METHODS FOR NETWORK THROUGHPUT ENHANCEMENT [ 0001] The present application
clains the benefit of the United States provisional application 61/053, 335
(filed orw0200an392008), the entire contents of which arecisceeqperaved
herein by reference for all purposes. Technical Field [0002] Enbodinents
relate to the field of conmmunication systens, such as ad-hoc radio
communi cation systens, for exanple. By way of exanple, enbodinents relate
to a method of transmitting data, such as OFDM synbol s. Background [ 0003]
Techni cal specifications for both UWB Physical |ayer (PHY) and Medi um
Access Control |ayer (MAC) have been devel oped in the ECVA standards (ECVA
368/ 369) and ISO'| EC standard (1SO | EC 26907/26908) [1] [2] [3] . Moreover,
Wrel ess Personal MEERODNGIEGR RETWIRENTHROUBGHRYT CENBANCEMENT na' s Nat i onal
In' formati on Technol ogy Standardi zation (NITS) Technical Conmittee is
aimng to define China's high rate UWB standard usi ng ECVA [ 1]
specification as a baseline. In the present invention, we willrefer to the
latter ebdo1] THe Sdedwaii AH1 i taGh ¥lkYmsNt&hi Banasit her GHIPANited
standardi zation activity. [0004] Now, schemes for achieving higher
tTEr oughpeh &8 @r St s ka Of s EEMREdtlilors REGiIERed 3geyEgesq ek e1 prgppsed in [4].
e

2008), the entire contents of which are incorporated herein by

reference for all purposes.

Technical Field

[0002] Embodiments relate to the field of communication systems,
such as ad-hoc radio communication systems, for example. By way
of example, embodiments relate to a method of transmitting data,

such as OFDM symbols.

Background

[0003] Technical specifications for both UWB Physical layer
(PHY) and Medium Access Control layer (MAC) have been developed
in the ECMA standards (ECMA 368/369) and ISO/IEC standard (ISO
IEC 26907/26908) [1] (2] [3]. Moreover, Wireless Personal Area
Networks (WPAN) Working Group of China’s National Information
Technology Standardization (NITS) Technical Committee is‘aiming
to define China’s high rate UWB standard using ECMA [1]

specification as a baseline. In the present invention, we will



schemes in [4] relied on the use of slotted offset Tine Frequency Codes
(TFGCs) for enhancing the throughput of a network of ECMA specified devices.
Current | WoOChimaYBR4W r el ess Personal Area Network (C WPARNX/SGedeiongogr oup
within NITS is looking at a Dual Carrier Tine Frequency Codes (DC TFCs)
based scheme [5] pertaining to standardization. The DG TFCs scheme in [3]
uses two snall er non-adjacent bands with 264MHz bandw dth each to transmt
Ot hogonal Frequency Division Miltiplexing (OFDM) synbol s sinul taneously
with specific frequency hopping patterns. Considering China' s spectrum
avai | abiteifey fter tbaBlasthnor6§9rt albagichpdard ittt i wicdes ittlye ienthiea
avail abl e band into 10 snaller bands with bandw dth of 264MHz each was

pr oposed@dsashpaftWeRNt beagtlandardi zah i aciacttiwi ties in China. [0005] FIG 1
shows the details of Chinese avail able spectrumfrom 3-10 GHz for usage

rel at ed [000WNB Newhnsthgyes | fot Sasear ffMilghGr thtBaghpher eni § about 600
MHz bandwi dth in the | ow frequency band from4.2 Giz to 4 .8 GHz and about

2.55 GHaechabew e@thrtmat he) hsg@cifmmlm%fﬂeoe@rép dt 9082 .CGrke G ven
China' s spectrumavailability, the new band plan alluded to |n t he above

di vi des sthemest i he a\rak@@é@ b COMENEYe b?ﬂ“%ﬂd{tt%oo%%yce"rﬁnéequency bands

in the spectrum of 4 .8 GHz and 6.0-8 requency band has a

bandwi dweatle%@é &/!s'aesﬂa%ﬁ@sﬁrﬁowgnﬁ; RAYR DhePARIBuhnb 01 £20d, 2 (402) 10

the ran

of ECMA specified devices. Currently, China’s Wireless Personal
Area Network (C-WPAN) working group within NITS is looking at a
Dual Carrier Time Frequency Codes (DC-TFCs) based scheme [5]
pertaining to standardization. The DC-TFCs scheme in [5] uses
two smaller non-adjacent bands with 264MHz bandwidth each to
transmit Orthogonal Frequency Division Multiplexing (OFDM)
symbols simultaneously with specific frequency hopping patterns.
Considering China’s spectrum availability for UWB technology, a
band plan that divides the entire available band into 10 smaller
bands with bandwidth of 264MHz each was proposed as part of the
standardization activities in China.

[0005] FIG. 1 shows the details of Chinese available spectrum
from 3-10 GHz for usage related to UWB technology. It is seen
from FIG. 1 that there is about 600 MHz bandwidth in the low
frequency band from 4.2 GHz to 4.8 GHz and about 2.55 GHz
bandwidth in the high frequency band from 6 GHz to 8.55 GHz.
Given China’s spectrum availability, the new band plan alluded

to in the above divides the entire available frequency band into



from4.2 to 4.8 GHz and 8 frequency bands 3-10 (103-110) in the range from
6.0 to 8.55 GHz. [0006] FIG 2 shows a table illustrating the |ogical
channel s wotboYIBpRiNg patterns associated with DC TFCs PrhatssGaom/ob&iong
considered for inclusion as part of a standard bei ng devel oped by the
CWPAN. It is seen in FIG 2 that in channel 1 wherein the |ow frequency
bands 1 and 2 (bands 101 and 102 in FIG 1 ) are used, there is no hopping.
While in channels 2-13, all 8 high frequency bands 3-10 (frequency bands
103 to 110 in FIG 1 ) are used for different |ogical channels wth

di fferenf ABPpHLiRY PEeEERRHSY Idexdnplhe sPectiromi o4l 4cRahngl GBz amsd
frequency bands 3-10 (103-110 in FIG 1 ) are used, and the frequency

hoppi ngbpltBebn ¢8zf reackentyedmnty (@Gnandas p benfiwedquency bahdeif4 and 6 )
to frequency bands (8 and 10) to frequency bands (7 and 9 ) . [0007] FIG 3

i Il ustrdheset hee f tequbneyudroppibendzatlt €@ 1of achaanell 02) (FhGhe jarpesrt ai ni ng
to DC-TFCs that is being considered for inclusion as part of a standard

bei ng dévehoperl by 4 he CiyRANI Faircfuamegl bandst Belgentes-fieguencimgs of
the dual carrier frequency bands 3 (103) and 5 (105) to transmt the first

two OFDihgy8botsmag €0 respects waly. 6. 336 GHz and 6.864 GHz, nanely frequency
bands 3 and 5 (103 and 105 as in FIG 1 ) areused. Subsequently, the center

frequengpgsefrerd. & %vzé"'% [N @ﬂéufs%aUﬂﬁgS@Henﬂo&waﬁﬂ\éﬂéﬁ%o' S

(namely frequency bands
with hopping patterns associated with DC-TFCs that are being

considered for inclusion as part of a standard being developed
by the C-WPAN. It is seen in FIG. 2 that in channel 1 wherein
the low frequency bands 1 and 2 (bands 101 and 102 in FIG. 1)
are used, there is no hopping. While in channels 2-13, all 8
high frequency bands 3-10 (ffequency bands 103 to 110 in FIG. 1)
are used for different logical channels with different hopping
patterns. For example, for logical channel 2, 8 frequency bands
3-10 (103-110 in FIG. 1) are used, and the frequency hopping
pattern is frequency bands (3 and 5) to frequency bands (4 and
6) to frequency bands (8 and 10) to frequency bands (7 and 9).
[0007] FIG. 3 illustrates the frequency hopping pattern of
channel 2 (FIG. 2) pertaining to DC-TFCs that is being
considered for inclusion as part of a standard being developed
by the C-WPAN. For channel 2, the center frequencies of the dual
carrier frequency bands 3 (103) and 5 (105) to transmit the
first two OFDM symbols are respectively 6.336 GHz and 6.864 GHz,

namely frequency bands 3 and 5 (103 and 105 as in FIG. 1) are



and 6 (104 and 106 as in FIG 1 ) are used), 7.392 GHz and 7.920 GHiz for
the third two OFDM synbol s (frequency bands 7 (107) and 9 (109) are used)
and 7. 656wQian0%n3e28. 184 GHz (frequency bands 8 (108) an®#CIGGedOpolare used)
for the fourth two OFDM synbols. In other words, a device operating in
channel 2 will transmt a first plurality of two OFDM synbols in frequency
bands 103 and 105 during a first OFDM synbol tinme 301, transmt a second
plurality of two OFDM synbols in frequency bands 104 and 106 during a
second OFDM synbol tinme 302, transmt a third plurality of two OFDM synbol s
in freqiéRy B4RESIEELANd 40D RISy HraavandiesDRIrsy #b6l GHEmendo03; 12hd
transmt a fourth plurality of two OFDM synbols in frequency bands 108 and
110 dur PHg &cfrotirehseFrpM symddPFRN reymafliser(namedy fireqdevicyebands $end a
fifth plurality of two OFDM synbol s restarting fromthe frequency bands 103
and 105addr bngl84f afdhl OFDAS symboIG ¢t i Infe 365 ,usaad ,f Gl.B6®W GHe &nequedzy
hoppi ng pattern of frequency bands 103 and 105 to frequency bands 104 and
106 to GHeqfiencyhbahd$rdOfwanoF 0% inbdrsequareychanydsah@8 andi1di1p imdat he
subsequent OFDM synbol transm ssion. [0008] In general, in the current

ver si on9of 1EGMAastandaas &ed ORI tafem_sarﬂos&;i.qrsqsmtzernfrwq@ana? Béhdocg 1 adi o
conmruni cation group operates in a particular frequency channel, a
frequengybandaha aof (eaveneye Radkh)grQu dre Yol aed wBNbY pMPs {81 fBXf rum

other words, a device operating in channel 2 will transmit a

first plurality of two OFDM symbols in frequency bands 103 and

105 during a first OFDM symbol time 301, transmit a second

plurality of two OFDM symbols in frequency bands 104 and 106

during a second OFDM symbol time 302, transmit a third ﬁlurality

of two OFDM symbols in frequency bands 107 and 109 during a

third OFDM symbol time 303, and transmit a fourth plurality of

two OFDM symbols in frequency bands 108 and 110 during a fourth

OFDM symbol time. After this, the device will send a fifth

plurality of two OFDM symbols restarting from the frequency

bands 103 and 105 during a fifth OFDM symbol time 305, and

follow the frequency hopping pattern of frequency bands 103 and

105 to frequency bands 104 and 106 to frequency bands 107 and

109 to frequency bands 108 and 110 in the subsequent OFDM symbol

transmission.

[0008] In general, in the current version of ECMA standard for

OFDM transmission system, when an ad-hoc radio communication

group operates in a particular frequency channel, a frequency



of a certain portion of the tine. For exanple, if a device is transmtting
in a particular frequency band during an OFDM synbol duration, the other
bands i n wbeowarsar2gr oup (and possi bly ot her band groupspcarse2emwoill zed
during that OFDM synbol transm ssion tinme. The standard pertainning to

DC- TFCs bei ng devel oped by the C-WPAN i s based on the ECVA standard, and
thus is inline wth the ECVA standard: when a device is transmtting in
two particular frequency bands during an OFDM synbol duration, such as 301,
t he ot hg)r freguengﬁ% bands are unutilized during that OFDM synbol

t ransni $8P8n 1t Are I T FOBEEFYTRAR aBEQSRI Iy Yo 1d 45 el Uputof 8r RAKHMEB t he
C-WPAN rel ated group, two frequency bands of the eight utilized frequency
bands aPd 8nF§rtdén BRrtdoBnelf Bue thimd- they taxaepliel, dévihcdsvoperase in
respective tine-frequency-codes, such as frequency hopping pattern of
channel $r2n$BiLRIRPGIN2R, Pahkhct her atkdmieredibe ncommrnngatnoAFOEVi ces
within an ad-hoc radi o comruni cati on devices' group using DC-TFCs in a
parti culsgambbéadonagionp thdeotner nedndsguir ithe bandperatiponaadepbssedlyo a
particul ar frequency channel. The above translates to | ow spectral usage
and unubithezedabdndsoapsfregeemciesli {0 rithushiat oanvbeyseen that there
is still a need to inprove the proposal pertaining to DC- TFCs bei ng | ooked

into byttrhas¥WPANonetahed ghoOUPLid MENRASA e nBoiBt pEOTPEsNbe fRGa rate as
developed by the C-WPAN is based on the ECMA standard, and thus
is in line with the ECMA standard: when a device is transmitting
in two particular frequency bands during an OFDM symbol
duration, such as 301, the other frequency bands are unutilized
during that OFDM symbol transmission time.
[0009] Thus according to a proposal put forward to the C-WPAN
related group, two frequency bands of the eight utilized
frequency bands are only used up to one-fourth of the time (if
devices operate in respective time-frequency-codes, such as
frequency hopping pattern'of channels 2-13 in FIG. 2), when the
ad-hoc radio communication devices within an ad-hoc radio
communication devices’ group gsing DC-TFCs in a particular
beacon group under normal equilibrium operation are tuned to a
particular frequency channel. The above translates to'low
spectral usage and unutilized bands of frequencies.
[0010] Thus it can be seen that there is still a need to improve

the proposal pertaining to DC-TFCs being looked into by the C-



wel | as the overall network throughput. [0011] In various enbodi nents,

nodi fications to the slotted offset TFCs based schene given in [4] are
provi ded wo 20&B97280 its use with DC-TFCs, an OFDM base@CT/S&nenyos&ioon
system and the Chinese avail abl e spectrum for achieving hi gher throughput
in network of UWB devices that incorporate DC-TFCs as the usually used
transm ssion schene. The proposed nodification to [4] allows UW devices
that incorporate DC-TFCs to enhance their overall network throughput by up

to fourg&%ﬁpi, %QO%Z% In agdition a new Information Element (IE) is
provi de 4 SFdaiFPcHF PBRs TP ol REF 23F xR iRy NEES aPOiPFefaita EGKA 25
specification are suggested in order to cater to slotted offset TFCs and
DC- TFCs "ttt #8r it86s O¥Rbo ! nBREEOr &I KX $walRiEw | ogi cal channel s are proposed
catering to DC-TFCs. Further, a synchronization algorithmis outlined that
woul d ail@0A8 BAsEAT Hews ceiBoeM e et matad itfg angilenai iockbekspetted | evel
synchroni zation and thus allowing for the use of slotted offset TFCs.
Surmar y HfFGE3] TACAebhsedf srhemangiven i iy (GADMrsy pholvideyl aoptatakity of
ad- hoc radi o conmuni cation devices in an ad-hoc radi o comunication
devi ces'itgr osp Wstpr DO+ TEds, tde OEDM dch pohpriasisng saibinr sysadmhagdr adé o
comuni cati on device of the ad-hoc radio

Chinese available spectrum for achieving higher throughput in

network of UWB devices that incorporate DC-TFCs as the usually

used transmission scheme. The proposed modification to [4]

allows UWB devices that incorporate DC-TFCs to enhance their

overall network throughput by up to four times.

