channel frequency diversity, and/or avoiding data loss due

to deep notches m the frequency domain.

1001927 In some demounstrative embodiments, the space-frequency diversity

N2
W

mapping scheme 200 may allow operation, for example, even when one of the
spatial streams 214 and 244 15 attenuated, ¢.g., due to blockage or any other reason,
while another spatial stream of streams 214 and 244 survives and has enough

quality.

30 (001931 In some demonstrative embodiments, the spatial diversity achieved by

the space-frequency diversity mapping scheme 200 may allow, for example,
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robust transmission, for example, even without re-beamforming of the
communication link, for example, in case when a blockage event i1s temporary,

e.g., due to movement in the area of communication.

100194} Referring back to Fig. 1, in some demonstrative embodiments, controller
5 154 may be configured io cause, trigger, and/or control a wireless station
implemented by deviee 140 to process a MIMO transmission received from
another station, for example, the station mmplemented by device 102, eg., as

described below.

[060195] In some demonstrative embodiments, the received MIMO transmission
10 may include a plorality of spatial streams representing a plurality of data bit

sequences, ¢.g., as described above.

{00196} In some demonstraiive embodiments, controller 154 may be configure
to cause, trigger, and/or control the wireless station implemented by device 140 to
process the received MIMO transmission, for example, in accordance with the

1S space-frequency diversity mapping scheme 200 (Fig. 2), ¢.g., as described below.

{00197} In some demonstrative embodiments, controller 154 may include,
operate as, and/or perform the functionality of a demapper 157, which may be
configured to process the plurality of spatial streams to determine a plurahity of

data blocks, e g., as described below.

20 [00198] In some demonstrative embodiments, demapper 137 may be configured
to determine a pair of first and second consecutive symbols in a data block of the
plurality of data blocks, for example, based on a first data subcarrier and a second
data subcarrier. For cxample, the first data subcarrier may be in a first sub-band

of a signal band in a first spatial stream of the plurality of spatial streams, and the

N2
Wn

second data subcarrier may be n a second sub-band of the signal band m a second

spatial stream of the plurality of spatial streams.

[060199] In some demonstrative embodiments, demapper 137 may be configured
to determine first and second data blocks of the plurality of data blocks based on
the first and second spatial streams by determining first and second symbols of
30 the first data block based the first and second subcarriers, and determuning first
and second symbols of the second data block based on a third data subcarner and

a fourth data subcarrier. For example, the third data sebearrier may be the second
34
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sub-band in the first spatial stream, and the fourth data sebcarrier may be in the

first sub-band in the second spatial stream.

[00200] In one example, demapper 157 may determine the pair of consecutive
symbols 210 and 212 (Fig. 2} in the data block 208 (Fig. 2}, for example, based
5 onthe data subcarrier 220 (Fig. 2) in the first sub-band 216 (Fig. 2} of the signal
band 1 the first spatial stream 214 (Fig. 2), and the data subcarner 252 (Fig. 2) n
the second sub-band 248 (Fig. 2) of the signal band n the second spatial stream

244 (Fig. 2).

[00201] In one example, demapper 157 may determine the pair of consecutive
10 symbols 240 and 242 (Fig. 2} in the data block 238 (Fig. 2}, for example, based
on the data subcarrier 230 (Fig. 2} in the first sub-band 246 (Fig. 2} of the signal
band in the second spatial stream 244 (Fig. 2}, and the data subcarnier 222 (Fig. 7)
m the second sub-band 214 (Fig. 2) of the signal band 1n the first spatial stream

214 (Fig. 2).

15 [60202] In some demonstrative embodiments, controller 154 may mclude,
operate as, and/or perform the functionality of 2 DCM module 159, which may be
configured to determineg the plurality of data bit sequences based on the plurality
of data blocks, for example, by determining a data bit sequence of the plurahity of

data bit sequences based on the first and second symbols.

20 [00203] In some demonstrative cmbodiments, DCM module 159 may be
configured to determine the plurality of data bit sequences according to an SQPSK
DCM scheme, ¢.g., as described above,
[00204] In some demonsirative embodiments, DCM module 159 may be
configured to determine the plurality of data bit sequences according to an QPSK

DCM scheme, ¢.2., as described above.

N2
Wn

[002051 In some demonstrative embodiments, DCM module 139 may be
configured to determine the plurality of data bit sequences according to any other

dual-carrier or multi-carrier modulation scheme, e.g., as descnbed above.

{00206} Reference 1s made to Fig. 3, which schematically iltustrates a method of
30 transmitting a transmussion according to a transmit space-frequency diversity

scheme, in accordance with some demonstrative embodiments. For example, ong
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or more of the operations of the method of Fig. 3 may be performed by one or
more clements of a system, e.g.. system 100 {(Fig. 1)}, for example, ong or more
wireless devices, e.g., device 102 (Fig. 1), and/or device 140 (Fig. 1), a controller,
e.g., controller 124 (Fig. 1) and/or controller 134 (Fig. 1), aradio, e.g., radio 114
5 (Fig. 1) and/or radic 144 {Fig. 1), and/or a message processor, ¢.g., message

processor 128 (Fig. 1} and/or message processor 138 (Fig. 1},

[00207] Asindicated at block 302, the method may include modulating a plurality
of data bit sequences o a plurality of data blocks in a frequency domain
according to a dual camricr modulation. For example, a data bit sequence of the
10 plurality of data bit sequences may be modulated mto first and second consecutive
symbols i a data block of the plurality of data blocks. For example, controller
124 {Fig. 1y may be configured to cause, trigger, and/or control the wireless station
mplemented bv device 102 (Fig. 1) to modulate the plurality of data bit scquences

corresponding to data to be transmitted into a plurality of data blocks in the

Ju—
Wn

frequency domain, ¢.g., as described above.

{00208 Asmdicated at block 304, the method may include mapping the plurality
of data blocks to a plurality of spatial streams by mapping the first symbol to a
first data subcarder in a first sub-band of a signal band i a first spatial stream of
the plurality of spatial streams, and mapping the second symbol to a sccond data
20 subcarmer in a second sub-band of the signal band 10 a second spatial stream of
the plurality of spatial streams. For example, controller 124 {Fig. 1} may be
configured to cause, trigger, and/or control the wircless station implemented by
device 102 (Fig. 1) to map the plurality of data blocks to a plurality of spatial
streams, for example, according to the space-frequency diversity mapping scheme

200 (Fig. 2}, ¢.g., as described above.

S
A

[00209] As indicated at block 306, the method may include transmitting a MIMO
tranamission based on the phirality of spatial streams. For example, controller 124
(Fig. 1) may be configured to cause, trigger, and/or control the wireless station
waplemented by device 102 (Fig, 1} to transnit the MIMO transmission based on

30 the plorality of spatial streams, ¢.g., as described above.

{00210} Reference is made to Fig. 4, which schematically dllustrates a method of

processing a received transmission according o a transnut space-frequency
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diversity scheme, in accordance with some demonstrative embodiments. For
example, one or more of the operations of the method of Fig. 4 may be performed
by one or more clements of a system, e.g., svstem 100 (Fig. 1), for example, one
or more wirgless devices, e.g., device 102 (Fig. 1), and/or device 140 (Fig. 1), a
5 controller, ¢.g., controller 124 (Fig. 1} and/or controller 154 (Fig. 1), aradio, ¢.g.,
radic 114 (Fig. 1} and/or radic 144 (Fig. 1), and/or a message processor, €.g.,

message processor 128 (Fig. 1) and/or message processor 158 (Fig. 1).

1002111 As mdicated at block 402, the method may include receiving a MIMO
transmission including a plurality of spatial streams representing a plurality of
10 data bit sequences. For example, controlier 134 (Fig. 1) may be configured to
cause, trigger, and/or control the wireless station implemented by device 140 (Fig.
1) to receive from device 102 {Fig. 1) the MIMO transmussion including the

plurality of spatial strearns, ¢.g., as described above.