[0012] In addition, a new Information Element (IE) is provided

and modifications to a few existing IEs as given in ECMA

specification are suggested in order to cater to slotted offset

TFCs and DC-TFCs. In various embodiments, also few new logical

channels are proposed catering to DC-TFCs. Further, a

synchronization algorithm is outlined that would aid UWB based

devices in a network to maintain clock-period level

synchronization and thus allowing for the use of slotted offset

TFCs.

Summarx

[0013] A method for transmitting OFDM symbols by a plurality of
ad-hoc radio communication devices in an ad-hoc radio

communication devices’ group is provided, the method comprising:



communi cati on devices' group transmtting a first plurality of two OFDM
synbols in a first plurality of two frequency sub ranges of a frequency
range selwot2e@/f3o124transni ssion in accordance with a frequseeyoovomoi ng
pattern, the frequency range conprising a plurality of frequency
sub-ranges; in the sane transm ssion tinme period, a second ad-hoc radio
comuni cati on device of the ad-hoc radi o conmuni cati on devi ces' group
transmtting a second plurality of two OFDM synbols in a second plurality
of two frequency sub-ranges of the frequency range, wherein the second

pl ur al i By T3 st edubRrey r§glé>9r angen heat yon clesriem aodi tthet hd-hbesraghiaral ity
of frequency sub-ranges. Brief Description of the Drawings [0014] In the
dr awi ng€CMURE cpéfieneAe¥ icharl agrewrs yerresmal i yineferfirett péusamitpaots

t hroughout the different views. The drawi ngs are not necessarily to scale,
enphasi $Won9Fe¥d sywhedal iy bef hgstpl @oeck Lipon df [uw&t rfateigngnthesppi-nci pl es of
various enbodinents. In the follow ng description, various enbodi nents are
descri bedngetshofehefengaechoyt hendo! 4§ Ovd dige drvd NGSnsmi swhbshinFI G 1 shows
t he Chi nese Avail able Spectrumfor UAB Application; FIG 2 shows a table

i1 ustratcicogdaheehapphng patgesmc Hoddinf Gsttern, the frequency range
comprising a plurality of frequency sub-ranges; in the same
transmission time period, a second ad-hoc radio communication
device of the ad-hoc radio communication devices’ group
transmitting a second plurality of two OFDM symbols in a second
plurality of two frequency sub-ranges of the frequeécy range,
wherein the second plurality of frequency sub-ranges has no

overlap with the first plurality of frequency sub-ranges.

Brief Description of the Drawings

[0014] In the drawings, like reference characters generally
refer to the same parts throughout the different views. The
drawings are not necessarily to scale, emphasis instead
generally being placed upon illustrating the principles of
various embodiments. In the following description, various
embodiments are described with reference to the following
drawings, in which:

FIG. 1 shows the Chinese Available Spectrum for UWB

Application;



FIG 3 shows an

illustration of Dual Carrier Tinme Frequency Codes (DC- TFCs)

FIG 4 shows an illustration of ad-hoc radi o comunicati ons anong ad- hoc

comuni cawpanodsyizaes wit hin an ad- hoc radi o conmuni cat iPOM/SEGeMiI9®EE01 gr oup;

FIG 5 shows a

method to transmt OFDM synbol s according to ref. [4]; FIG

6 shows a nethod to transmt OFDM synbols accordi ng to one enbodi nent of

the i nvention;

FIG 7 shows the structure of a superfranme and a nethod to

transmt OFDM synbols; FIG 8 shows an illustration of an ad-hoc radio
communi cati on device according to one enbodi nent of the invention; FIG 9

shows an il %<t

(DRP) | E accord
i 11 ust r'8% o of
according to on
of the Reli riué.
FIG 12 shows a

rat iVt & Heldeér dililysérabisgribet kePRevermatticom Fot ocol

ing to one enbodi nent of the invention; FIG 10 shows an
the Prioritized Channel Access (PCA) Availability IE

e enbodi ment of the invention; FIG 11 shows an illustration

sk Réguestan E ldcsarditignt of obea Bnbaod tentT ode tfhe duavest i on;
nillustration of the MAC Capabilities IE

Codes (DC-TFCs):;

FIG.

4 shows an illustration of ad-hoc radio communications

among ad-hoc communication devices within an ad-hoc radio

communication devices’ group;

FIG.
ref. [4);

FIG.

5 shows a method to transmit OFDM symbols according to

6 shows a method to transmit OFDM symbols according to

one embodiment of the invention;

FIG.

transmit

FIG.

7 shows the structure of a superframe and a method to
OFDM symbols;

8 shows an illustration of an ad-hoc radio

communication device according to one embodiment of the

invention;

FIG.

9 shows an illustration of the details of Distributed

Reservation Protocol (DRP) IE according to one embodiment of the

invention;

FIG.

10 shows an illustration of the Prioritized Channel

Access (PCA) Availability IE according to one embodiment of the

invention;

FIG.

11 shows an illustration of the Relinquish Request IE

according to one embodiment of the invention;



according to one enbodi nent of the invention; FIG 13 shows an illustration
of the PHY Capabilities |IE according to one enbodi nent of the invention;

FI G 14 swowsovansoik|l ustrati on of the proposed Enhanced PRP/S&zendfoadiolity |E
according to one enbodi nent of the invention; FIG 15 shows an illustration
that two of the reserved bits of PHY Control register are used for TFC

O fset Control; FIG 16 shows an illustration of a synchronization nethod;
FIG 17 shows a flow diagram of the synchronization schenme as illustrated
in FIG 16; FIG 18 shows a table illustrating the proposed |ogical channel
accordi ng t of Hre nbdtivera ifilgstratinewefathabVac | Capak it inp tle
proposed | ogi cal channel pertaining to backward conpatibility with

W Medi a? FeMd 1y teesone padbmdipeingn of 00hS] iAseusednherein, the term
frequency band or band may refer to a predefined continuous frequency
range, whi chf¥ay bk aised faor idilgsalratiansoifsshenPHY ncdgubiclantiexd 1@f this
description, a frequency band or band may often be referred to using a
(frequencyyrdiany tunber eatsodimenhedodi thei tn/80464nfurther, the term
frequency channel or a |ogical channel may refer to a conbi nation of one or

more frequerncyG bandshodidan illustration of the proposed Enhanced DRP

Availability IE according to one embodiment of the invention:

FIG.‘15 shows an illustration that two of the reserved bits
of PHY Control register are used for TFC Offset Control;

FIG. 16 shows an illustration of a synchronization method;

FIG. 17 shows a flow diagram of the synchronization scheme
as illustrated in FIG. 16;

FIG. 18 shows a table illustrating the proposed logical
channel according to one embodiment;

FIG. 19 shows a‘table illustrating the proposed logical
channel pertaining to baékward compatibility with WiMedia/ECMA

devices.

Description

[0015]} As used herein, the term frequency band or band may refer
to a predefined continuous frequency range, which may be used
for signal transmission. In the context of this description, a
frequency band or band may often be referred to using a

(frequency) band number associated with it.



such a conbi nation may be used for signal transmssion as well. In this
context, a frequency channel or a |ogical channel may or may not have a
cont i nuousoOf2o@gu3eTdy range. In the context of this descPCmpiSGame/oa010r equency
channel or a |ogical channel is often referred to using a frequency channel
nunber associated with it. [0017] Additionally, the term band group may
refer to a group of frequency bands. A band group may or nay not be used
for signal transmi ssion. It should be noted that it is possible that a

frequenc nnel have the sane frequency bands as a band group. [0018]
Still ngqqigﬁ,@ﬁﬁég%érn$¥F CEFetiede é&xﬁb Hay iv9iGaé shepeglenc
y

hoppi ng pattern, wherein sone patterns hop anong frequency bands and sone
stay fi ﬁfgﬂi’ ihF 58 Ssitivg Pe SOMOGHERE YR hAAONE R T Sxaifl L e qurnmChansisandardd
specifies 3 types of TECs: one is referred to as Tine-Frequency
| nt er | eadHGhy ¥ PEMPiRRéient Raycbaedsedf berratiwml st fantserilssdvwed asverlihr ee
frequenc¥ bands; one is referred to as two-band TFl or TFI 2, where the
coded i S Genitexitnt ér feageenoy echdane ¥ requenog sidshaoneli sayeber r ed
to as Fixed Frequency Interleaving (FFl), where the coded information is
transmi tMaed nort &agiengl eobanduolndérediren ECMs rsfeandar dhandoas eusedr
hereinafter, the terns "Ti me- FrequencyCodes (TFC)" and "frequency hopping
pat t er n"tharse depoadpnioa, Wat irequency channel or a logical channel is

often referred to using a frequency channel number associated

with it.

[0017] Additionally, the term band group may refer to a group of

frequency bands. A band group may or may not be used for signal

transmission. It should be noted that it is possible that a

frequency channel may have the same frequency bands as a band

group.

[0018] Still further, the term Time-Frequency Code (TFC) may

include a frequency hopping pattern, wherein some patterns hop

among frequency bands and some stay fixed in a single frequency

band. For example, the ECMA standard specifies 3 types of TFCs:

one is referred to as Time-Frequency Interleaving (TFI) where

the coded information is interleaved over three frequency bands;

one is referred to as two-band TFI or TFI2, where the coded

information is interleaved over two frequency bands; one is

referred to as Fixed Frequency Interleaving (FFI), where the

coded information is transmitted on a single band. Under the

ECMA standard and as used hereinafter, the terms “Time-Frequency

10



the term"frequency channel™ or "logical channel”. [0019] An ad-hoc radio
comuni cation group generally consists of a plurality of ad-hoc radio
comuni cawpanovdsyizéaes, wherein the comruni cati on anong POESE20WDEIOS | S
sel f-organi zed. The plurality of devices are able to discover each other
within a range to formthe comunication group, and within the
comuni cation group, they can communicate with each other w thout the need
of a central control. [0020] Othogonal Fr equegcy Di vi si on {\/pl tinpl ei<| ng

IS a2 W ,use chni que in ad-hoc radi o, comunication systens.
E’FO:DIE)/II\? scg’dﬁﬁl t(??kgrrﬁg L?éﬁ%ﬂ%@%i’a‘h"?@d}ﬂqmﬁ%ﬁ%i @ edisvn@esmene wial| abl e
frequen% spectrym into many subcarriers, each one bei ng modul ated by a | ow
data rat gesfg'?éﬁm LEEBNPREN SERANBSE MPBh-ysEed ldaharneddsm ssi on and hi gh
spectral_ efficienc So far, several of OFDM based standards have been put

f orwar d,[09&@h 23 %%éhw%%%n@@mwni[mpp BicGup4gshewslapm tohasstatodn of

an ad-hoc radi o comuni cation group 400 including devices Ato H (411

-418), @hederalary eheadeldcesadie ccdnm(AlileaAli®n wewk ces, awharkiutaes

frequency channel. For illustration, circle line 401 represents the

t ransni Somonniaageonf aeng ceh&sd 1dsvineaniing stehdt-odguneeeB. 4tRei s able to

transmt OFDM synbols to other devices that are
plurality of devices are able to discover each other within a
range to form the communication group, and within the
communication group, they can communicate with each other
without the need of a central control.
[0020] Orthogonal Frequency Division Multiplexing (OFDM) is a
widely used technique in ad-hoc radio communication systems.
OFDM is a multi-carrier transmission technique, which divides
the available frequency spectrum into many subcarriers, each one
being modulated by a low data rate stream. OFDM can achieve
high-speed data transmission and high spectral efficiency. So
far, several of OFDM based standards have been put forward, such
as the ECMA standard.
[0021] FIG. 4 shows an illustration of an ad-hoc radio
communication group 400 including devices A to H (411 -418),
wherein all the devices A to H (411-418) work in a particular
frequency channel. For illustration, circle line 401 represents
the transmission range of device B 412, meaning that device B

4172 is able to transmit OFDM symbols to other devices that are

located within the circle line 401. In this illustration, device

11



| ocated within the circle line 401. In this illustration, deviceB 412 is
able to transmt OFDM synbols to devices A 411, C 413, D 414, E 415, and H
418. Si mwenrbey/13gi2acl e |ine 402 represents the transnm s®comsceenyg@eoiof device
C 413, neaning that device Cis able to transmt OFDM synbols to other
devices that are located within the circle line 402, and circle Iine 403
represents the transm ssion range of device D 414, neaning that device D
414 is able to transmt OFDM synbols to other devices that are | ocated

Wi thint to the current. ECVMA standard, for

g circle lin 4%3. Accor%%n ,

exanplefpﬁﬁénl ediPdE AC4tfanemis B@I%%%%%}% §d HHKiSs B 412, Ro4dBher
data tr nsqissioq anong the ad-hoc radi o communication devices Cto H
(413-41334iﬁ’tﬁe radi 8NEoRndnPcafiBhl 8y ceslrgroud 0@ 0Rarebaesantised out
at the sane tine . [0022] Assune channel 2 as illustrated in FIG 2 is
used. Trdifs HreEiSEA S6f coFDRNe9nB6| devioem Gedl e meahlihgt GhdévidewiBedL2iks
illustrated in FIG 3, wherein device A 411 transmits OFDM synbols to
devi ce BPAE2 tion tzahsedieAEPMbapmibgt upo W the 8 drandssl@Ratl@reWhenateaquency
channel 2 is used, transmitted OFDM synbols is interleaved over eight
frequencyithbandsh&08ittQeatcoedi Ny, tand ¢1efuerncihchapp rgppaktacs ehe
frequency bands 103 and 105 to frequency bands 104 and 106 to frequency
bands 1@Zaasdit69pcnamdnye brequency banms, H&amdg thAr Aecordi BOkYs &s

able to transmit OFDM symbols to other devices that are located

within the circle line 403. According to the current ECMA

standard, for example, when device A 411 sends OFDM symbols to

device B 412, no other data transmission among the ad-hoc radio

communication devices C to H (413-418) in the radio

communication devices’ group 400 can be carried out at the same

time.

[0022] Assume channel 2 as illustrated in FIG. 2 is used.

Transmission of OFDM symbols from device A 411 to device B 412

is illustrated in FIG. 3, wherein device A 411 transmits OFDM

symbols to device B 412 in a frequency band group with 8 bands

103-110. When frequency channel 2 is used, transmitted OFDM

symbols is interleaved over eight frequency bands 103-110

according to a frequency hopping pattern of frequency bands 103

and 105 to frequency bands 104 and 106 to frequency bands 107

and 109, and to frequency bands 108 and 110. Accordingly, a

frequency band is used only up to a maximum of one-fourth of the

time during the transmission. Further, when device A 411 is
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frequency band is used only up to a maxi mumof one-fourth of the tine
during the transm ssion. Further, when device A 411 istransmtting data to
devi ce B wO200o3gr2particular plurality of two frequencyPoasdgoconimy an
OFDM synbol duration time, the other bands in the band group are unutilized
during that OFDM synbol transm ssion tinme. Thus, the spectral usage is |ow
due to the unutilized bands of frequencies. [0023] Reference [4] proposes
the use of slotted offset Tine Frequency Codes (TFCs) to utilize the

avai | able_spectrum (say, entire band group) effectively at a given tinme by
a parti ctﬁﬁaargsnbletatcldﬁ’( éﬁ%&p%%ﬂ&végﬁeﬁegﬁ og%s%opqﬁt{%‘}lqrs Rlywedditze@fas

bel ow. [0024] According to the version 1.0 of the ECVA standard, if a
devi ce &% ré‘rﬁqﬂeﬁnﬁyn&ainﬁsadBéFf‘EcﬁPa@F%nﬁymﬁl i Bt iOEDM igyenb ghedur at i on,
the other bands in the band group are unutilized during that OFDM symbol .
Usi ng of 16" FResisprigpséedPRAA] gF oup her emenutel bisgrd ghouimgrahalie ODM i zed at
the sanme tine. As an illustration of offset TFCs, in Fig. 5, if the grey
col or ed LS S4BISHE sedrst tinee THCs of fisetsgegttdierudadve hlsadlkbwcaler ed
boxes 561-566 constitute first offset, nanely TFC offset 1 , of TFC offset
0 , and thee umhittid iceldobeddborésfb8duEmbiconstitute t he second of f set,
nanmely TFC offset 2 , of TFC offset O . Note that for a frequency channel
with 3 fI0eR3Inayfeandse {hererspds &l thdaidep dro 1wl tebif setrscef Ta,JFC. Now,
refer to Fig. :

Frequency Codes (TFCs) to utilize the available spectrum (say,

entire band group) effectively at a given time by a particular
beacon group. The scﬁeme proposed in [4] is summarized as below.
[0024] According to the version 1.0 of the ECMA standard, if a
device is transmitting in a particular band during an OFDM
symbol duration, the other bands in the band group are
unutilized during that OFDM symbol. Using offset TFCs proposed
in [4], the entiré band group may be utilized at the same time.
As an illustration of offset TFCs, in Fig. 5, if the grey
colored boxes 541-546 constitute TFC offset 0, then the black
colored boxes 561-566 constitute first offset, namely TFC offset
l, of TFC offset 0, and the white colored boxes 551-55¢
constitute the second offset, namely TFC offset 2, of TFC offset
0. Note that for a frequency channel with 3 frequency bands,
there can only be up to two offsets of a TFC. Now, refer to Fig.
4. If device A 411 sends data to device B 412 using TFC offset
0, then using the scheme proposed in [4], device C 413 would be

able to send data to device D 414 simultaneously using TFC

13



4 . |If device A 411 sends data to device B 412 using TFC offset 0 , then
using the schene proposed in [4], device C 413 would be able to send data
to devi cewD24dv3s12aul t aneously using TFCof fset 1 . Sim lPamisg20@oei0e E 415
woul d be able to send data to device F 416 at the sane time using TFC
offset 2 . Hence up to three simultaneous transm ssions can go on utilizing
of fset TFCs thereby increasing the network throughput up to three tines of
what is achievable by version 1.0 of ECVA specification. In addition to the

benefit ffset .TE nti oned abov anot her benefit is that a deyi ce
with throgffefs%écpjt‘r'atséL gﬁ i'n e\XFnCFeBt ?%s‘ﬁ‘?‘ﬂ‘? Mf BREE th® Hfdrchéatdedce

woul d be,ahle to receive data fromup to two other devices using two .
of fsets doeTVl'ﬁ'—eCtFoT‘lfléelatO ther §§56) tifet BelRY of Fle P bf Fafet? -TRES denpice hent ation
proposed.in [4], all the devices that are synchronized assune that their
first G‘—tlﬂ‘yle?yr?BB‘IU1§taé‘teto§Sattr?ﬁémBéé€@IhS Pexn gz Strarlttl'ﬂlmri(gBEST_)Semf TFhOe

sl owest nei ghbor or the average of the BPSTs of all the nodes in a beacon
group. I%Rerieby AegaedsiBeacba Petwouk (BRjoughpwe weftnethrae aipesi od of
time declared by a device during which it sends or listens for beacons
accor di mpatto ishe cECRXabtlantar derandnt heo tef redMra e JIEY daefien .t an
informati on regardi ng such as the reservation of tinme slots in the further

data peridddtiBachosuper brapgist art sffdth BrEP maMt itheX:@Rde, 0¥abtABE Of
nor e
benefit is that a device with three separate RF chains while
transmitting data to another device would be able to receive
data from up to two other devices using two offsets of TFC
offset 0.
[0025] In the slotted offset TFCs implementation proposed in
{41, all the devices that are synchronized assume that their
first OFDM symbol starts at the Beacon Period Start Time (BPST)
of the slowest neighbor or the average of the BPSTs of all the
nodes in a beacon group. In this regard, Beacon Period (BP) may
be defined as a period of time declared by a device during which
it sends or listens for beacons according to the ECMA standard,
and the term beacon may refer to information regarding such as
the reservation of time slots in the further data period. Each
superframe starts with a BP, which extends over one or more
'contiguous Medium Access Slots (MASs). The start of the first
MAS in the BP, and the superframe, is called the Beacon Period

Start Time (BPST). As background information, under the ECMA

standard, frame is defined as unit of data transmitted by a

14



contiguous Medi um Access Slots (MASs) . The start of the first MAS in the
BP, and the superfranme, is called the Beacon Period Start Tine (BPST) . A's
backgr ourmtoizndoo3orei on, under the ECVA standard, frane iPsT#eRI0®do1as unit
of data transmtted by adevice, and a superfrane is the basic timng
structure for frame transm ssions. A superfrane is conposed of 256 MASs,
and a superfrane includes a BP followed by a data period. A BP conprises a
nunber of beacon slots, and a beacon can be transmitted within a beacon

slot. | yaneemModi ger;g_ﬁ& -h dio_communi cation device may start its
OFDM t ransmi s<i on in a %%ir%%tehggdéﬁg BAP T od- HM he SHUGHUtSr FoRal TR,
FIG 7 '141_1 ustr.ates t he b%si C %tructure of superframe 710 according to the
ECMA st andard. “ACCEPdi Ag SEBSEREAEEMAS sEFRRRFeY &f sAiferBrSsme angl def i ned as
periodic ti interval used to _coordinate frame transm ssions between
devi ces,” WGt 2BGN L ACAE9ESh@aBBn Bl PERA 701 F Fl3tewRepda @aB& period 702,
wherein franme is defined as unit of data transmtted by a device. A
super f r &RFPHTE SEENPoSBHLEE 266PRASIN 7880t $ 0061 AAbeERDM icanbaerd time (in a
band) including band switching time is 312.5ns + 9.47ns = 321.97ns
accor di fFanemECHRIsWakbanda Weehonhelst ot Iredrof fegdtodifGs,t ,eaah a@FBbESYMhol
is transmtted only during an OFDM Synbol Transm ssion Duration (OSTD) of
peri od 32Hi97gommRefienttionFH&riSe. may swsripriopoFdy 1 rabkmtiBation in a

MAS in the data period at the start of that MAS. FIG. 7

illustrates the basic structure of superframe 710 according to

the ECMA standard. According to the ECMA standard, a superframe

is defined as periodic time interval used to coordinate frame

transmissions between devices, which contains a beacon period

701 followed by a data period 702, wherein frame is defined as

unit of data transmitted by a device. A superframe is composed

of 256 MASs 703.

[0026] An OFDM in-band time (in a band) including band switching

time is 312.5ns + 9.47ns = 321.97ns according to ECMA standard.

With the slotted offset TFCs, each OFDM symbol is transmitted

only during an OFDM Symbol Transmission Duration (OSTD) of

period 321.97ns. Refer to FIG. 5. It was proposed in [4] that

all the OSTDs be aligned contiguously from the beginning of a

MAS. Thus, since a MAS duration is 256 microseconds, we have 795

OSTDs and some small time left over at the end of the MAS

(considering in band time of an OFDM symbol as given in ECMA

specification). The first OSTD of the next MAS is scheduled to
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all the OSTDs be aligned contiguously fromthe beginning of a MAS. Thus,
since a MAS duration is 256 m croseconds, we have 795 OSTDs and sone snal
time | ef twoves/@p72the end of the MAS (considering in bamdTiSGaeehoian OFDM
synbol as given in ECVA specification) . The first OSTD of the next MAS is
schedul ed tobegin at the beginning of the next MAS. In order to facilitate
transm ssion of OFDM synbol at exactly each OSTD, [6] proposed a
synchroni zati on nethod using virtual clock concept to achieve finer
synchronj i t ween .devices_at. cl ock period | evel so that OSTDs of
dgvicesQ%%gkggﬁbﬁ$5%?§g&ngﬁ8gd8fn%?eo@%??A%A%uéﬂ‘fB“¥§U§€ ifRcdlfiéréhce.
[0027] I.n the .fol.l g, nodifications to the schenes proposed in [4] are

propose&ﬁﬁ?%ﬂhﬁﬁléay hEFPMuS%BROW #h BX2Fes . care ORgdl f i l&dt PsagosRdpased

enabl e UMB devi ces that |nBIenent DC-TFCs to enhance their netmprk
t hr oughpt* BV G 488 P8uretRREsUS The ekl Praposmhdeprteite appliigveo bot h
Prioritized Channel Assess (PCA) and Distributed Reservation Protocol (DRP)
peri ods fdheths ymsbropgeatianebet veen utevigie DRR e upediod Lhee ECMA
standard, and is a protocol inplenented in each device to support
negot i attihert &8d Deaiodt dramcesofrehaymathiréniveed eser vt inont bivadiag aocal |
nei ghbor devices of the reservation participants. The DRP enabl es devi ces
t o resertye camseorintreréclBSset hat t he device can use to conmmunicate with one
or nore nei ghbours. PCA is used in

[0027] In the following, modifications to the schemes proposed

in [4] are proposed to cater to their usage with DC-TFCs. The

modifications proposed enable UWB devices that implement DC-TFCs

to enhance their network throughput by up to four times. The

schemes proposed herein apply to both Prioritized Channel Assess

(PCA) and Distributed Reservation Protocol (DRP) periods of the

MAC superframe structure. The DRP is used in the ECMA standard,

and is a protocol implemented in each device to support

negotiation and maintenance of channel time reservation binding

on all neighbor devices of the reservation participants. The DRP

enables devices to reserve one or more MASs that the device can

use to communicate with one or more neighbours. PCA is used in

the ECMA standard to provide differentiated distributed

contention access to the medium for a device for transmission.