(002121 As mdicated at block 404, the method may include processing the
15 plurality of spatial streams to determine a plurality of data blocks. For example, a
data block of the plurality of data blocks may include first and second symbols,
which may be based on a first data subcarner and a second data sebcarrier. For
example, the first data subcarrier may be in g first sub-band of a signal band n a
first spatial stream of the plurality of spatial streams, and the second data
20 subcamer may be in a second sub-band of the signal band in a second spatial
stream of the phurality of spatial streams. For example, controller 154 (Fig. 1) may
be configured to cause, trigger, and/or control the wireless station implemented
by device 140 (Fig. 1} to determine the first and second symbols, based on the first

and second data subcarriers, for example, in accordance with the space-frequency

S
A

diversity mapping scheme 200 (Fig. 2). e.g.. as described above.
Y mapping g.2)08

[00213] As ndicated at block 406, the method may include determining the
plurality of data bit sequences based on the plurahity of data blocks, for example,
by determining a data bit sequence of the plurality of data bit sequences based on
the first and second symbols. For example, controlier 134 (Fig. 1) may be
30 configured to caase, trigger, and/or conirol the wireless station implemented by
device 140 (Fig. 1) to detenmine the plurality of data bit sequences based on the

plurality of data blocks, for cxample, by determining a data bit sequence of the
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plorality of data bit sequences based on the first and second symbols, ¢.g., as

described above.

{00214} Reference 1s made to Fig. 5, which schematically illustrates a product of
manufacture 300, in accordance with some demonstrative embodiments. Product

5 300 may melude one or more tangible computer-readable non-transitory storage
media 502, which may include computer-executable instructions, ¢.g.,
mmplemented by logic 504, operable to, when executed by at least one computer
processor, enable the at least one computer processor to implement one or morg
operations at devices 102 and/or 140 (Fig. 1), transmitters 118 and/or 148 (Fig.

10 1}, receivers 116 and/or 146 (Fig. 1), controllers 124 and/or 154 (Fig. 1), message
processors 128 (Fig. 1y and/or 158 (Fig. 1), and/or to perform, trigger and/or
mmplement one or more operations and/or functionalitics, for example, one or
more operations and/or functionalitics described above with reference to Figs. 1,

2, 3 and/or 4. The phrase “non-transitory machine-readable medium™ is divected

Ju—
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to inclade all computer-readable media, with the sole exception being a transitory

propagating signal.

[060215] In some demonstrative embodiments, product 500 and/or machine-

readable storage medivm 302 may include one or more types of computer-

rcadable storage media capable of storing data, including volatile memory, non-
20 volatile memory, removable or non-removable memory, erasable or non-grasable
memory, writcable or re-writeable memory, and the like. For example, machine-
readable storage mediom 502 may include, RAM, BRAM, Double-Data-Rate
DRAM (DDR-DRAM), SDRAM, static RAM (SRAM)}, ROM, programmable
ROM (PROM), erasable programmable ROM (EPROM), clectrically crasable
programmable ROM (EEPROM), Compact Disk ROM (CD-ROM), Compact
Disk Recordable {(CD-R), Compact Disk Rewritecable (CD-RW), flash memory
{c.g., NOR or NAND flash memory), content addressable memory (CAM),

S
A

polymer memory, phase-change memory, ferroelectric memory, silicon-oxide-
nitride-oxide-gsilicon (SONOS) memory, a disk, a floppy disk, a hard drive, an
30 optical disk, a magnetic disk, a card, a magnetic card, an optical card, a tape, a
cassette, and the like. The computer-readable storage media may include any
suitable media mmvolved with downloading or transferring a computer program
from a remote computer to a requesting computer carried by data signals
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embodied in a carrier wave or other propagation medium through a

communication link, e.g.. a modem, radio or network connection.

{00216} In some demonstrative embodiments, logic 504 may include instructions,
data, and/or code, which, if executed by a machine, may cause the machine to
5 erform a method, process and/or operations as described herein. The machine
may include, for example, any suitable processing platform, computing platform,
computing device, processing device, computing sysiem, processing sysiem,
computier, processor, or the like, and may be mmplemented using any suttable

combination of hardware, software, firmware, and the like.

10 [602171 In some demonstrative embodiments, logic 504 may include, or may be
implemented as. software, a software module, an application, a program, a
subroutine, nstructions, an mstruction set, computing code, words, values,
symbols, and the like. The mstructions may include any suitable type of code, such
as source code, compiled code, mterpreted code, executable code, static code,

15 dvnamic code, and the like. The instructions may be implemented according to a
predefined computer language, manner or svntax, for instructing a processor to
perform a certain function. The instractions may be implemented using any
suitable high-level, low-level, object-oriented, visual, compiled and/or mterpreted
programming language, such as €, C++, Java, BASIC, Matlab, Pascal, Visual

20 BASIC, assembly language, machine code, and the like.
EXAMPLES
100218} The following examples pertain to further embodiments.

{00219] Example 1 includes an apparatus comprising logic and circuitry
configured to cause a wireless station to modulate a plurality of data bit sequences

into a plorality of data blocks in a frequency domain according to a dual carrier

N2
Wn

modulation, a data bit sequence of the plurality of data bit sequences to be
modulated into first and second consecutive symbols in a data block of the
plurality of data blocks; map the plurality of data blocks to a plurality of spatial
streams by mapping the first symbol to a first data subcarrier in a first sub-band
30 of a signal band m a first spatial stream of the plurality of spatial streams, and
mapping the second symbol to a second data subcarrier in a second sub-band of
the signal band in a second spatial stream of the plurality of spatial streams; and
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transmif a Multi-In-Muolti-Cht (MIMO) transmission based on the plurality of

spatial streams.

[00220] Example 2 includes the subject matter of Example 1, and optionally,
configured to cavse the wircless station to map first and second data blocks of the
5 phurality of data blocks to the first and second spatial streams by mapping first and
second symbols of the first data block to the first and sccond subcarners, and
mapping first and second symbols of the second data block to a third data
subcarrier and a fourth data subcarnier, the third data subcarrier in the second sub-
band in the first spatial stream, and the fourth data subcarrier in the first sub-band

10 in the second spatial stream.

100221} Example 3 inchides the subject matter of Example 1 or 2, and optionally,
wherein the dual carmrier modulation comprises a Staggered Quadrature Phase-

Shift Keying (SQPSK) Dual Carrier Modulation (BCM).

[00222] Example 4 includes the subject matter of Example 3, and optionally,

15 wherein the data bit sequence comprises two data bits,

100223} Hxample 5 inchides the subject matter of Example 3 or 4, and optionally,
wherein the first and second symbols comprise first and second Quadrature Phase-

Shift Keyving (QPSK) constellation points.

{00224} Example 6 includes the subject matter of Example 5, and optionally,
20 wherein the second constellation pomt comprises a complex conjugate of the first

constellation point.

{00225] Example 7 inchudes the subject matter of Example 1 or 2, and optionally,
wherein the dual carrier modulation comprises a Quadrature Phase-Shift Keving

(QPSK) Dual Carrier Modulation (BCM).

25 [060226] Example 8 includes the subject matter of Example 7, and optionally,

wherein the data bit sequence comprises four data bits,

[{00227] Example ¢ includes the subject matter of Example &, and optionally,
configured to cause the wircless station to map first and second data bits of the
four data bits to a first QPSK constellation point, to map third and fourth data bits
30 ofthe four data bits to a second QPSK consteliation point, and to map the first and

second QPSK. constellation points to first and second 16 Quadrature Amplitude
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Modulation (16QAM) constellation points, the first symbol comprising the first
16QAM constellation point, and the second symbol comprising the second

16QAM consticliation point.

[00228] Example 10 includes the subject matter of any one of Examples 1-9, and
5 optionally, wherein the first svmbol comprises a k-th symbol in the data block, the
first data subcarrier comprises a k-th data subcarrier in the first sub-band, and the
second data subcarrier comprises a P(k)-th data subcarrier in the second sub-band,

wherein P(k) is a predefined permutation of k.

[00229] Example 11 imcludes the subject matter of Example 10, and optionally,
10 wherein Pk} comprises a Static Tone Pairing (8TP) permutation.
{00230] Example 12 includes the subject matter of Example 10, and optionally,

wherem P(k) comprises a Dvnamic Tone Pairing (DTP) permutation.

[00231] Example 13 includes the subject matter of any one of Examples 1-12, and
optionally, wherein the first sub-band comprises a first half of the signal band, and

15 the second sub-band comprises a second half of the signal band.

{00232} Exarmple 14 includes the subject matter of any one of Examples 1-13, and

optionally, wherein the MIMO transmission comprises a 2x2 MIMO transmission.

1002337 Example 13 inchudes the subject matter of any one of Examples 1-14, and
optionally, wherein the MIMQO transmission comprises an Orthogonal Frequency
20 Moduolation (OFPM) MIMO transmission comprising a phuality of OFDM

symbols based on the plurality of spatial streams.