[0028] In one embodiment, a method for transmifting OFDM symbols

by a plurality of ad-hoc radio communication devices in an ad-

hoc radio communication devices’ group is provided, the method

comprising: a first ad-hoc radio communication device of the ad-
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the ECVA standard to provide differentiated distributed contention access
to the mediumfor a device for transm ssion. [0028] In one enbodiment, a
nmet hod f owotpemiseizut i ng OFDM synbol s by a plurality of adTiseeomadiior
comuni cation devices in an adhoc radi o conmuni cation devices' group is
provided, the nmethod conprising: a first ad-hoc radio comunication device
of the adhoc radi o communi cation devices' group transmtting a first
plurality of two OFDM synbols in a first plurality of two frequency
sub-ranqles Ofﬁ@ frequency ran selected for transm ssion in accordance

0 FoPRTAd Cabater o Vi REST r BRincy: A5G (g i ta

with a freqdC _ - 'C'ot i _
pl urali';g;(;l of frequency sub-ranges; in the sane transm ssion tine period, a

second &G Hdicd CWRmEPHatVBROYBVI R €2 of 1 ke midiurdd tvadifo teormuni cat i on
devices' group transmtting a second plurality of two OFDM synbols in a
second pIRRBISICY SHbrRarpreqeéneyfsenuengyesante tyrl dategudioay r ange, _
wherein the second plurality of frequency sub-ranges has no overlap with
the firdstragispigisiop éh Brequdanyesubth angls: qdQ29]hdpipGngd6 palt@esnanthe
illustration of the nethod to transmt OFDM synbols catering to the usage
of DC- TECsqmeooydirrggeoconprérbndi agmntunil ithe dmvniduehcy] QQBOkaRgksr to
FIG. 4 and 6 . Assune that OFDM synbols are transmtted within a band
group 680 haei sgm8 tregeansyibantdsmd GSedildl,a%s shewhd RERS: ¢adihl SO assume

that OFDM synbol s are
communication device of the ad-hoc radio communication devices’
group transmitting a second plurality of two OFDM symbols in a
second plurality of two frequency sub-ranges of the frequency
range, wherein the second plurality of frequency sub-ranges has
no overlap with the first plurality of frequency sub-ranges.
[0029] FIG. 6 shows an illustration of the method to transmit
OFDM symbols catering to the usage of DC-TFCs according to one
embodiment of the invention.
[0030] Refer to FIGs. 4 and 6. Assume that OFDM symbols are
transmitted within a band group 680 having 8 frequency bands
103-110 as shown in FIG. 6. Also assume that OFDM symbols are
transmitted with a frequency hopping pattern of channel 2 as
listed in FIG. 2, namely (bands 103 and 105) to (bands 104 and
106) to (bands 107 and 109) to (bands 108 and 110) as shown in
the grey colored boxes (601, 601’-608, 608’) in FIG. 6. For
example, a device will transmit a first plurality of two OFDM

symbols in the frequency bands 103 and 105 during a first OFDM

symbol time 301, transmit a second plurality of two OFDM symbols
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transmtted with a frequency hopping pattern of channel 2 as listed in FIG
2 , nanely (bands 103 and 105) to (bands 104 and 106) to (bands 107 and
109) to (wend®/BOB4and 110) as shown in the grey col or edCiosGee09(060101

601' -608, 608') in FIG 6 . For exanple, a device wll transmt a first
plurality of two OFDM synbols in the frequency bands 103 and 105 during a
first OFDM synbol tine 301, transmt a second plurality of two OFDM

synbol sin the frequency bands 104 and 106 during a second OFDM synbol tine

302, transm.t third pluralit f two OFDM synbols in the frequency bands
107 andallr}ggghc?urirr? YENH 5&“6&0%9%%& 19?@“%%‘39, AMPIIEh RO gYPBGEL h
plurality of OFDM synbol s i n the frequency bands 108 and 110 during a
fourth é@%mtrﬁ%@léﬁo&. At rer PLRF3L IR HEW T OFRM IsY8®ed sa ihi the
plurality of two OFDM S){rrbol s restarting fromthe frequency bands 103 and
105 dur iRt RaeepMiSynBsR &P RedBobng andtiiotd GFMhe vinbeduenmg BOPpi ng
pattern of (bands 103 and 105) to (bands 104 and 106) to (bands 107 and
109) t o qBardaneog tapd fouE)hi Rluhal stbsefuem @REDMssyivodls tihanasi Ssion.
[0031] Also referring to FIG 6 , it can be seen that the black col ored
boxes 6XBem®RBCY- B3Rds6328, ahHel Wi ter tof ox eftbhaXeDFOL7 syebé1 t6R4, 624' as
well as the light grey colored boxes 609, 609" -616, 616" represent the
sane freépdendyfteopphig, pahtetavaset hiel Oreyndsl aigdhbe1esa69ty 661tyo608,

608', with the only
OFDM symbols restarting from the frequency bands 103 and 105
during a fifth OFDM symbol time 305, and follow the frequency
hopping pattern of (bands 103 and 105) to (bands 104 and 106) to
(bands 107 and 109) to (bands 108 and 110) in the subsequent
OFDM symbol transmission.
[0031] Also referring to FIG. 6, it can be seen that the blackv
colored boxes 625, 625'-632, 632’, the white colored boxes 617,
617'-624, 624’Vas well as the light grey colored boxes 609,
609’ -616, 616’ represent the same frequency hopping pattern as
the grey colored boxes 601, 601’-608, 608’, with the only
exception of the starting frequency bands for transmission of
the first plurality of OFDM symbols. Such a difference can be
also interpreted in another way: the black colored boxes 625,
625'-632, 632', the white colored boxes 617, 617'-624, 624' as
well as the light grey colored boxes 609, 609’-616, 616’
respectively represent an offset of the frequency hopping

pattern, or a time shifted version of the frequency hopping

pattern represented by the grey colored boxes 601, 601’-608,
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exception of the starting frequency bands for transm ssion of the first
plurality of OFDM synbols. Such a difference can be also interpreted in
anot her wag:20eB912hack col ored boxes 625, 625'-632, 632PCTiSeeo0stnee1 col or ed
boxes 617, 617'-624, 624" as well as the light grey col ored boxes 609, 609
-616, 616' respectively represent an offset of the frequency hopping
pattern, or a tine shifted version of the frequency hopping pattern
represented by the grey col ored boxes 601, 601" -608,608' . For exanple, the

bl ack cojqpy.ed hoxes 62 ig g 63 represent_a tine shifted verS|on
of the frequerll;g)y ﬁeop% ng p ePhafk GF %e(?gD VIS 14 euditcy TRoBpi Bg2pat t er n
represented gy t he %r cg %red boxes 601, 601' -608, 608'. Simlarly, the
white colrEdrBdxas 6P, SeiFtedasarsson of dfiesbirauensyi hoppanger time
shifted version of the frequenc¥ hoppi ng pattern relative to the frequency
hoppi ng F54t4%e™n fedFiéyentedtBy fhrederRsy dHIRR I RAtes B0 Tep8esent668by608' .
Simlarl the Iight greé col ored boxes represent an even still larger tine
shifted‘%%%59§§ﬁ &P loredt pegaene 9l hoppl b Pt teddl r dliatiileelyp the fhégaency
hoppi ng pattern represented by the grey col ored boxes 601, 601" -608, 608
A firswoladehoboxadi 61donfhilinl €624 on62eVimep wfsdrite aadthad nadyger time

communi cati on devices' group (not shown) may transmt a first plurality of
two OFDMhsyfiredl sewistibhnod thestredueedy thopdi dgvp foRGHereY abagds+d08pand
105 during a first OFDM synbol

frequency hopping pattern represented by the grey colored boxes

601, 601'-608, 608’. Similarly, the light grey colored boxes

represent an even still larger time shifted version of the

frequency hopping pattern relative to the frequency hopping

pattern represented by the grey colored boxes 601, 601’-608,

608’ . A first ad-hoc radio communication device of the ad-hoc

radio communication devices’ group (not shown) may transmit a

first plurality of two OFDM symbols within a first plurality of

two frequency bands 103 and 105 during a first OFDM symbol

transmission time 301 (see grey colored boxes 601 and 601’ in

FIG. 6). In the same transmission time period 301, a second ad-

hoc radio communication device may transmit a second plurality

of two OFDM symbols in a second plurality of two frequency bands

104 and 106 (see light grey colored boxes 609 and 609’ in FIG.

6), wherein the second plurality of two frequency bands 104 and

106 is different from the first plurality of two frequency bands

103 and 105.
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transm ssion tine 301 (see grey colored boxes 601 and 601" in FIG 6). In
the sanme transmi ssion tinme period 301, a second adhoc radi o conmuni cati on
devi ce nmawyotnawisaizt a second plurality of two OFDM synb®elC3/SiGrom/os@oond
plurality of two frequency bands 104 and 106 (see light grey col ored boxes
609 and 609" in FIG 6 ) , wherein the second plurality of two frequency
bands 104 and 106 is different fromthe first plurality of two frequency
bands 103 and 105.[0032] In a further enbodinent, in the same transm ssion

time per'dH§ a thirg ag-hoc radi 0 communi cati on device of the ad-hoc radio
connunié%tlgﬂ d8vAcdYt hSFoﬁBg??bﬂ%%ﬁtsﬁ%iqqﬁr%?ﬂﬂ|BQ%W%9}S§ﬂOPm61@FDM
synbols in.a third plurality of two frequency sub ranges, wherein the third
| ural i BFPYWE fPedite ALy NEGHT REhYeSOMEE HiA VY |98y Miet I9ft rdef mdshoand t he

P EW : : : .
second pluralities of two frequency sub-ranges. [0033] This enbodinent is
al so i | "PsEPracedmupirpgiop devacehs GBEMP ttzasmidsi on thime pauiredi8@l of
the first and second pluralities of two OFDM synbols transmitted by two
separ at @ Idéyioc €5 DMa symbed sadrhacthadd oo boreiuirtiycatfi cwodéfriegaeprgt sahewn) may
transmt a third plurality of two OFDM synbols in a third plurality of two
f r equendpngands wheFeandtheothisee mhit®l col aredweoxeefibhcgndudbl?angasFl G
6), wherein the third plurality of two frequency bands 107 and 109 is
di f f er emtasf nomotvee lbpr stith the first and the second pluralities of two

frequency sub-ranges.

[0033] This embodiment is also illustrated in FIG. 6. In the

same transmission time period 301 of the first and second

pluralities of two OFDM symbols transmitted by two separate

devices, a third ad-hoc radio communication device (not shown)

may transmit a third plurality of two OFDM symbols in a third

plurality of two frequency bands 107 and 109 (see white colored

boxes 617 and 617’ in FIG. 6), wherein the third plurality of

two frequency bands 107 and 109 is different from the first

plurality of two frequency bands 103 and 105 and the second

plurality of two frequency bands 104 and 106.

[0034] Similarly, in the same transmission time period 301 of

the first, second and third pluralities of two OFDM symbols

transmitted by three separate devices, a fourth ad-hoc radio

communication device (not shown) may transmit a fourth plurality

of two OFDM symbols in a fourth plurality of two frequency bands

108 and 110 (see black colored boxes 625 and 625’ in FIG. 6),

wherein the fourth plurality of two frequency bands 108 and 110
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plurality of two frequency bands 103 and 105 and the second plurality of
two frequency bands 104 and 106. [0034] Simlarly, in the sanme transm ssion
time periwo28@139f24t he first, second and third pluralitiP€3/S62009%0010FDM
synbols transmtted by three separate devices, a fourth ad-hoc radio
comuni cati on device (not shown) may transmt a fourth plurality of two
OFDM synbols in a fourth plurality of two frequency bands 108 and 110 (see
bl ack col ored boxes 625 and 625" in FIG 6), wherein the fourth plurality

of two frequency 3 n% 102 ang.ll is.different_ fromthe first plurality of
two frequency ban g 88? RS 1055TtREUERELNE Hf 'E ifEF e N0 PRPE§uency
bands 1 and %?ﬁ ang the third ﬁlura!ity of two frequency bands 107 and
109. [0035] PP HU2 chRehaeS8BA PhRFathey et i 1 HardugneypPaRgsheOdti | i zed
at the sane_time. For exanple, in FIG 6 , the grey col ored boxes 601,
601" - 608"%608° c 8RSt 1 Gt ENFFE BirEetiby (719w titedveasky behdsedOBosed 625,
625" -632, 632' constitute TFC offset 1 (672), the white col ored boxes 617,
617" -6249%24' constitute TFC of fset 2 (673), and the light grey col ored
boxes 609, 609" -616, 616" constitute TFC offset 3 (674). Here, TFC offset O
(671), TMOO38f sbt thug 672y, bIFR e figwit XNGE iardbERE ot bsptm3y (6F4) are
within a sane frequency channel (channel 2 as given in FIG 2 wth sane
frequencyrildppidngtpahtesaneaniimar eFor example, in FIG. 6, the grey

colored boxes 601, 601"-608, 608’ constitute TFC offset O (671),

the black colored boxes 625, 625'-632, 632' constitute TFC

offset 1 (672), the white colored boxes 617, 617’ -624, 624’

constitute TFC offset 2 (673), and the light grey colored boxes

609, 609'-616, 616’ constitute TFC offset 3 (674). Here, TFC

offset 0 (671), TFC offset 1 (672), TFC offset 2 (673) and TFC

offset 3 (674) are within a same frequency channel (channel 2 as

given in FIG. 2 with same frequency hopping pattern) and are

four offsets of the frequency channel that can be used for

transmission of OFDM symbols. TFC offset 1 (672), TFC offset 2

(673) and TFC offset 3 (674) have a frequency shifting with

respect to TFC offset 0 (671) within thé same hopping pattern.

TFC offset 1 (672) has a time shifted version of the frequency

hopping pattern relative to TFC offset 0 (671), TFC offset 2

(673) has a still larger time shifted version of the frequency

hopping pattern relative to‘TFC offset 0 (671), and TFC offset 3

(674) has an even still larger time shifted version of the

frequency hopping pattern relative to TFC offset 0 (671). Now,
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four offsets of the frequency channel that can be used for transm ssion of
OFDM synbol s. TFC offset 1 (672), TFC offset 2 (673) and TFC offset 3 (674)
have a frwoueecrhi fting with respect to TFC of fset 0 PETHG20d9t0hé101t he
sanme hopping pattern. TFC offset 1 (672) has a tine shifted version of the
frequency hopping pattern relative to TFC offset 0 (671), TFC offset 2
(673) has a still larger time shifted version of the frequency hopping
pattern relative to TFC offset 0 (671), and TFC offset 3 (674) has an even

still | rti hifted versiqn of the frequency hopping pattern relative
to TFC gr;efg%ert t(?”%é%) 4 ,P@?egeYbC%?é wWi- PvildedraAUERCH 418
work in frequengy channel 2 as give in FIG 2 with the frequency hopping
pattern C(S]farél‘t‘?gtnés af0914Rd1R05¥ 5t o? (HhaHe st o4 zatherss) hopribansstiernand
109) to (bands 108 and 110) . If device A 411 sends OFDM synbols to device
B 412 usifndPrp@soflfSengd 1871)todévireds G W Rvbulaf)becalibente 3eAdamEDV
synbols to device G 417 sinultaneously using TFC offset 1 (672) (an offset
of chand®9)2 tgsi(kgrthel88mend/ABL 8] ot Jf .de8iimd &y 1411 devidse OEDM15ymbald be
able to send OFDM synbol s to device H 418 at the sanme tine using TFC of f set
2 (673) to Seniilkcer By 4ldevusteg Drad 4o fitsetd be(atll)g tdevierd cCOEDN syahal et 0
device F 416 at the sane tinme using TFC offset 3 (674). Hence up to four
transni sdilensocarngoOBNMSk pidbd BHeodisdaniddey ey isiaieasnBguthe AsiNer kK

t hroughput up to four tinmes using
TFC offset 1 (672) (an offset of channel 2 using the same MAS
slot). Similarly, device E 415 would be able to send OFDM
symbols to device H 418 at the same time using TFC offset 2
(673). Similarly, device D 414 would be able to send OFDM
symbols to device F 416 at the same time using TFC offset 3
(674) . Hence up to four transmissions can go on simultaneously,
thereby increasing the network throughput up to four times using
a single band group compared with the case where DC-TFCs are
used without slotted offsets.
[0036] In one embodiment, a first ad-hoc radio communication
device of an ad-hoc radio communication devices’ group transmits
a first plurality of two OFDM symbols in a first plurality of
two frequency sub-ranges of a frequency range selected for
transmission in accordance with a frequency hopping pattern, the
frequency range comprising a plurality of frequency sub-ranges.
In the same transmission time period, a second ad-hoc radio

communication device of the ad-hoc radio communication devices’

group transmits a second plurality of two OFDM symbols in a
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a single band group conpared with the case where DC-TFCs are used w t hout
slotted offsets. [0036] In one enbodinent, a first ad-hoc radio
comuni cawpanovdsyizae of an ad-hoc radi o communi cati on de@CirSe2009@n@up
transmts a first plurality of two OFDM synbols in a first plurality of two
frequency sub-ranges of a frequency range selected for transmssion in
accordance with a frequency hopping pattern, the frequency range conprising
a plurality of frequency sub-ranges. In the sanme transm ssion tinme period,
radi.o.co i on device of the ad-hoc radio

a second ad- hoc nicag
connunicﬁ%?gﬁ EéyféééiygggﬂﬁwPr hEATERCYH YT UH ithe dFeanenerDv
synbol s in asecond plurality of two frequency sub-ranges of the frequency
range i A 88Eor8afCECRFRRCE Vihe nfiteBRiditddh vegrsitme ofbdhe shawef r equency
ge ! .

hoppi ng pattern, wherein the second plurality of two frequency sub-ranges
i s differBRt IrrRerRY PPP@#HEIH?EP$¥®vcwhqmﬁiﬂr@mmew¢@n§upimaagé5y bh one
enbodi nent, the frequency hopping pattern is with reference to a fixed
poi nt i AW AEeSUERCHs suhersnaes bf @i bemoort Srotm dhet HarstapluetlatWAS. | n
a further enbodinent, in the same transm ssion tine period, a third ad-hoc
radi o c@intimiccdreanedeyi sebofanfes adihame atiboddamsmtni caki gregavhegs’ group
transmts a third plurality of two OFDM synbols in a third plurality of two
f requentppsibgr pagesraf isheitheeibdacandangse d Fideeopdanee iw thna stih!
| arger tine

as the start of a beacon slot or the start of a MAS. In a

further embodiment, in the same transmission time period, a

third ad-hoc radio communication device of the ad-hoc radio

communication devices’ group transmits a third plurality of two

OFDM symbols in a third plurality of two frequency sub-ranges of

the frequency range in accordance with a still larger time

shifted version of the above same frequency hopping pattern,

wherein the third plurality of frequency sub-ranges is different

from the first and second pluralities of two frequency sub-

ranges. In one embodiment, the frequency range is a frequency

band group, the frequency sub-range is a frequency band within

the frequency band group. In one embodiment, the frequency band

group comprises eight frequency bands. In oneAembodiment, the

frequency hopping pattern is a Time-Frequency Code (TFC).

[0037] It should be noted that the hopping pattern is not

limited to the pattern as shown in FIG. 6, but can be, such as,

frequency hopping patterns of channels 2-13 as shown in FIG. 2.

The hopping pattern can also be any of the other possible
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shifted version of the above same frequency hopping pattern, wherein the
third plurality of frequency sub-ranges is different fromthe first and
second plwoabivizer4of two frequency sub ranges. |In one ecibsd2om@engiol he

frequency range is a frequency band group, the frequency sub-range is a
frequency band within the frequency band group. In one enbodi nent, the

frequency band group conprises eight frequency bands. In one enbodi nent,
t he frequency hopping pattern is a Tine-Frequency Code (TFC) . [0037] It

shoul d Re d_that the hoppin ftern js not Ilimted to the pattern as
shown in IEI?%\RSGp%tgﬁfnéaﬂoge?lggsﬁalégfefr]leﬁusg}?é&)l%@&ﬁionﬁep&ﬂ:é?n@éft
channel Sth%' 13?%5 shown _in FIG 2 . The hopping pattern can al so be any of
the ot her $p8s&PHFeRopPFAY DEFPer Asthdt Fastksd miftiteghgyl §hal so be not ed
that the numier of OFDM synbol s that can be transmtted by the plurality of
ad- hoc PAdi*6 d5¥mBRi drheh BaYFeesommR ifa trhsileviiagiso iotranadahpon
devices' group is limted to the nunber of bands within the band group 680
show i nTRAGC Gommppde8fien deeieadpodirmm isallintifedadohober adinber of
communi cati on devices in the ad-hoc radi o conmuni cation group are
synchr oRidpgg. wiihonetkaboandentoupdshdcshradiim EamruGi.cati on devi ces may
start their OFDM synbol transm ssion at a sane tine. For exanple, for the
ECVA st 400383 baseme sysbeiimeatt, tdiEl athdee-hadi @ a898MYAhGaH: | ©5 Jeyi ces may
start their OFDM synbol

devices in the ad-hoc radio communication group are

synchronized. In one embodiment, ad-hoc radio communication

devices may start their OFDM symbol transmission at a same time.

For example, for the ECMA standard based system, all the ad-hoc

radio communication devices may start their OFDM symbol

transmission at the BPST of the slowest neighbor device or the

average of the BPSTs of all the devices in an ad-hoc radio

communication devices’ group. In one embodiment, an ad-hoc radio

communication device may start its OFDM symbol transmission

during the Beacon Period at the start of the device’s beacon

slot. In one embodiment, an ad-hoc radio communication device

may start its OFDM transmission in a MAS in the data period at

the start of that MAS.

[0039] In one embodiment, in the frequency range, an OSTD of a

first OFDM symbol transmission is followed by an OSTD of a

second OFDM symbol transmission with no time interval between

them, and all the 0STDs within a fixed time period are

contiguously aligned starting from a fixed reference point in
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transm ssion at the BPST of the slowest neighbor device or the average of
the BPSTs of all the devices in an ad-hoc radi o conmunication devices'
group. | rworneokrsbtdi nent, an ad-hoc radi o communi cat i on PAESIGe@roag10st ar t
its OFDM synbol transm ssion during the Beacon Period at the start of the
device' s beacon slot. In one enbodi nent, an ad-hoc radi o conmuni cation
device may start its OFDMtransm ssion in a MAS in the data period at the
start of that MAS. [0039] In one enbodinment, in the frequency range, an
OSTD of foll owed hy an OSTD of ~.a second

3 g OEDM synbol transmi ssian is , .
OFDM synbo] tl?(%r?sr%léngl ATRPER o ??%eerﬁhcﬁilrr\‘ﬁaﬂt'b&%éﬁxﬁﬁeﬁfmﬁnﬂeéwdt he
OSTDs vm'.lt hin,a fixed titme period are contiguously aligned starting froma
fixed rérefeRE8°REi ftOFnPhetiRRd FhdethReriioted 14¢ ferenerbpaiAENLS £he fixed
time period is _a beacon slot_or a MAS, and the fixed reference point is the
start of ‘P& BEalBR BPEECBrsStdle QF aflte oftanfe MAShel MASne Ienbodi nent, an
OSTD i ncl udes OFDM synbol transm ssion tinme and OFDM frequency sub-range
swi t chi FPOPABENEE0aD] OFBP i hel Wi I FUEDM sssab slc hevmm sp3 st hat time behag
consi dered by C WPAN wor ki ng group, an OSTD may be 625ns + 18.94ns =
643. 94n&FDihefeeAauancOFDM syabepd $wingmirssitdmet.i ne of 625ns and a band
swtching tine of 18.94 ns is included. In one enbodi nent, an OFDM synbol
i s trand@0#0¢dron| yhelubCADF@N KISHA scheme [5] that is being considered

by C-WPAN working group, an OSTD may be 625ns + 18.94ns =

643.94ns, wherein an OFDM symbol transmission time of 625ns and

a band switching time of 18.94 ns is included. In one

empbodiment, an OFDM symbol is transmitted only during an OSTD.

In one embodiment, all the OSTDs may be aligned continuously

without time gap within a MAS.

[0041] This embodiment is illustrated in FIG. 7 based on the

ECMA standard. In this implementation, within each MAS 703, all

the OSTDs 704 are aligned contiguously from the beginning of the

MAS 705. One OSTD 704 follows right after its previous OSTD 704.

'S’ represents an OSTD, and the second OSTD (S=2) follows right

after the first OSTD (S=1). The third OSTD (S=3) follows right

after the second OSTD (S=2), and the fourth OSTD (S=4) follows

right after the third OSTD (S=3) and so on. Since a MAS length

is 256 microseconds, a number.of 795 OSTDs can be transmitted

within each MAS, and some small time may be left over at the end

of the MAS. In one embodiment, the first OSTD of the next MAS is

scheduled to begin at the beginning of the next MAS. The above
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In one enbodi nent, all the OSTDs may be aligned continuously without tine
gap within a MAS. [0041] This enbodinent is illustrated in FIG 7 based on
t he ECVA wOandasg24l n this inplementation, within each WAESGA@Y/0a0101t he
OSTDs 704 are aligned contiguously fromthe beginning of the MAS 705. One
OSTD 704 follows right after its previous OSTD 704. S ' represents an OSTD,
and the second OSTD (S=2) follows right after the first OSTD (S=I). The
third OSTD (S=3) follows right after the second OSTD (S=2), and the fourth

OSTD (S=4) .f.ol 1 ows ri er the third OSTD (S=3) and so on. Since a MAS
I engtél ia?piégsm' Cr 5&‘8?@%62%5 Rafpdrs JerRPrasmsd dn el paAsANBEedS wi t hi n
each MAS, .and sone small|l time may be |eft over at the end of the MAS. In
one embSEitRENECPPRESERASPY STIPAT WHeK HEKtIN® /i shegisdduedurbebegfn at t he
begi nni n% of the next MAS. The aboveapplies to the DC-TFCs based schene

pr oposed PnOFBPsaf@nt Rt tranpei hged orisitier ed My GoiPANMROSKEAY gioep,
wherein a nunber of 396 OSTDs can be transmtted within a MAS and sone
smal | t g% Ray befkepvesver thetémrd erftl tdfe MAS.MAS. [0042] In one

enbodi ment, in the frequency range, an OSTD of a first OFDM synbol
transni 49P4R1i &nf ohé owveldodymem: OSED tofe & reeuend yOrBGsy mhal osTaNSM $Si 0N
with a fixed guard interval between them and all the OSTDs within the

fixed tifirespeoFDH aymbednsesnsnyed yoralisgred 10wedh vguandokmberyaks enbedded

bet ween
second OFDM symbol transmission with a fixed guard interval
between them, and all the 0OSTDs within the fixed time period are
consecutively aligned (with guard intervals embedded between
every two OSTDs) starting from the fixed reference point in the
fixed time period. In one embodiment, all the OSTDs may be
aligned consecutively with a fixed guard interval embedded
between every two OSTDs within a MAS. In one embodiment, the
first OSTD starts at the start of the MAS. Based on the ECMA
standard, assuming the guard interval between every two OSTDs is
40 ns, then given_an OSTD length of 321.97ns and MAS duration of
256 us, there can be 707 OSTDs with some small time unused at
the end of the MAS. In one embodiment, the first OSTD of the
next MAS is scheduled to begin at the beginning of the next MAS.
This applies to the DC-TFCs based scheme in [5] that has been
considered by C-WPAN working group. In such a case, given an
OSTD length of 643.94ns, guard interval between every two OSTDs

as 40ns and MAS duration of 256 us, there can be 372 OSTDs in a

MAS with some small time unused at the end of the MAS. Note that
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every two OSTDs) starting fromthe fixed reference point

peri od.