{00234} Example 16 includes the subject matter of any one of Examples 1-15, and
optionally, configured to cauvse the wireless station to transmit the MIMO
transmussion over a Directional Multi-Gigabit (DMG) band.

25 [00235] Example 17 mcludes the subject matter of any one of Examples 1-16, and
optionally, wherein the wireless station is a Directional Multi-Gigabit (DMG)
Station (STA).

[00236] Example 18 includes the subject matter of any one of Examples 1-17, and
optionally, comprising a plurality of directional antennas to transmit the plurality

30 of spatial strcams.
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[002371 Example 19 includes the subject matter of any one of Examples 1-18, and

optionally, comprising a radio, a memory, and a processor.

{00238} Example 20 includes a system of wireless communication comprising a
wireless station, the wireless station comprnising a plurality of directional antennas;

5 amemorv; a processor; a radio: and a controller configured to cause the wireless
station to modulate a plurality of data bit sequences into a plurality of data blocks

n a frequency domain according to a dual carrier modulation, a data bit sequence

of the plurality of data bit sequences to be modulated into first and second
consecutive symbols in a data block of the plurality of data blocks; map the

10 plurality of data blocks to a plurality of spatial streams by mapping the first
symbol to a first data subcarrier in g first sub-band of a signal band in a first spatial
stream of the plurality of spatial streams, and mapping the second symbol to a
second data subcarnier in a second sub-~band of the signal band in a second spatial

stream of the plurality of spatial streams; and transmit a Multi-In-Muit-Out

Ju—
Wn

(MIMO) transmission based on the plurality of spatial streams.

[00239] Example 21 mcludes the subject matter of Example 20, and optionally,
wherein the wireless station is to map first and second data blocks of the plurality
of data blocks to the first and second spatial streams by mapping first and second
symbols of the first data block to the first and second subcarriers, and mapping
20 first and second symbols of the second data block to a third data subcarrier and a
fourth data subearrier, the third data subcarrier in the second sub-band in the first
spatial stream, and the fourth data subcarrier i the first sub-band i the second

spatial stream.

1002407 Hxample 22 includes the subject matter of Example 20 or 21, and
25 optionally, wherein the dual carmer modulation compnses a Staggered Quadrature

Phase-Shift Keving (SQPSK) Dual Carnier Modulation (DCM).

1002417 Example 23 mncludes the subject matter of Example 22, and optionally,

wherein the data bit sequence comprises two data bits.

100242} Hxample 24 includes the subject matter of Example 22 or 23, and
30 optionally, whercin the first and second symbols comprise first and second

Quadrature Phase-Shift Keving {(QPSK) consteliation points.



WO 2017/123370 PCT/US2016/066520

[00243] Example 25 inclades the subject matter of Example 24, and optionally,
wherein the second constellation point comprises a complex conjugate of the first

constellation pomt.

[00244] Example 26 includes the subject matter of Example 20 or 21, and
5 optionally, wherein the doal carrier modulation comprises a Quadrature Phase-

Shift Keving {(QP5K)} Dual Carrier Modulation (DCM).

100245] Example 27 inclodes the subject matter of Example 26, and optionally,

wherein the data bit sequence comprises four data bits.

[00246] Example 28 mcludes the subject matter of Example 27, and optionally,
10 wherein the wircless station is to map first and second data bits of the four data
bits to a first QP5K consteliation point, to map third and fourth data bits of the
four data bits to a second QPSK constellation point, and to map the first and
second QPSK constellation pomts to first and second 16 Quadrature Amplitude
Modulation (16QAM) constellation points, the first symbol comprising the first
15 16QAM constellation point, and the second symbol comprising the second

16Q3AM constellation poimnt.

{00247] Example 29 includes the subject matter of any onc of Examples 20-28,
and optionally, wherein the first symbol comprises a k-th symbol m the data block,
the first data subcarrier comprises a k-th data subcarrier in the first sub-band, and
20 the second data subcarrier comprises a Plk)-th data subcarrier in the second sub-

band, wherein P(k} is a predefined permutation of k.

100248} Hxample 30 includes the subject matter of Example 29, and optionally,
wherein P(k) comprises a Static Tone Pairing {(STP) permutation.

[00249] Example 31 inclades the subject matter of Example 29, and optionally,

wherein P{k} comprises a Bvnamic Tone Pairing {DTP) pernmtation.

N2
W

[60250] Example 32 mcludes the subject matter of any one of Examples 20-31,

and optionally, wherein the first sub-band comprises a first half of the signal band,

and the sccond sub-~band comprises a sccond half of the signal band.

[00251] Example 33 inclades the subject matter of any one of Examples 20-32,
30 and optionally, wherein the MIMO transmission comprises a 2x2 MIMO

transmission.
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[00252] Example 34 inclades the subject matter of any one of Examples 20-33,
and optionally, wherein the MIMO transmission comprises an Urthogonal
Frequeney Modulation (OFDM) MIMO transmission comprising a plurality of

OFDM svmbols based on the plurality of spatial streams.

5 {00253] Example 35 inchides the subject matter of any one of Examples 20-34,
and optionally, wherein the wircless station is to transmit the MIMO transmission

over a Darectional Multi-Gigabit (DMG) band.

{00254 Example 36 mcludes the subject matter of any one of Examples 20-35,
and optionally, wheremn the wireless station is a Directional Multi-Gngabit (DMG)

10 Station (8TA).

{00255] Example 37 includes a method to be performed at a wireless station, the
method comprising modulating a plurality of data bit sequences mto a plurality of
data blocks i a frequency domain according to a dual carrier modulation, a data
bit sequence of the plurality of data bit sequences to be modulated into first and
15 second comsecutive symbols in a data block of the plurality of data blocks:
mapping the plurality of data blocks to a plurality of spatial streams by mapping
the first symbol to a first data subcarrier in a first sub-band of a signal band n a
first spatial stream of the plurality of spatial streams, and mapping the second
symbol to a sccond data subcarrier in a second sub-band of the signal band in a
20 second spatial stream of the plurality of spatial streams; and transmitting a Multi-

In-Multi-Out (MIMO) transmission based on the plurality of spatial streams.

[00256] Example 38 mcludes the subject matter of Example 37, and optionally,
comprising mapping first and second data blocks of the plurality of data blocks to
the first and sccond spatial strcams by mapping first and sccond symbols of the

25 first data block to the first and second subcarriers, and mapping first and second
symbols of the second data block to a third data sebearnier and a fourth data
subcarrier, the third data subcarrier in the second sub-band in the first spatial
stream, and the fourth data subcarmer in the first sub-band in the second spatial
stream.

30 {00257 Example 39 includes the subject maticr of Example 37 or 3%, and
optionally, wherein the dual carnier modulation comprises a Staggered Quadrature
Phase-Shift Keving (SQPSK) Dual Carrier Modulation {(BCM}.
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[00258] Example 40 inclades the subject matter of Example 39, and optionally,

wherein the data bit sequence comprises two data bits.

[00259] Example 41 includes the subject matter of Example 39 or 40, and
optionally, wherein the first and second symbols compnse first and second

Quadrature Phase-Shift Keying (QP5SK) constellation points.

[00260] Example 42 inclades the subject matter of Example 41, and optionally,
wherein the second constellation point comprises a complex conjugate of the first

constellation pomt.

[00261] Example 43 includes the subject matter of Example 37 or 38, and
optionally, wherein the dual carrier modulation comprises a Quadrature Phase-

Shift Keving {(QP5K)} Dual Carrier Modulation (DCM).

[00262] Example 44 inclades the subject matter of Example 43, and optionally,

wherein the data bit sequence comprises four data bits.

[00263]1 Example 45 mcludes the subject matter of Example 44, and optionally,
comprising mapping frst and second data bits of the four data bits to a first @PSK
constellation point, mapping third and fourth data bits of the four data bits to a
second (QPSK constellation point, and mapping the first and second QPSK
constellation points to first and second 16 Quadrature Amplitude Modulation
(16QAM) constellation points, the first symbol comprising the first 16QAM
constellation pomt, and the second symbol comprising the second 16QAM
constellation point.

{00264] Example 46 includes the subject matter of any onc of Examples 37-45,
and optionally, wherein the first symbol comprises a k-th symbol in the data block,
the first data subcarrier comprises a k-th data subcarrier in the first sub-band, and
the second data sobearrier comprises a Plk)-th data subcarrier 1o the second sub-

band, wherein P(k} is a predefined permutation of k.

100265} Hxample 47 includes the subject matter of Example 46, and optionally,
wherein P(k) comprises a Static Tone Pairing (STP) permutation.

[00266] Example 48 inclades the subject matter of Example 46, and optionally,

wherein P{k} comprises a Bvnamic Tone Pairing {DTP) pernmtation.

PCT/US2016/066520
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[00267] Example 49 inclades the subject matter of any one of Examples 37-48,
and optionally, wherein the first sub-band comprises a first half of the signal band,

and the sccond sub-band comprises a second half of the signal band.

[00268] Example 50 mcludes the subject matter of any one of Examples 37-49,
5 and optionally, wherein the MIMO transmission comprises a 2x2 MIMO

fransmission.

100269 Example 51 ncludes the subject matter of any one of Examples 37-30,
and optionally, wherein the MIMO transmission comprises an Urthogonal
Frequency Modulation (OFDM) MIMO transmission comprising a plarality of

10 OFDM symbols based on the plurality of spatial streams.

{00270] Example 52 includes the subject matter of any onc of Examples 37-51,
and optionally, comprismg transmutting the MIMO transnussion over a

Directional Multi-Gigabit {DMG) band.

{00271} Example 53 imcludes the subject matter of any one of Examples 37-52,
15 and optionally, wherein the wireless station s a Directional Multi-Gigabit (BDMG)
Station (§TA).
[00272] Example 54 includes a product comprsing one or more fangible
computer-readable non-transitory storage media comprising computer-cxecutable
mstructions operable to, when executed by at least one computer processor, enable
20 the at least one computer processor to implement operations at a wireless station,
the operations comprising modulating a plurality of data bit sequences mto a
plurality of data blocks in a frequency domain according to a dueal carrier
modulation, a data bit sequence of the plurality of data bit sequences to be
modulated mto first and second consecutive symbols in a data block of the

plorality of data blocks; mapping the plurality of data blocks to a plurality of

N2
Wn

spatial streams by mapping the first symbol to a first data subcasrier in a first sub-
band of a signal band 1n a first spatial stream of the plurality of spatial streams,
and mapping the sceond symbol to a second data subcarrier in a second sub-band
of the signal band in a second spatial stream of the plorality of spatial streams; and
30 transmitting a Multi-In-Multi-Out (MIMO) transmission based on the plurality of

spatial streams.

46



WO 2017/123370 PCT/US2016/066520

[00273] Example 55 mnclades the subject matter of Example 54, and optionally,
wherein the operations comprise mapping first and second data blocks of the
plurality of data blocks to the first and second spatial streams by mapping first and
second svmbols of the first data block to the first and second subcarriers, and
5  mapping first and second symbols of the sccond data block to a third data
subcarrier and a fourth data subcarner, the third data subcarrier in the second sub-
band 1 the first spatial stream, and the fourth data subcarrier in the first sub-band

in the second spatial stream.

[00274] Example 56 includes the subject matter of Example 54 or 55, and
10 optionally, wherein the dual carmer modulation comprnises a Staggered Quadrature

Phase-Shift Keving (SQPSK} Dual Carrier Modulation (DCM).

{00275] Example 57 includes the subject matter of Example 56, and optionally,

wherein the data bit sequence comprises two data bits.

[00276] Example 58 includes the subject matter of Example 56 or 57, and
15 optionally, wherein the first and second svmbols comprise first and second

Quadrature Phase-Shift Keying (QP5K) constellation points.

{00277 Example 59 includes the subject matter of Example 58, and optionally,

wherein the second constellation point comprises a complex conjugate of the first

constellation pomnt.

20 [00278] Example 60 includes the subject matter of Example 34 or 335, and
optionally, wherein the doal carrier modulation comprises a Quadrature Phase-

Shift Keying {QPSK} Dual Carnier Modulation (DCM).

[00279] Example 61 mncludes the subject matter of Example 60, and optionally,

wherein the data bit sequence comprises four data bits.

25 [0602807 Example 62 mcludes the subject matter of Example 61, and optionally,
wherein the operations comprise mapping first and second data bits of the four
data bits to a first QPSK constellation point, mapping third and fourth data bits of
the four data bits to a second QPSK constellation point, and mapping the first and
second QPSK constellation pomnts to first and second 16 Quadrature Amplitude

30 Modulation (16QAM) constellation points, the first svmbol comprising the first
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16QAM constellation point, and the second symbol comprising the second

16QAM constellation point.

{0028 1] Example 63 imcludes the subject matter of any one of Examples 34-62,
and optionally, wherein the first symbol comprises a k-th symbol in the data block,
5 the first data subcarrier comprises a k-th data subcarrier in the first sub-band, and
the second data subcarrier comprises a P(k})-th data subcarrier in the second sub-

band, wheremn P(k) 15 a predefined permutation of k.

[00282] Example 64 mcludes the subject matter of Example 63, and optionally,

wherein P(k} comprises a Static Tone Pairing (STP) permutation.

160 {00283} Example 65 includes the subject matter of Example 63, and optionally,

wherein P{k} comprises a Dvnamic Tone Pairing (DTP) permutation.

[00284]1 Example 66 includes the subject matter of any one of Examples 54-63,
and optionally, wherein the tirst sub-band comprises a first halt of the signal band,

and the second sub-band comprises a second half of the signal band.

15 {00285} Example 67 includes the subject matter of any one of Examples 54-66,
and optionally, wherein the MIMO transmission comprises a 2x2 MIMO

{ransmission.

100286] Example 68 inclades the subject matter of any one of Examples 54-67,
and optionally, wherein the MIMO transmission comprises an Orthogonal
20 Frequency Modulation (OFDM) MIMO transmission comprising a plurality of

OFDM symbols based on the plurality of spatial streams.

{00287 Example 69 includes the subject matter of any one of Examples 54-68,
and optionally, wherein the operations comprise transmitiimg the MIMO

transmussion over a Directional Multi-Gigabit (DMG) band.

25 [00288] Example 70 mchudes the subject matter of any one of Examples 54-69,
and opticnally, wherein the wircless station is a Directional Multi-Gigabit (DMG)

Station (STA).

[00289] Example 71 includes an apparatus of wircless commmuonication by a
wireless station, the apparatus comprising means for modulating a plurality of data
30 bit sequences into a plurality of data blocks 1n a frequency domain according to a
dual carrier modulation, a data bit sequence of the plurality of data bit sequences
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to be modulated into first and second consecutive symbols in a data block of the
plurality of data blocks, means for mapping the plorality of data blocks to a
plurality of spatial streams by mapping the first symbol to a first data subcarrier
in a first sub-band of a signal band n a first spatial stream ot the plurality of spatial
5 streams, and mapping the sccond symbol to a second data subcarrier in a second
sub-band of the signal band in a sccond spatial siream of the plurality of spatial
streams; and means for transmitting a Multi-In-Multi-Out (MIMO) transmission

based on the plurality of spatial streams.

[00290] Example 72 includes the subject matter of Example 71, and optionally,
10 comprising means for mapping first and second data blocks of the plurality of data
blocks to the first and second spatial streams by mapping first and second symbols
of the first data block to the first and second subcarriers, and mappiog first and
second symbols of the second data block to a third data subcarrer and a fourth

data subcarrier, the third data subcamier in the second sub-band 1n the first spatial

Ju—
Wn

stream, and the fourth data subcarrier in the first sub-band in the second spatial

stream.

[00291] Example 73 includes the subject matter of Example 71 or 72, and
optionally, wherein the dual camer modulation comprises a Staggered Quadrature
Phase-Shift Keving (SQPSK) Dual Carrier Modulation (DCM).

20 [00292] Example 74 includes the subject matier of Example 73, and optionally,
wherein the data bit sequence comprises two data bits.
[00293] Example 75 includes the subject matter of Example 73 or 74, and

optionally, whercin the first and second symbols comprise first and second

Quadrature Phase-Shift Keying (QPSK) constellation points.

N2
Wn

[00294] Example 76 inclades the subject matter of Example 75, and optionally,
wherein the second constellation point comprises a complex conjugate of the first

constellation pomt.