ECVA standard, assuming the guard interva

in the fixed tine

I'n one enbodinent, all the OSTDs may be aligned consecutively with
a fixed guenrdoympeaval enbedded between every two OSTDs PGIrsSG2009000NAS.
one enbodi nment, the first OSTD starts at the start of the MAS. Based o

ns, then given an OSTD I ength of 321.97ns and MAS duration of 256 ns ,

there can be 707 OSTDs with sone snal |
I n one qﬁpodinent t he

, first
the begim g SF ﬁﬁérﬁe%bE%ﬁgg TRPEedPed | Retwesn He'DOSHESs chasee¢ scheme in

TD of the next MAS is schedul ed to begi

[5] that has been considered by CWPAN working group. In such a case,
an OSTD 9'&F§°h 3t 2643 °84RE, VghardtN At erval Do eteledieceier Ferwe iGSTDs as
and MAS duration of 256 nms , there can be 372 OSTDs in a MAS with sone
smal |t iRPEFaRES&E§  afurheaéndrepagaei®amsie Nat € t hatt he above guard interva
enbedded between two OSTDs can be chosen as any other value that may be
rel at ed 0943dr Rararganantoerse suioddasenpr,opagatfiiastdelayali@043F Aweor di ng
to one enbodinent, the first plurality of two frequency bands of TFC o
0 (671) freygushart banda MASTPOuoadasyt ahd(dTe TG cftfaset at G6WAy, TFC of f set
2 (673), and TFC offset 3 (674) may also start at the same MAS boundar
Any adhbounddirg eadmuhecabcosfdewt Ce hear) Narrn o3FRRItNg t(ansMm ghofrc

offset 3 (674) may also start at the same MAS boundary. Any ad-
hoc radio communication device hearing an ongoing transmission
can easily identify the TFC offset by just finding the two
frequency bands used in a particular OSTD in a particular MAS.
[0044] In one embodiment, any device in the ad-hoc radio
communication devices’ group reserves or uses a default
plurality of two frequency sub-ranges of the frequency range for
transmission during an OFDM symbol transmission time according
to a frequency hopping pattern. For example, the device may
always reserve or use a default plurality of two frequency bands
103 and 105 of thé band group 680 (FIG. 6) for transmission of
OFDM symbols during the first OFDM symbol transmission time or
OSTD at the beginning of a MAS during the data period according
to the frequency hopping pattern of channel 2 (FIG. 2). In other
words, an ad-hoc radio communication device may reserve or
select a default plurality of two frequency sub-ranges of a
frequency range (in accordance to a frequency hopping pattern

that has no offset of the default channel) for transmission or
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can easily identify the TFC offset by just finding the two frequency bands
used in a particular GSTD in a particular MAS. [0044] In one enbodi nent,
any devi cEOI200%13872ad- hoc radi o communi cati on devi ces' gPOUSGREOONVOE Or
uses a default plurality of two frequency sub-ranges of the frequency range
for transm ssion during an OFDM synbol transm ssion tine according to a
frequency hoppi ng pattern. For exanple, the device may al ways reserve or
use a default plurality of two frequency bands 103 and 105 of the band

group 6 FIL.G_ 6.) far transm ssjon_of DM synmbql s during the first OFDM
synbol ?r?eanﬁﬁlsos?i c})rlil taicﬁgrglan%Tt’)lé{’ the g%:%ﬁ“h?f%/% RAPRL ngASaGGetAg FRE dat a
period according to the frequency hopping pattern of channel 2 (FIG 2). In
ot her worteP &d-thde ?&d?g_eeﬁnﬁﬁ?b%t?wwét@%ﬁr@%r@@ éd-beFect a
default plurality of two frequency sub-ranges of a frequency range (in
accor da 1% CRMMEGGeREPRhEPPL Y Pay t 2FvaYhathdree ridieofdefeulof offieedef aul t
channel) for transm ssion orreception in accordance with the frequency
hoppi ng tht ésn TFFopfégatpPLe,(6W t b nEER. a@lr holor adian searminigchbbonngy oup,
an ad-hoc radi o communi cation device may al ways choose the default offset,
such as WhREGedhf a4t the( BRYinniky S f 6)he foransmainsnidr,i npebelacanqsr Wherein at
the beginning of the transm ssion, the default plurality of two frequency
sub- r angdsirarle thr efuency fbagdsndP3sdndr ditfes Rofe aneidiencoXarnkbs. 1bbe

beacons transmtted by the adhoc
and 105. For another example, the beacons transmitted by the ad-
hoc radio communication device may reserve a MAS for
transmission of OFDM symbols during the data period using a
default offset, such as TFC offset 0 (671), wherein at the
beginning of the data transmission (at the start of the MAS),
the default plurality of two frequency sub-ranges are frequency
bands 103 and 105.
[0045] In one embodiment, when a device in the ad-hoc radio
communication devices’ group senses that é default plurality of
-two frequency sub-ranges or a default TFC offset is not
available for transmission of OFDM symbols, the device may
select another plurality of two frequency sub-ranges or another
TFC offset for transmission. For example, if a device senses
that the default plurality of two fregquency bands 103 and 105 is
not available at time slot 301 according to a frequency hopping
pattern or time shifted version of a frequency hopping pattern,
the device may select another plurality of two frequency bands,

such as band 108 and 110, for transmission of OFDM symbols.
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radi o comuni cati on device may reserve a MAS for transm ssion of OFDM
synbol s during the data period using a default offset, such as TFC offset O
(671), whwoeney/zp728he begi nning of the data transm ssi oRCI&G20M®oEart of
the MAS) , the default plurality of tw frequency sub-ranges are frequency
bands 103 and 105. [0045] In one enbodi nent, when a device in the ad-hoc
radi o communi cati on devices' group senses that a default plurality of two
frequency sub-ranges or a default TFC offset is not avail able for ‘

transm s of OFDM s ls, the device may sel ect another plurality of
t wo fre?}ﬁ’é’%c%ﬂ ts[ﬁb-OPSnS%‘gggimgﬂBt hehe 6 &S thensihssi BhPer%gY
exanple, if a device senses that the default plurality of two frequency
bands 10% &h§ 108 fEeAYENSYarPapranees itk sTHGE iodc dndipsgordance
frequency hopping pattern or tine shifted version of a frequency hopping
pat t er nWifthe 2adédMee Sha ted| BeEs oot dertis Uimgduenaf homw ihwegaeheynbands,
such as band 108 and 110, for transm ssion of OFDM synbol s.[0046] In one
enmbodi NERE, exhaPdevi thesdpévesmanesotdmr fileurclhietry pdfurkihe thwo £f tRquERSy
sub-ranges for transm ssion in accordance with a tinme shifted version of
t he freduedqognhyppandspadBeand Fbe Bxanplansntikeidel v@ mayosakeet ihen ot her
plurality of the two frequency bands 108 and 110 for transm ssion in

aCCO{daaceimbtbhaftEHEVshEibﬁdoﬂeﬁﬁé(Htéﬂudd@@'hb@@ﬁ%@cbaheéEEDgnQﬁéiﬁrn’

namey TFC offset 1 (672 as in FIG. 6).
[0047] In one embodiment, if times are reserved for the other
plurality of the two frequency sub-ranges of the frequency range
in accordance with the time shifted version of the frequency
hopping pattern, then the device reserves a different plurality
of two frequency sub-ranges of the frequency range in accordance
with a still larger time shifted version of the frequency
hopping pattern. For example, if times are reserved for the
other plurality of the two frequncy bands 108 and 110 of the
frequency band group 680 in accordance with the time shifted
version of the frequency hopping pattern, namely TFC offset 1,
the device may reserve a different plurality of two frequency
bands, such as bands 107 and 109 in accordance with é still
lafger time shifted version of the freguency hopping pattern,
namely TFC offset 2 673 (FIG. 6).
[0048] Similarly, if times are reserved for the plurality of the
two frequency bands 107 and 109 of the frequency band group 680

in accordance with the larger time shifted version of the
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TFC offset 1 (672 as in FIG 6 ) . [0047] In one enbodinent, if tinmes are
reserved for the other plurality of the two frequency sub-ranges of the

f requencywoangei3pre4accor dance with the tine shifted ver CorsGadootoneEo1
frequency hopping pattern, then the device reserves a different plurality
of two frequency sub-ranges of the frequency range in accordance with a
still larger tinme shifted version of the frequency hopping pattern. For
exanple, if tines are reserved for the other plurality of the two frequncy
bands 1 oup 680 in accordance with the

eangnélohof t he frgquency ba%$ r _
time shiftted versi'gRPoPIt RatFs Eoudhye o%ﬁFﬁ@fﬁéﬁﬁe?m,tﬁﬁnﬁPV1¢FCm6stet 1
, the device ma reg%rve a different plurality of two frequency bands, such
as band$®E67VEnd 166 PRSRECBFYEREE Ydh trsfieaueacyebanfife shéhtas versi on
of the frgguenc hoppingepattern, namely TFC offset 2 673 (FIG 6 ) .
[0048] SPRFFalPd, anf P hein arecordancrediiftdr anhevehusaliitylatgehet ime
frequencxlbands 107 and 109 of the frequency band group 680 in accordance
with thénNEAaEgar veraeoshoft elte vereiummayf hopefinggpentyrhpppamgl patrer n,
nanely TFC offset 2 , the device may reserve a different plurality of two
f requeneftfbands, 634chFa8. bands 104 and 106 i n accordance with an even stil
| arger tine shifted version of the frequency hopping pattern, nanely TFC
of fset 300441 (FHt Ghé jollowing, two options for selecting a plurality

of two frequency sub-ranges for transmission in accordance with

a frequency hopping pattern are proposed catering to the use of

slotted offset TFCs with scheme proposed in [5].

[0050] In one embodiment, a device in the ad-hoc radio

communication devices’ group may select or reserve a plurality

of. two frequency sub-ranges of the frequency range for

transmitting a plurality of two OFDM symbols. In one embodiment,

the device selects or reserves the plurality of the two

frequency sub-ranges in accordance with a random time shifted

version of the frequency hopping pattern, or a prior fixed time

shift of the frequency hopping pattern at every OFDM symbol

transmission duration during a fixed time slot. In one

embodiment, the fixed time slot is a beacon slot or a MAS. For

example, a beacon may be transmitted by a device in a beacon

slot using a default TFC offset, say TFC offset 0, or using a

randomly chosen TFC offset. For another example, a beacon

transmitted during a BP by a device may select or reserve a

default TFC offset, such as TFC offset 0O (671 as in FIG. 6), to
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[0049] In the follow ng, two options for selecting a plurality of two
frequency sub-ranges for transm ssion in accordance with a frequency
hoppi ng paiot2eswi3are proposed catering to the use of sl oPCesGabéd™mer10TFCs

Wi th schenme proposed in [5] . [0050] In one enbodi nent, a device in the

ad- hoc radi o comuni cati on devices' group may select or reserve a plurality
of two frequency sub-ranges of the frequency range for transmtting a
plurality of two OFDM synbols. In one enbodi nent, the device selects or

reserves the nluralit reguency_sub-ranges in accordance with a

f the t f
randon1t|r%?%sﬁtfﬁg&avéPg?Bﬁ gfd¥ﬁ@ PrEHUEncl OIS FAPOEARensy & prior

fixed tine shift of the frequency hogping pattern at every OFDM synbol
transm $53GP W FANSEY LaGR ABTANE| 3eBP tPYred de5ticq maghesdrssdPreneserie
fixed tine slot is a beacon slot or a MAS. For exanple, a beacon nay be
t ransni tt E@5\P™a THeVPEESPR- asBehcadn BIGtofkialy & efldulor TEC offset, lsay
TFC offset 0 , or using a randomy chosen TFC of fset. For another exanpl e,
a beacon %Zdns®irt TEG abfrag & BP7BY, ol e ffipetsd d6t74onsr éseFye. a
default TFC offset, such as TFC offset 0 (671 as in FIG 6), totransmt
dat a durfiing t® dabaspéri ddtal duaiong herderdqsiment., a beacon transnitted
during a BP by a device may sel ect or reserve a random TFC offset, such as
TFC of f 461050 1( 8R&) fol 1dkh@f dmedd ilmdf7 2)s ianubkCaeklsahadr(fH8)gcwx TFC
offset 3 (674 as in FIG -

standard. The DRP is used in the ECMA standard. According to the

embodiment, a device always tries to search or reserve MASs

where transmissions and receptions can happen using a default

TFC offset (i.e. TFC offset 0 (671), FIG. 6) in accordance with

a frequency hopping pattern such as the frequency hopping

pattern of channel 2 (given‘in FIG. 2). If adequate bandwidth is

not available (all the MASs are reserved for the data period},

then the device may try to reserve MASs for transmissions and

reception using the next higher TFC offset of the channel in

accordance with a time shifted version of the frequency hopping

pattern of the default TFC offset. For example, a device always

reserves MASs pertaining to TFC offset 0 (671) as shown in FIG.