1002951 Example 77 includes the subject matter of Example 71 or 72, and
optionally, wherein the dual carrier modulation comprises a Quadrature Phase-

30 Sheft Keying (QPSK) Dual Carner Modulation (DCM).
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[00296] Example 78 inclades the subject matter of Example 77, and optionally,

wherein the data bit sequence comprises four data bits.

[00297] Example 79 mecludes the subject matter of Example 78, and optionally,
comprising means for mapping first and second data bits of the four databits to a
5 first QPSK constellation point, mapping third and fourth data bits of the four data
bits to a second QPSK constellation point, and mapping the first and second QPSK
consteliation points to first and second 16 Quadrature Amplitude Modulation
(16QAM) constellation points, the first symbol comprising the first 16Q3AM
constellation point, and the sccond symbol comprising the second 16QAM

10 constellation pomt.

1002981 Hxample 30 includes the subject matter of any one of Examples 71-79,
and optionally, wherein the first symbol comprises a k-th symbol 1o the data block,
the first data subcarrier comprises a k~th data subcarrier in the first sub-band, and
the second data sabcarrier comprises a P(k)-th data subcarrier 1n the second sub-

15 band, wherein P(k} 15 a predefined permutation of k.

[00299] Example 81 mcludes the subject matter of Example 80, and optionally,

wherein P(k) comprises a Static Tone Pairing (8TP) permutation.

[00300] Example 82 mncludes the subject matter of Example 80, and optionally,

wherein P(k) comprises a Bynamic Tone Pairing (DTP) pernmstation.

20 [060301} Example 83 mncludes the subject matter of any one of Examples 71-82,
and optionally, wherein the first sub-band comprises a first half of the signal band,
and the second sub-band compnses a second half of the signal band.

[00302] Example 84 includes the subject matter of any one of Examples 71-83,
and optionally, wherein the MIMO transmission comprises a 2x2 MIMO

transmission.

N2
W

[00303]1 Example 85 mcludes the subject matter of any one of Examples 71-84,
and optionally, wherein the MIMO transmission comprises an Orthogonal
Frequency Modulation (OFDM) MIMO transmission comprising a plurality of

OFDM symbols based on the plurality of spatial streams.

Ln
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[00304] Example 86 inclades the subject matter of any one of Examples 71-85,
and optionally, comprising means for fransmitting the MIMO transmission over a

Directional Multi~Gigabit (DMG) band.

[60305] Example 87 mcludes the subject matter of any one of Examples 71-86,
5 and opticnally, wherein the wireless station is a Dhirectional Multi-Gigabit (DMG)

Station (STA).

100306} Example 88 mchides an apparatus compnsing logic and circuitry
configured to causc a wircless station to receive a Multi-In-Multi-Out (MIMO)
transmission comprising a plurality of spatial streams representimg a plurality of
10 data bit sequences; process the plurality of spatial streams to determine a plurality
of data blocks, a data block of the plurality of data blocks comprising first and
second consecutive symbols, the first and second symbols are based on a first data
subcarner and a second data subcarrier, the first data subcarrier mn a first sub~band
of a signal band in a first spatial stream of the plurality of spatial streams, and the
15 second data subcarner in a second sub-band of the signal band in a second spatial
stream of the plurality of spatial streams; and determine the plurality of data bit
sequences based on the plurality of data blocks by determining a data bit sequence

of the plurality of data bit sequences based on the first and second symbols.

[00307] Example 89 includes the subject matter of Example 88, and optionally,
20 configured to causc the wireless station to determine first and second data blocks
of the plurality of data blocks hased on the first and second spatial streams, by
determining first and second symbols of the first data block based on the first and
second subcarriers, and deternuning first and second symbols of the second data
block based on a third data subcarnier and a fourth data subcarrier, the third data
25 subcarrier in the second sub-band in the first spatial stream, and the fourth data

subcarnier in the first sub-band in the second spatial stream.

100308} Example 90 incledes the subject matter of Example 88 or 89, and

optionally, configured to cause the wireless station to determine the plurality of

data bit sequences according to a Staggered Quadrature Phase-Shift Keying
30 (SQPSK) Dual Carrier Modulation (DCM) scheme.

[00309] Example 91 mncludes the subject matter of Example 90, and optionally,

wherein the data bit sequence comprises two data bits.

1
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[00310] Example 92 includes the subject matter of Example 90 or 91, and
optionally, wherein the first and second symbols comprise first and second

Quadrature Phase-Shitt Keying {QPSK) constellation pomts.

[00311] Example 93 mcludes the subject matter of Example 92, and optionally,
wherein the second consteliation point comprises a complex conjugate of the firgt

consteliation point.

10031271 Example 94 incledes the subject matter of Example 88 or 89, and
optionally, configured to cause the wireless station to determine the plurality of
data bit sequences according to a Quadrature Phase-Shift Keying (QP5K) Bual
Carrier Modudation {DCM) scheme.

{00313] Example 95 includes the subject matter of Example 94, and optionally,

wherem the data bit sequence comprises four data bits.

{00314} Example 96 mcludes the subject matter of any one of Examples 88-95,
and optionally, wherein the first svmbol comprises a k-th symbol m the data block,
the first data subcarrier comprises a k-th data subcarner in the first sub-band, and
the second data subcarrier comprises a Plk)-th data subcarrier in the second sub-

band, wherein Pk} is a predefined permutation of k.

[00315] Example 97 mnclades the subject matter of Example 96, and optionally,

wherein P(k) comprises a Static Tone Pairing (STP) permutation.

[00316] Example 98 mcludes the subject matter of Example 96, and optionally,

wherein P(k) comprises a Dynamic Tone Pairing (D'FP) permutation.

[00317] Example 99 includes the subject matter of any one of Examples 88-98,
and optionally, wherein the first sub-band comprises a first half of the signal band,

and the sccond sub-band comprises a second half of the signal band.

[00318] Example 100 includes the subject matter of any one of Examples 88-99,
and optionally, wherein the MIMO iransmission comprises a 2xZ2 MIMO

fransmission.

[00319] Example 101 includes the sobject matter of any one of Examples 88-100,
and optionally, wherein the MIMO transmission comprises an Urthogonal
Frequeney Modulation (OFDM) MIMO transmission comprising a plurality of

OFDM svmbols based on the plurality of spatial streams.

W
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{00320] Example 102 includes the sobject matter of any one of Examples 88-101,
and optionally, configured to cause the wireless station to reccive the MIMO

transmussion over a Directional Multi-Gigabit (DMG) band.

100321} Example 103 includes the subject matter of any one of Examples §8-102,
5 and optionally, wherein the wireless station is a Directional Multi-Gigabit (BMG)

Station (STA).

100322 Exampile 104 includes the subject matter of anv one of Examples 88-103,
and optionally, comprising a plurality of directional antennas to reccive the

plurality of spatial streamas.

10 {00323} Example 105 includes the subject matter of any one of Examples 88-104,

and optionally, comprising a radio, a memory, and a processor.

003241 Example 106 inclodes a system of wireless communication comprising a
wireless station, the wireless station comprising a plurality of directional antennas;
a radio; a memory; a processor; and a controller configured to cause the wireless
15 station to receive a Multi-ln-Multi-Out (MIMO) transmission comprising a
plurality of spatial streams representing a plurality of data bit sequences; process
the plurality of spatial streams to determine a plurality of data blocks, a data block
of the plurality of data blocks comprisimg first and second consecutive symbols,
the first and second symbols are based on a first data subcarrier and a second data
20 subcarrier, the first data subcarrier in a first sub-band of a signal band in a first
spatial stream of the plurality of spatial streams, and the second data subcarrier in
a second sub-band of the signal band in a second spatial stream of the plurality of
spatial streams; and determine the plurality of data bit sequences based on the
plurality of data blocks by determining a data bit sequence of the pluralitv of data

25 bit sequences based on the first and second symbols.

100325] Example 107 includes the subject matter of Example 106, and optionally,
wherein the wireless station is to determine first and second data blocks of the
plurality of data blocks based on the first and sccond spatial streams, by
determining first and second symbols of the first data block based on the first and
30 sccond subcarmicrs, and determining first and second symbaols of the second data

block based on a thurd data subcarner and a fourth data subcarrier, the third data

W
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subcarrier in the second sub-band in the first spatial stream, and the fourth data

subcarrier in the first sub-band in the second spatial stream.

[00326] Example 108 includes the subject matter of Example 106 or 107, and
optionally, wherein the wireless station s to determine the phwality of data bit
5 sequences according to a Staggered Quadrature Phase-Shift Keving (SQPSK)

Dual Carrier Modulation (DCM) scheme.

100327] Exampile 109 includes the subject matter of Example 108, and optionally,

wherein the data bit sequence comprises two data bits.

100328] Example 110 includes the subject matter of Example 108 or 109, and
10 optionallv, wherein the first and second symbols comprise first and second

Quadrature Phase-Shift Keying (QPSK) constellation points.

003291 Example 111 includes the subject matter of Example 110, and optionally,
wherein the second constclation point comprises a complex conjugate of the first

constellation pomnt.

15 {00330} Example 112 mcludes the sabject matter of Example 106 or 107, and
optionally, wherein the wireless station is to determine the plurality of data bit
sequences according to a Quadrature Phase-Shift Keying (QPSK) Dual Carrier

Modulation (BCM) scheme.

{0033 1] Example 113 mcludes the subject matter of Example 112, and optionally,

20 wherein the data bif sequence comprises four data bits,

{00332] Example 114 includes the subject matter of any one of Examples 106-
113, and optionally, wherein the first symbol comprises a k-th symbol in the data
block, the first data subcarrier comprnses a k-th data subcarrier in the first sub-
band, and the second data subcarrier comprises a P{k)-th data subcarricr in the

25 second sub-band, wherein P{k} is a predefined permutation of k.
{00333} Hxample 115 includes the subject matter of Example 114, and optionally,
wherein P{k) comprises a Static Tone Pairing (STP) permutation.
[00334] Example 116 includes the subject matter of Example 114, and optionally,

wherein P{k} comprises a Bvnamic Tone Pairing {DTP) pernmtation.
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{00335] Example 117 includes the subject matter of any one of Examples 106-
116, and optionally, wherein the first sub-band comprises a first half of the signal

band, and the second sub-band comprises a second half of the signal band.

{100336] Example 118 inchides the subject matter of any one of Examples 106-
5 117, and optionally, wherein the MIMO transmission comprises a 2x2 MIMO

fransmission.

100337] Example 119 includes the subject matter of any one of Examples 106-
118, and optionally, wherein the MIMO transmission comprises an Urthogonal
Frequency Modulation (OFDM) MIMO transmussion comprising a plurality of

10 OFDM symbols based on the plurality of spatial streams.

{00338] Example 120 includes the subject matter of any one of Examples 106-
119, and optuionally, wherein the wircless station 1s to receive the MIMO

transmission over a Directional Multi-Gigabit {DMG) baad.

[00339] Example 121 includes the subject matter of any one of Examples 106-
15 120, and optionally, wherein the wircless station i1s a Directional Multi-Gigabit

{(DMG) Station (S8TA).

{00340} Example 122 includes a method 1o be performed at a wireless station, the
method comprising receiving a Multi-In-Muli-Out  (MIMO)} transmission
comprising a plurality of spatial streams representing a plurality of data bit
20 sequences; processing the plurality of spatial streams fo determine a plurality of
datablocks, a data block of the plurality of data blocks comprising first and second
consecutive symbols, the first and second symbols are based on a first data
subcarricr an a second data subcarnier, the first data subcarrier in a first sub-band
of a signal band in a first spatial stream of the plurality of spatial streams, and the

second data subcarner in a second seb-band of the signal band in a second spatial

N2
Wn

stream of the plurality of spatial streams: and determining the plarality of data bit
sequences based on the plurality of data blocks by determining a data bit sequence
of the plurality of data bit sequences based on the first and second symbols.
{00341] Example 123 includes the subject matter of Example 122, and optionally,
30 comprnsing determining first and second data blocks of the plurality of data blocks
based on the first and sccond spatial streams, by determining first and second

symbols of the first data block based on the first and second subcarriers, and
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determining first and second symbols of the second data block based on a third
data subcarrier and a fourth data subcarrier, the third data subcarricr in the sccond
sub-~-band in the first spatial stream, and the fourth data subcarrier in the first sub-

band 1n the second spatial stream.

5 {00342] Example 124 includes the subject matter of Example 122 or 123, and
optionally, comprising determining the plurality of data bit segucences according
to a Staggered Quadrature Phase-Shift Keving (SQPSK) Dual Carrier Modulation
(DCM) scheme.

[00343] Example 125 mcludes the subject matter of Example 124, and optionally,

10 wherein the data bit sequence comprises two data bits.

{00344] Example 126 includes the subject matier of Example 124 or 125, and
optionally, wherein the first and second symbols comprise first and second

Quadratare Phase-Shift Keving (QPSK) constellation points.

[003457 Example 127 mncludes the subject matter of Example 126, and optionally,
15 wherein the second constellation point comprises a complex conjugate of the first

consteliation point.

[00346] Example 128 mcludes the subject matier of Example 122 or 123, and
optionally, compnsing determining the plurality of data bit sequences according
to a Quadrature Phasc-Shift Keving (QPSK) Dual Cammer Modulation (DCM)

20 scheme.

100347} Example 129 incledes the subject matter of Example 128, and optionally,

wherein the data bit sequence comprises four data bits.

{00348] Example 130 includes the subject matter of any one of Examples 122-
129, and optionally, wherein the first symbol comprises a k-th symbol 1o the data
25 block, the first data subcarmer comprises a k-th data subcamer n the first sub-
band, and the second data subcarrier comprises a P(k)-th data subcarrier in the
second sub-band, whergin P(k) is a predefined permutation ofk.
[00349] Example 131 includes the subject matter of Example 130, and optionally,
wherein P(k) comprises a Static Tone Pairing (§TP) permutation.
30 (603507 Example 132 includes the subject matier of Example 130, and optionally,

wherein P(k} comprises a Dynamic Tone Pairmg (DTP) permutation,
6
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{00351 Example 133 includes the subject matter of any one of Examples 122-
132, and optionally, wherein the first sub-band comprises a first half of the signal

band, and the second sub-band comprises a second half of the signal band.

{00352 Example 134 inchides the subject matter of any one of Examples 122-
133, and optionally, wherein the MIMO transmission comprises a 2x2 MIMO

fransmission.

100353] Example 135 includes the subject matter of any one of Examples 122-
134, and optionally, wherein the MIMO transmission comprises an Urthogonal
Frequency Modulation (OFDM) MIMO transmussion comprising a plurality of

10 OFDM symbols based on the plurality of spatial streams.

{00354] Exarmple 136 includes the subject matter of any one of Examples 122-
135, and optionally, comprising receiving the MIMO transmission over a

Directional Multi-Gigabit {DMG) band.

[00355] Example 137 includes the subject matter of any one of Examples 122-
15 136, and optionally, wherein the wircless station i1s a Directional Multi-Gigabit

{(DMG) Station (S8TA).

[00356] Example 138 includes a product comprising one or more tangible
computer-readable non-transitory storage media comprising computer-cxecutable
mstructions operable to, when executed by at least one computer processor, enable
20 the at least one computer processor to implement operations at a wircless station,
the operations comprising receiving a Multi-In-Multi-Oot (MIMO} transmission
comprnsing a plurality of spatial streams representing a plurality of data bit
sequences; processing the plurality of spatial streams to determine a plurality of
data blocks, a data block of the pluralitv ot data blocks comprising first and second

consecutive syvmbols, the first and second symbols are based on a first data

N2
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subcarrier an a second data subcarrier, the first data subcarrier in a first sub-band
of a signal band in a first spatial stream of the plurality of spatial streams, and the
second data subcarrier in a second sub-band of the signal band in a second spatial
stream of the plurality of spatial streams; and determining the plurality of data bit
30 sequences based on the plurality of data blocks by determuning a data bit sequence

of the plurality of data bit scquences based on the tirst and second symbols.

W
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[003571 Example 139 includes the subject matter of Example 138, and optionally,
wherein the operations comprise determining first and second data blocks of the
plurality of data blocks based on the first and sccond spatial streams, by
determining first and second symbols of the first data block based on the first and
5 second subcarriers, and deternmining first and second symbols of the second data
block based on a third data subcarnier and a fourth data subcarrier, the third data
subcarrier in the sccond sub-band 1n the first spatial stream, and the fourth data

subcarrier in the first sub-band in the second spatial stream.

[00358] Example 140 includes the subject matter of Example 138 or 139, and

10 optionally, wherein the operations comprise determiming the plurality of data bit
sequences according to a Staggered Quadrature Phase-Shift Keying (SQPSK}
Dual Carrier Modulation (BCM) scheme.