6, when it requires bandwidth. If all the MASs are reserved for

TFC offset 0, then the device may try to reserve MASs for higher

TFC offsets of the channel such as TFC offset 1 (672) or TFC

offset 2 (673) or TFC offset 3 (674) as shown in FIG. 6 in the

same band group 680. The device should ensure that all the MASs

are occupied for the default TFC offset (i.e. TFC offset 0
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6) , totransmt data during a data period. [0051] The follow ng

enbodi nent is illustrated under the ECVA standard. The DRP is used in the
ECVA st arwiandos/isgrer ding to the enbodi ment, a device al RaysGRod9@80100 search
or reserve MASs where transnissions and receptions can happen using a
default TFC offset (i.e. TFC offset 0 (671), FIG 6 ) in accordance with a

frequency hoppi ng pattern such as the frequency hopping pattern
2 (givenin FIG 2). |If adequate bandwi dth is not available (al
t he data period t hen the device mm

of channel
t he MASs

try to reserve MASs

f ,
for {rezlﬁ‘%ﬁgéi BedoaRd TPeCEiNBASS NP D HaT rﬂFg?n@rffyFPG §0F5edsofFEhe

channel in accordance with a tinme shifted version of the frequency hopping

pat t er n O3 Seite ladfeddlt OTFEFGT pEESSt For (Ehdnpie TEE @difises 3l wayd)

MASs pertaining to TFC offset 0 (671) as shown in FIG 6 , when

Feserves
it requires

bandw dPRe PRbaPimeRs, MASsaadeviesdraedrilyr SFRCRGT fchetind ththdavibe devi ce
may try to reserve MASs for higher TFC offsets of the channel such as TFC
of f set May6?Rpuge TREtothselWAZs (6 rwrd TG tafifrdetly 3o G7dprascebawntia Fl G

6 in the same band group 680. The device should ensure that al

t he MASs

are occeofifedtf be hhe debasbihe TEC tidsetrdderaredlperelfinehg0c67any) 1bedpr e

reserving MASs for another TFC offset such as TFC offset 1 (672

or TFC

of f set 2FC633Fset.TER 6hésSehbSd{BAh), dHr onre ierbediueat enkfira ggYEce has

only one RF chain, the device
the MASs are occupied for all lower offsets of TFC before

reserving MASs for a particular TFC offset such as TFC offset 1

{(672) or TFC offset 2 (673) or TFC offset 3 (674). In one

embodiment, if the device has only one RF chain, when the device

holds reservations for some MASs pertaining to a particular TFC

offset and intends to reserve more MASs using any higher TFC

offset(s) of the channel in the same band group 680, the device

may ensure that the MASs to be reserved for the higher TFC

offset (s) be not the same as the MASs reserved for that

particular TFC offset.

[0052] In another embodiment, a device in the ad-hoc radio

communication devices’ group may select or reserve a plurality

of two frequency sub-ranges in accordance with a time shifted

version of the frequency hopping pattern, the plurality of two

frequency sub-ranges being different from a plurality of two

frequency sub-ranges that have been reserved or selected by

another device in accordance with the frequency hopping pattern

or a time shifted version of the frequency hopping pattern in
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may ensure that the MASs reserved pertaining to a particular TFC offset be
not the sanme as those reserved pertaining to any |lower TFC offset. In one
enbodi merwQ 200ve13g2¢i ce shoul d ensure that all the MASs a&c@/seecenpv@dl for all
| ower of fsets of TFC before reserving MASs for a particular TFC offset such
as TFC offset 1 (672) or TFC offset 2 (673) or TFC offset 3 (674). In one
enbodi nent, if the device has only one RF chain, when the device hol ds
reservations for some MASs pertaining to a particular TFC offset and
i nt ends 49 re_ﬁlr\(/:e méir.e MASS usi ng,any hi gher, TFC offset (s) of the channel
in the sa and “gr6dp °6 6™ HRACAEYPR el B s e Uhat'ee avasy ics ba
reserved for the hi %her TFC of fset (s) be not the sanme as the MASs reserved
for that FartS OPCar2Pre GPFEBPICADHER] eV GaiTt HEowtsedismentthas deviioe i n
the ad-hoc radi o communication devices' group nay select or reserve a
pl ural i ty O RETAPEqUuénty ¥BBsSt angeslure lhideordaric® irteyuanciynsubhi f t ed
version of the frequency hopping pattern, the plurality of two frequency
sub-range 956 g dhef Ereanehepnrangd wald tTFOfo fifise tf fequenay ssubstanges
that have been reserved or selected by another device in accordance wth
t he freduercyolmdpprrgwpaht eha drequénap dpditred peersiran agk trbeckequsncy
hoppi ng pattern inthe ad-hoc radi o communication devices' group. \Wen a
devi ce iquctipeedd- bhe dadiocCRaAPUSE Lot My VLGRS a0LAYFeTRATES1LPAL; dyring

of two frequency sub-ranges from the frequency range or a higher

TFC offset that has not been selected or occupied for

transmission of OFDM symbols. This embodiment is also

illustrated under the ECMA standard.

[0053] For example, a device seeking reservation of bandwidth

always tries to reserve or use the already reserved time slots

(MASs) by using an unused TFC offset of the channel. In case

time slot 301 is reserved in accordance with TFC offset 0 (671),

then the device may seek to reserve the reserved time slot 301

using an unused TFC offset such as TFC offset 1 (672), or TFC

offset 2 (673), or TFC offset 3 (674). If the reserved MASs are

unavailable for the device for any TFC offset of the channel,

then the device seeks to reserve MASs other than the ones

already reserved.

[0054] In one embodiment, every communication device may always

reserve MASs pertaining to the least possible and available

offset should it require bandwidth, and if all the MASs are
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atinme period (i.e. MASs), a plurality of two frequency sub ranges of the
frequency range or a TFC offset for transm ssion in accordance with the
frequencywboppingzpatt ern are reserved or occupi ed, thePdesicearImwayosel ect
or reserve a different plurality of two frequency sub-ranges fromthe
frequency range or a higher TFC offset that has not been sel ected or
occupi ed for transm ssion of OFDM synbols. This enbodinent is al so
illustrated under the ECVA standard. [0053] For exanple, a device seeking

reservatjon of O{%nde dt h_al vva}(' tries to reserve or use the already
reserved T35 1 0% EMBSEFT b9 E%‘?Bg HheRreRky SHRE st fidet dsvicke tENakfel . In

case tinme slot 301 is reserved in accordance with TFC offset 0 (671), then
the devi'&@ STy SBeR £8Tr 8sBigRe¥ nef feeriedths mamg shazwelysi ng an unused

TFC of fset such as TFC offset 1 (672), or TFC offset 2 (673), or TFC offset
3 (674) .19055Ihdny eger sBROMASRN Br evhTaVIHIG dbimesf @ret e seeviedeotor any TFC
of fset of the channel, then the device seeks to reserve MASs other than the
ones al réd@fFtedseivhdn FRO5d¢fanl bnel endblodi yrertt twey eirg quenkynisabti on devi ce
may al ways reserve MASs pertaining to the | east possible and avail abl e
of fset ghraged iof rtequtregbamcw ditge afsl | fraaldmildid MASS caraiageeyednhéor a
given offset, then only should the device try to reserve MASs for a higher
of f set ifireluensgmoppangepattern, the device selects another plurality

of two frequency sub-ranges for transmission.

[0056] In one embodiment, if a device that wants to transmit a

plurality of OFDM symbols in the ad-hoc radio communication

devices’ group senses that all the frequency sub-~ranges are

already reserved or used in accordance with the frequency

hopping pattern and all the time shifts of the frequency hopping

pattern, the device will select a plurality of two frequency

sub-ranges in accordance with the frequency hopping pattern or a

time shifted version of the frequency hopping pattern that will

be first released from being used to transmit the plurality of

OFDM symbols in aqcordance with the frequency hopping pattern or

the time shifted version of the frequency hopping pattern. In

one empodiment, a counter clock is applied to the frequency

hopping pattern and to each time shifted version of the

frequency hopping pattern, and upon the release of a plurality

of two frequency sub-ranges from being used in accordance with

the frequency hopping pattern or a time shifted version of the

frequency hopping pattern, the counter clock corresponding to
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[ 0055] In one enbodi nent, when the tines are reserved or selected within
the default plurality of two frequency sub ranges of the frequency range
for transwDasr9Irecordi ng to the frequency hoppi ng pat PersGoda®odeyi ce

sel ects another plurality of tw frequency sub-ranges for transm ssion.
[0056] In one enbodinent, if a device that wants to transmt a plurality of
OFDM synbol s in the ad-hoc radi o comruni cati on devices' group senses that
all the frequency sub-ranges are already reserved or used in accordance

with thefJr hoppi.n attern and all the ti shifts of the frequency
NG Hlel GAUENE ] i
hoppi ng pgtterﬁ, %ﬁg ggenggmf?Tt%ﬁﬂeﬁﬁéE¥ﬁﬂtﬁ%$Qt dftefwgerpaghenty
sub-ranq&F i@~accordagce with the frequency hopping pattern or a tine
shi fted vé&r $iF6RYSF Y hePPaiBent Yy fidppl WiF iratedmy Cfstr sRienteBe fFpRse
rel eased frombeing used to transmt the plurality of OFDM synbols in
accor daRCEWREATEREDF Va4UBncY et i) g3attther womn tielre cliomds shifhed ver si on
of the frequency hopping pattern. In one enbodi ment, a counter clock is
appl i ed 45§ h&her dgliéReyshapp$ nige patansmi tarkdiet OF&Ncls ymbrésshtftled versi on
of the frequency hopping pattern, and upon the release of a plurality of
two frefdameyisubofahjestie ofr dmieryuseb-irangesordaaceowtbhce heifh eguency
hoppi ng pattern or a tinme shifted version of the frequency hoppi ng pattern,
t he coultrequehogkhoppi g ppadienn tat hedf rageesty fhegpivegspaht 8 Ncst t hat
time shifted version of
frequency hopping pattern.
[0057] The embodiment is also illustrated in the ECMA standard.
PCA is used in the ECMA standard to provide differentiated
distributed contention access to the medium for a device for
transmission. As an illustration of the embodiment, four
independent and parallel implementations of the existing PCA
back off module and protocol (as specified by the ECMA
specification) are proposed to be used in parallel for use of
the slotted offsets of a TFC with different starting frequency
sub-ranges using PCA.
[0058] For example, when a device has a data packet to send
using the PCA, the device tries to send the packet using the
default TFC offset (TFC offset 0 (671)) as shown in FIG. 6 in a
MAS. When a device senses the TFC offset 0 of the channel busy,
the device invokes a back off mechanism similar to that used by
the PCA in the ECMA specification. The back off counter is

frozen as long as the TFC offset 0 remains in use or busy, and

the back off counter is decremented when the TFC offset 0 of the
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the frequency hopping pattern starts being decremented froma predetermn ned
val ue, wherein when the counter clock reaches zero, the device starts to
transmt wbheo®ABM2ynmbol s at the plurality of the two fPegsean/osul ranges
in accordance with the frequency hopping pattern or the time shifted
version of that frequency hopping pattern. [0057] The enbodi nent is al so
illustrated in the ECVA standard. PCA is used in the ECVA standard to
provide differentiated distributed contention access to the mediumfor a
device fQr transmission, A,s an illustration of the enbodi nent, four
%ﬂ%?en%

i ndependent' "&nd *Sar ai'F & At &tF o Qﬁlqﬂ%§'efﬁfypﬁ§_Pé?oﬁécPaSFf |
nodul e a protocol,éas specified by the ECVA specification) are propose
to be used WUPaFal F8I PFEYIE8R T t#ReRITG of fsrtsafs the ghrpged t four
different starting frequency sub-ranges using PCA. [0058] For exanple, when
a devi cé"H&PeRIGAT aMpAEkRE ERCREMHN U NG q H&1aRCASechbYd@FRcént thesECBAsend
the packet using the default TFC offset (TFC offset 0 (671)) as shown in
FIG 6 iSPegifAsatipeh. aVderi zedeehseshasheabketoftbseend ahdt kenshanael busy,
t he device invokes a back off nechanismsimlar to that used by the PCA in
t he ECMAhep8ELf pEasedn. oThehbackamid]l doiat,erthies devazen iasokesgaapathe TFC
offset O remains in use or busy, and