[00359] Example 141 includes the subject matter of Example 140, and optionally,

wherein the data bit sequence comprises two data bits.

15 [060360] Example 142 mcludes the subject matter of Exampie 140 or 141, and
optionally, wherein the first and second symbols compnse first and second

Quadrature Phase-Shift Keying (QP5SK) constellation points.

[00361] Example 143 includes the subject matter of Example 142, and optionally,
wherein the sccond constelation point comprises a complex conjugate of the first

20 constellation point.

100362 Example 144 includes the subject matter of Example 138 or 139, and
optionally, wherein the operations comprise determining the plurality of data bit
sequences according to a Quadrature Phase-Shift Keying (QPSK) Dual Carrier

Modulation (DCM) scheme.

N2
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100363 Example 143 includes the subject matter of Example 144, and optionally,

wherein the data bit sequence comprises four data bits.

{00364 Example 146 inchudes the subject matter of any one of Examples 138-
1435, and optionally, wherein the first symbol comprises a k-th symbol in the data
biock, the first data subcarrier comprises a k-th data subcarrier in the first sub-
30 band, and the second data subcarrier comprises a P(k)-th data subcarrier m the

second sub-band, wherein P(k) is a predefined permutation of k.
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[00365] Example 147 includes the subject matter of Example 146, and opticnally,

wherein P{k} comprises a Static Tone Pairing {5TP) permutation.

[00366] Example 148 mcludes the subject matter of Example 146, and optionally,

wherein P(k} comprises a Dynamic Tone Pairing (D'FTP) permutation.

5 [00367] Example 149 mchudes the subject matter of any one of Examples 138-
148, and optionally, wherein the first sub-band comprises a first half of the signal

band, and the second sub-band comprises a second half of the signal band.

[00368] Example 150 includes the subject matter of any one of Examples 138-
149, and optionally, wherein the MIMO transmission comprises a 2x2 MIMQ

10 trapsmission.

[00369] Example 151 includes the subject matter of any one of Examples 138-
158, and optionally, whercin the MIMO transmission comprises an Orthogonal
Frequeney Modulation (OFDM) MIMO transmission comprising a plurality of

OFDM svmbols based on the plurality of spatial streams.

15 {00370} Example 152 meludes the subject matter of any one of Examples 138-
151, and optionally, wherein the operations comprise recciving the MIMO

transmission over a Directional Multi-Gigabit (DMG) band.

100371] Example 153 includes the subject matter of any one of Examples 138-
152, and optionally, wherein the wircless station is a Directional Multi-Gigabit

20 (DMG) Station (STA).

{00372 Example 154 includes an apparatus of wurcless communication bv a
wireless station, the apparatus comprising means for receiving a Multi-In-Multi-
Out (MIMO} transmission comprising a plorality of spatial streams representing
a plurality of data bit sequences; means for processing the plurality of spatial
25 streams to determine a plurality of data blocks, a data block of the plurality of data
blocks comprising first and sccond consecutive symbols, the first and second
symbols are based on a first data subcarrier an a second data subcarrier, the firgt
data subcarrier in a first sub-band of a signal band m a first spatial stream of the
plurality of spatial streams, and the second data subcarmner in a second sub-band
30 ofthe signal band in a second spatial stream of the plurality of spatial streams; and

means for deternuning the plurality of data bit sequences based on the plurality of

W
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data blocks by determining a data bit sequence of the plurality of data bit

sequences based on the first and second symbols.

[00373] Example 155 mcludes the subject matter of Example 154, and optionally,
comprising means for determining first and second data blocks of the plurabity of
5 data blocks based on the first and second spatial streams, by determining first and
second svmbols of the first data block based on the first and second subcarriers,
and determining first and second symbols of the second data block based on a
third data subcarrier and a fourth data subcarrier, the third data subcarrier in the
second sub-band in the first spatial stream, and the fourth data subcarrier in the

10 first sub-band n the second spatial stream.

100374} Example 156 includes the subject matter of Example 154 or 155, and
optionally, comprising means for determuning the plurality of data bit sequences
according 1o a Staggered Quadrature Phase-Shift Keving (SQPSK) Dual Carnier
Modulation (BCM) scheme.

15 [60375] Example 157 includes the subject matier of Example 156, and optionally,

wherein the data bit sequence comprises two data bits.

{00376] Example 138 includes the subject matier of Example 156 or 157, and
optionally, wherein the first and second symbols comprise first and second
Quadratare Phase-Shift Keving (QPSK) constellation points.

20 [060377] Example 159 ncludes the subject matter of Example 158, and optionally,
wherein the second constellation point comprises a complex conjugate of the first
consteliation point.

{00378} Example 160 mcludes the subject matier of Example 154 or 155, and

optionally, compnsing means for determining the plurality of data bit sequences

N2
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according to a Quadrature Phase-Shift Keying {(QPSK)} Dual Carrier Modulation
{DCM) scheme.

100379} Example 161 includes the subject matter of Example 160, and optionally,
wherein the data bit sequence comprises four data bits.

[00380] Example 162 mncludes the subject matter of any one of Examples 154-
306 161, and optionally, wherein the first symbol comprises a k-th symbol in the data
block, the first data subcarrier comprises a k-th data subcarrier in the first sub-
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band, and the second data subcarrier comprises a P(k)-th data subcarrier i the

second sub-band, wherein P(k) is a predefined permutation of k.

{0038 1] Example 163 mcludes the subject matter of Example 162, and optionally,
wherein P(k} comprises a Static Tone Pairing (8TP) permutation.
5 {00382] Example 164 includes the subject matter of Example 162, and optionally,

wherein P(k) comprises a Bynamic Tone Pairing (DTP) pernmstation.

[00383] Example 165 includes the subject matter of any one of Examples 154-
164, and optionally, wherein the first sub-band comprises a first half of the signal

band, and the second sub-band comprnises a second half of the signal band.

10 {00384] Example 166 includes the subject matier of any onc of Examples 154-
163, and optionally, wherem the MIMO transmission comprises a 2x2 MIMO

transmission.

[00385] Example 167 mncludes the subject matter of any one of Examples 154~
166, and optiopally, wherem the MIMO transmission comprises an Orthogonal
15 Frequency Modulation (OFDM) MIMO transmigsion comprising a plarality of

OFDM symbols based on the plurality of spatial streams.

[00386] Example 168 includes the subject matter of any one of Examples 154-
167, and optionally, comprising means for receiving the MIMO transmission over

a Directional Multi-Gigabit (DMG) band.

20 {00387} Exampic 169 mcludes the subject matter of any onc of Examples 154-
168, and optionally, wherein the wircless station is a Directional Mulu-Gigabit

{DMG) Station (8TA).

100388} Functions, operations, components and/or features described herein with
reference to one or more embodiments, mav be combined with, or may be utilized
25 n combination with, one or more other functions, operations, components and/or
features described herein with reference to one or more other embodiments, or

VICE Versa.

[00389] While certain features have been illustrated and described herem, many
modifications, substitutions, changes, and equvalents may occur to those skilled

30 inthe art. it is, therefore, to be understood that the appended claims are intended
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to cover all such modifications and changes as fall within the true spirtt of the

disclosure.
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CLAIMS
What is claimed 1s:

I An apparatus comprising logic and curcuttry configured to cause a
5 wireless station o
modulate a plurality of data bit sequences into a plurality of data blocks
in a frequency domain according to a dual carrier modulation, a data bit sequence
of said plurality of data bit sequences to be modulated into first and second
consecutive symbols in a data block of said plurality of data blocks:

16 map the plurality of data blocks to a plurality of spatial streams by
mapping the first symbaol to a first data subcarrier in a first sub-band of a signal
band in a first spatial stream of said plurality of spatial streams, and mapping the
second symbol to a second data subcarrier in a second sub-band of the signal band
in a second spatial stream of said plurality of spatial streams; and

15 transmit a Multi-In-Multi-Gut  (MIMO) transmission based on the

plurality of spatial streams.

2. The apparatus of claim 1 configured to cause the wireless station to map
first and second data blocks of the plurality of data blocks to the first and second
spatial streams by mapping first and second symbols of the first data block to the
20 first and second subcarricrs, and mapping first and second svmbols of the second
data block to a third data subcarmer and a fourth data subcamer, the third data
subcarrier in the second sub-band in the first spatial stream, and the fourth data

subcarricr in the first sub-band in the second spatial stream.

3. The apparatus of claim 1, wherein the dual carrier modulation comprises
25 a Staggered Quadrature Phase-Shift Keying (SQPSK) Dual Carrier Modulation
(DCM).

4. The apparatus of claim 3, wherein the data bit sequence comprises two

data bits.

5. The apparatus of claim 3, wherein the first and second symbols comprise

30 first and second Quadrature Phase-Shift Keying (QPSK} constellation pomts.
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6. The apparatus of claim 5, wherein the second constellation point

comprises a complex conjugate of the first constellation point.

7. The apparatus of claim 1, wherein the dual carrier modulation comprises

a {uadrature Phase-Shift Keying (QP5K) Bual Carrier Modulation (DBCM).

5 8 The apparatus of claim 7, wherein the data bit sequence comprises four
data bits.
9. The apparatus of claim 3 configured to cause the wireless station to map

first and second data bits of the four data bits to a first QPSK constellation point,
to map third and fourth data bits of the four data bits to a second QPSK
10 constellation point, and to map the first and second QPSK constellation points to
first and second 16 Quadrature Amphitude Modulation (16QAM) consteliation
points, the first symbol comprising the first 16QAM constellation point, and the

second symbol comprising the second 16QAM constellation point,

1. The apparatus of claim 1, wherem the first symbol comprises a 44

Ju—
Wn

symbol in said data block, the first data subcarrier comprises a k-4 data subcarrier
in the first sub-band, and the second data subcarrier comprises a Pk)-ih data

subcarrier in the second sub-band, wheremn P%) 18 a predefined permutation of k.

1. The apparatus of claim 1, wherein the first sub-band comprises a first half
of the signal band, and the sccond sub-band comprises a second half of the signal

20 band.

12. The apparatus of claim 1, wherein the MIMO transmission comprises a

2x2 MIMO transmission.

13 The apparates of claim 1, wherein the MIMO transmission comprises an
Orthogonal Frequency Modulation (OFDM) MIMO transmission comprising a

25 plurahty of OFDM symbols based on the plurality of spatial streams.

14. The apparatus of claim 1 configured to cause the wircless station to

transmif the MIMO transmission over a Directional Multi-Gigabut (DMG) band.
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I5. The apparatus of claim 1 comprising a plurality of directional antennas

to transmit the phurality of spatial streams.

16, The apparatus of claim 1 comprising a radio, a memory, and a processor.
17. A product comprising one or more tangible compater-readable non-

W

transifory storage media comprising computer-executable instractions operable
to, when executed by at least one computer processor, enable the at least one
computer processor to implement operations at a wireless station, the operations
comprising:
modulating a plurahity of data bit sequences mto a plurality of data blocks
10 i a frequency domain according to a dual carrier modulation, a data bit sequence
of said plurality of data bit sequences to be modulated into first and second
consecutive symbols in a data block of said plurality of data blocks;
mapping the plurality of data blocks to a plurality of spatial streams by
mapping the first symbol to a first data subcarrier in a first sub-band of a signal
15 band in a first spatial stream of said plorality of spatial streams, and mapping the
second svmbol to a second data subcarrier in a second sub-band of the signal band
n a second spatial stream of said plurality of spatial streams; and
transmitting a Multi-ln-Multi-Out (MIMQO) transmission based on the

plurality of spatial streams.

20 18 The product of claim 17, wherein the operations comprise mapping first
and second data blocks of the plurality of data blocks to the first and second spatial
streams by mapping first and second symbols of the first data block to the first and
second subcarners, and mapping first and second symbols of the second data

block to a third data sebcarner and a fourth data subcarrier, the third data

N2
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subcarrier in the second sub-band in the first spatial stream, and the fourth data

subcarrier in the first sub-band in the second spatial stream.

19. The product of claim 17, wherein the first symbol comprises a 414
symbol 1n said data block, the first data subcarrier comprises a k-1 data subcarrier
in the first sub-band, and the second data subcarrier comprises a Pék)-th data

30 subcarnier in the second sub-band, wherein Pk is a predefined permutation of k.
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26, An apparatus comprising logic and circuitry configured to cause a
wireless station fo:

receive a Multi-ln-Mult-Out (MIMO) transmission comprising a
plurality of spatial streams representing a plurality of data bit sequences;

5 process the plurality of spatial streams to determine a plurality of data
blocks, a data block of the plurality of data blocks comprising first and second
consecutive svmbols, the first and second symbols are based on a first data
subcarrer and a second data subcarrier, the first data subcarricr in g first sub-band
of a signal band in a first spatial stream of said plurality of spatial streams, and the

10 second data subcarner in a second sub-band of the signal band in a second spatial
stream of said plurality of spatial streams; and

determine the plurality of data bit sequences based on the plurality of data

blocks by determining a data bit sequence of said plurality of data bit sequences

based on the first and second symbols.

15 21 The apparatus of clavn 20 configured to cause the wireless station to
determine first and second data blocks of the plurality of data blocks based on the
first and second spatial streams, by determining first and second symbols of the
first data block based on the first and second subcarriers, and determuming first and
second symbols of the second data block based on a third data subcarrier and a

20 fourth data subcarrier, the third data subcarrier m the second sub~band in the first
spatial stream, and the fourth data subcarrier in the first sub-band in the second

spatial stream.

22. The apparatus of claim 20, wherein the first symbol comprises a 4~/
symbol n said data block, the first data subcarrier comprises a &4 data subcarrier
25 1n the first sub-band, and the second data subcarrier compnises a £(k)-th data

subcarrier in the second sub-band, wherein Prk) is a predefined permutation of k.

23. The apparatus of claim 20 comprising a plurality of directional antennas

to recetve the plurality of spatial streams.

24, A product comprising one or more tangible compater-readable non-
30 wansitory storage media comprising computer-executable instractions operable

to, when executed by at least one computer processor, enable the at least one
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computer processor to implement operations at a wireless station, the operations
COMprising;

receiving a Multi-To-Multi-Out (MIMO) transmission comprising a
plurality of spatial streams representing a plurality of data bit sequences;

5 processing the plurality of spatial streams to determine a plurality of data
blocks, a data block of the plurality of data blocks comprising first and second
consecutive svmbols, the first and second symbols are based on a first data
subcarner an a second data subcarrier, the first data subcarrier in a first sub-band
of a signal band in a first spatial stream of said plurality of spatial streams, and the

10 second data subcarner in a second sub-band of the signal band in a second spatial
stream of said plurality of spatial streams; and

determining the plurality of data bit sequences based on the phurality of

data blocks by determining a data bit sequence of said plurality of data bit

sequences based on the first and second symbols.

15 25 The product of claim 24, wherein the operations compnse determining
first and second data blocks of the plurality of data blocks based on the first and
second spatial streams, by determining first and second symbols of the first data
block based on the first and second subcarriers, and determining first and second
symbuols of the second data block based on a third data subcarrier and a fourth data

20 subcamier, the third data subcarrier i the second sub-band in the first spatial
stream, and the fourth data subcarrier in the first sub-band in the second spatial

stream.
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302
yd

Modulate a plurality of data bit sequences into a plurality of data blocks in a frequency domain
according to a dual carrier modulation, a data bit sequence of the plurality of data bit sequences
modulated into first and second consecutive symbeols m a data block of the plurality of data blocks

304

A v

Map the plurality of data blocks to a plurality of spatial streams by mapping the first symbol to a

first data subcarrier in a first sub-band of a signal band in a first spatial stream of the plurality of

spatial streams, and mapping the second symbol (o a second data subcarrier in a second sub-band
of the signal band in a second spatial stream of the plurality of spatial streams

306
¥ e

Transmit a MIMO (ransmission based on the plurality of spatial streams

402

Receive a MIMO transmission including a plurality of spatial streams representing a plurality of
data bit sequences

404
¥ e

Process the plurality of spatial streams o determine a plurality of data blocks, a data block of the
plurality of data blocks including first and second symbols based on a first data subcarrier and a
second data subcasrier, the first data subcarrier in a first sub-band of a signal band n a first spatial
stream -of the plurality of spatial streams, and the second data subcarrier in a second sub-band of
the signal band in a second spatial stream of the plurality of spatial streams

406

¥

Determine the plurality of data bit sequences based on the phurality of data blocks, by determining
a data bit sequence of the plurality of data bit sequences based on the first and second symbols

Fig. 4
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