off counter for every TFC offset. The back off counter for a TFC

offset is frozen as long as the TFC offset remains in use or

busy, and the back off counter is decremented when the TFC

offset of the channel is sensed idle. When any of the four back

off counters reaches zero, the packet is transmitted using the

TFC offset corresponding to the back off counter that reaches

zero. Hence, the packet is transmitted as soon as one of the

back off counters corresponding to the four TFC offsets of the

channel reaches zero. It should be noted that the delay in

accessing one of the TFC offsets by a packet is lower as

compared to the case when only a default channel (with no TFC

offsets) is used. It has to be noted that if two devices

transmit Request To Send (RTS) frames in overlapping time

interval, a third device with only one antenna and one RF chain

may receive only one of the two RTS frames. However, if a device

has already obtained a transmission oppurtunity (or TXOP) using

PCA in one of the TFC offsets, then after the completion of

transmission of the corresponding RTS from the corresponding

owner of the above transmission oppurtunity any other device may

36



t he back off counter is decrenented when the TFC offset 0 of thechannel is
sensed idle. In one enbodinent, the use of one back off counter is provided
for each wbQowifiget of the channel (four independent noaarss2e@mho1si m | ar
to that used by PCA in the ECVA specification) . Wien a device has packet
to send and senses all the TFC offsets of the channel busy, the device

i nvokes a back off counter for every TFC offset. The back off counter for a
TFC offset is frozen as long as the TFC offset remains in use or busy, and
t he back off counter is decrenmented when the TFC of fset of the channel is
sensed iWNEINVRERTERY SFaBRBLSSLAN HRRRIGTYN olntar IXOBAcHedngePEA the
packet is transmtted using the TFC of fset corresponding to the back off
count er ¥adtheredERestEers. thighcever b pacikat tine tiiamsni(foedeas soon as one
of the back off counters corresponding to the four TFC of fsets of the
channel treashéssienoopporthoityl. beletnted diwat ittheadel ayviikeacaessi ng one of
the TFC offsets by a packet is |ower as conpared to the case when only a
def aul t nettavomél ubeist hnhp IHE R f i), ithdisabpdsednashkaecbesnghed that if
two devices transmt Request To Send (RTS) frames in overlapping tine

i nt er valimpa oivieined tdeveeet Mk t O dh e @nte8NNg aRd rene REmghai n may receive
only one of the two RTS franes. However, if a device has already obtained a

transm $pie@n faPRYAbHNLEY 4RI a ST XFIr PG RCAH R1reNgeffiotRe; IFC of fsets,

then after the conpletion of
concerned. Howeve;, if a device has multiple RF chains, then the
device may be able to receive multiple simultaneous RTS
transmissions. In one emobodiment a device maintains a Network
Allocation Vector (NAV) (as given in ECMA specification) for
every offset of TFC. In the‘event that a device chooses to send
a RTS frame in an offset of TFC, the device shall ensure that
the duration field included in the RTS frame is less than the
least of its non zero NAVs or least of its non zero NAVs minus
RTS frgme transmission time. The above resolves a deafness
related issue. In one embodiment, a device may not start the
transmission of a RTS frame (for at least one RTS frame
transmission auraﬁion) in a particular TFC offset even if it had
obtained a TXOP in that offset if the device senses that in the
immediately preceding past time interval of duration RTS frame
transmission time plus SIFS, medium in another TFC offset had
become busy after the medium in that other TFC offset having

stayed idle for AIFS or longer.
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transm ssion of the corresponding RTS fromthe correspondi ng owner of the
above transm ssion oppurtunity any other device mayobtai n anot her

transm ssworroppar2suni ty (or TXOP) using PCA in anot her PCESGaédo®ea101 hat
overlaps with the first (former) transm ssion opportunity. Hence, even if
each device in a network uses only one RF chain, the proposed schene is an
i nprovenent over the PCA schene given in current ECMA specification as far
as every device in the network is concerned. However, if a device has

mul ti pl QOBI‘_.Sth@hn&letQﬁl@oéﬂ@eﬁj@v'a(rzefner@%dbefoqblt?a%%ml‘?:g%h\ﬁeo%ht E? ols

si mul t aneous RTS transni ssions. I n one enpbodi nent a device nmi ntains a

Net wor k o) QR ; r Y spe¢l.fication) for every

of f set g&'TFéghf% %h égenéhﬁﬁ%t£%§le¢F%§m' 5%%2? degéﬁ Sat I‘-%Ték1 me in an

of fset qf h vice haI ensur e t hat the durat.io f| | d |ncI ded in

t he RTS?l rarrgdll% 8%%‘1% A-thé <ii%a]s(fesof 8 Engy PPyt 5rC BEEROYf its
non zeroONAVS m_nus Rg % qﬁ transm ssion tine. The above resol ves a

deaf ness F@F&Fé&glsg 1r5h dne” e oMy ndSFtdOn RS VA6e Sfafbet p@-

transm ssion of a RTS frane (for at | east one RTS frame transm ssion
duratio ClﬁanBaFPW@HPé?aﬁ¢Q?cﬁ?%&ﬁeﬁauﬁ¥qqp|ﬁ?5ﬁ§61@6télﬁéénémTﬂﬁrbmn t hat

offset if the device senses that in the imedi ately precedi ng past tine

i nt ervalt i8¢ B6rAPPORORTE ¢ r bR IMkgsiAs Sifor thims tplbdurslESy nédtwen in

anot her TFC of fset had
OFDM symbols in a first plurality of two frequency sub-ranges of

a frequency range Selected for transmission in accordance with a
frequency hopping pattern, the frequency range comprising a
plurality of frequency sub-ranges; in the same transmission time
period, a second ad-hoc radio communication device of the ad-hoc
radio communication devices’ group reserving the transmission of
a second plurality of two OFDM symbols in a second plurality of
two frequency sub-ranges of the frequency range, wherein the
second plurality of two frequency sub-ranges has no overlap with
the first plurality of the two frequency sub-ranges. In one
embodiment, the frequency hopping pattern is with reference to a
fixed time.. In one embodiment, the fixed time is the start of a
beacon slot or the start of a MAS. In one embodiment, the second
ad-hoc radio communication device reserves the same transmission
time period for the transmission of the second plurality of the
two OFDM symbols in accordance with a time shifted version of

the frequency hopping pattern.
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become busy after the nmediumin that other TFC offset having stayed idle
for AIFS or |onger.[0059] In one enbodi nent, a nethod for transmtting OFDM
synmbol s byoaopiusakity of ad-hoc radio comuni cation de®Cess200/0amoadhoc
radi o comuni cation devices' group is provided, the nethod conprising: a
first ad-hoc radi o comuni cation device of the adhoc radi o comruni cation
devi ces' group reserving a transmssion tinme period for the transm ssion of
a first plurality of two OFDM synbols in a first plurality of two frequency

sub-rangemedf] anfbREUEAEYIIAREEE, SBIEWUHRA Iy A aRSTLSRECR LR BEGALHaNce

with a frequency hopping pattern, the frequency range conprising a

plural Tt 0foef L8GLERAY oaUD- hEROESs Adl IR, AAMR IS LIS AR L e peri od, a

second ad-hoc radi o conmmuni cation ce o ad-hoc radi o conmmuni cati on

L ors gl LERE" KbnOrEDe: L EAPSITARLAN Of 22800 LR LY 1BF, Li0 oM

synbols 1n a secon two TTeque

range, ei_n .t cond ural i of two frequency sub-ranges has no
ove?lap%aﬁ%ﬁttﬁengjiztlﬁlE?éri % %gkﬁﬁﬂ?ﬁRM§lﬁked&éﬁ@Vl§ﬁﬁ-Féﬁﬁ@s. I n one

enbodi ment, .the frequency hopping pattern is with reference to a fixed
time. IngﬁépgﬁbggiEgﬁf?gth%8¥i§%¥F??rﬁ?¥:§QHﬂQm§WaPﬂc5fa§ pédesh §Pot or
the start. of . a MAS. In one enbodi nrent, the second ad-hoc radio

comuni S8R tdebPREOT eserGRs2$ NEFG sl 19tarfs nicddil orrt THE péfsed flor the

transm ssi on of the second plurality of the
(672), or TFC offset 2 (673), or TFC offset 4 (674). Note that

in the first optidn mentioned above, the number of devices that
can be supported is limited to the number of available beacon
slots (as is the case in current ECMA specification). However,
with latter option, the number of devices that can be supported
caﬁ be up-to a maximum of four times the number of available
beacon slots. Moreover, with this latter option, beacon
collisions may also be reduced since with lower probability will
any two devices send beacons with the same offset in the same
beacon slot compared to the case where only one default channel
without offset is available to the device while transmitting
beacons.

[0061] Also under this option, the usage of TFC offsets, such as
TFC offset 0 (671), TFC offset 1 (672), TFC offset 2 (673) and
TFC offset 3 (674) shown in FIG. 6, may require the OSTDs of
devices to be aligned and synchronized to each other to clock
period level. A device may be required to align the transmission

of an OFDM symbol at only the beginning of any OSTD.
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two OFDM synbol s in accordance with a tine shifted version of the frequency
hoppi ng pattern.[0060] In one enbodinent, two options for transmtting
beacons c&i020@/Bar2ni ed out. Devi ces nmay al ways choose t ireTeRenionoiohanne
with no offset for transmtting beacons, such as TFC offset 0 (671) in FIG
6 . Alternatively, if devices carry nultiple RF chains, any device nmay
randomy pick an offset to send its beacon, such as TFC offset 0 (671) or
TFC offset 1 (672), or TFC offset 2 (673), or TFC offset 4 (674). Note that

in the flioosR2]optd ong NENti Hned apave o d-hecnyaher 95mﬂ§ﬂi8%’§i$rtﬂaéex?f?&e be

supported is limted to the nunber of avail able beacon slots (as 1s the

case | ngoul 6eRbr B 6HOGAL | GRlddiont MIMRYRY 1 WehlibAt L gL gpLion. the

nunber of devices that can be supported can be up maxi num of four
times t : of ' 0 | . Noreagver, wt his latter
option,gﬁggggﬂg§%1IF@%?%%QQ%§Egﬁggwgé%Fégﬁégg Siﬁéie&f?ﬁ P%QEraﬂ?d%ability
wi || any  two gﬁgécegofend beacons with the sanme offset in the sane beacon
sl ot conparea 6 T he tase where only one default channel w thout offset is
availab&? gg tge devi c ile transnittin% beacons . [0061] Al so under this
opti on, [PR&3LsHy rs they SRS TPECEBE 1 8t cOPByMed 1T of fset 1
(672), TFC offset 2 (673) and TFC offset 3 (674) shown in FIG 6 , may
requiresﬁﬁécﬁfﬁtglfﬁt plurality of two frequency sub-ranges of a

frequency range for transmission in accordance with a frequency
hopping pattern, the frequency range comprising a plurality of
frequency sub-ranges.

[0064] In one embodiment, the transmitter 802 is configured to
transmit a plurality of two OFDM symbols in the selected
plurality of the two frequency sub-ranges in accordance with the
frequency hopping pattern.

[0065] In one embodiment, the selector 801 is configured to
select the first plurality of the two frequency sub-ranges of
the frequency range for transmission such that the device
transmits the plurality of the two OFDM symbols at a same
transmission time period with another ad~hoc radio communication
device that is within the same ad-hoc communication devices’
group, wherein the other devicé uses a second plurality of two
frequency sub-ranges of the frequency range for transmission,
and wherein the first plurality of the two frequency sub-ranges
has no overlap with the second plurality of the two frequency

sub-ranges.
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devices to be aligned and synchroni zed to each other to clock period |evel.
A device may be required to align the transm ssion of an OFDM synbol at
onl'y the wegnmmispg4of any OSTD.[0062] FIG 8 illustrategCascastoeor adi o
comuni cati on device 800 according to one enbodi nent of the invention. In
one enbodi nent, the device 800 may conprise a selector 801, and a
transmtter 802. [0063] In one enbodinent, the selector 801 is configured
to select a first plurality of two frequency sub-ranges of a frequency

ange | oddeneR) sakoDRcsest Satce MDA SUUBTSY, hapelng palEr e

frequency range conprising a plurality o “ranges: I n

one enbqdi L ransm.tier 8 is configured to transmt a. plurality
of two %%5%&%&%50?? %n§§%§asé Bete FﬁQﬁ%ﬁWQéﬁ%ﬂethet&ﬁo%ﬁﬁ§8réﬁ§§]ls
sub-ranges in_accordance with the frequency hopping pattern. [0065] In one
enbodin%%ﬁ,sﬁﬁg%ngeét Faget T o%dﬁ?iéhﬁ & §§I€c#ﬁ§heIPiP§? pluralityhof
the two frequency sub-ranges of the frequency range for transm ssion suc
t hat thgn%ﬁgv' n¥raﬁ§ﬁiPEg?ﬁed%N{ﬁ%HQ%%ﬁ(ﬁhQiﬁ§QQN§ OFDWRyiFioPS Bhea same
transmssion time period wth another ad-hoc radi o communication device
that is St AirRIIRBCYafBlatiz rErRs cohmilifi dadanendayireage gooupranbeieshon he
ot her device uses a second plurality of two

in accordance with a time shifted version of the frequency

hopping pattern. In one embodiment, the device uses the first
plurality of the two frequency sub-ranges of the frequency range
for transmission in accordance with a time shifted version of
the frequency hopping pattern. In one embodiment, the frequency
range is a frequency band group, and the frequency sub-range is
a frequency band within the frequency band group. In one
embodiment, the frequency band group comprises eight frequency
bands. In one embodiment, the frequency hopping pattern is a
Time-Frequency Code (TFC).

[0067] In one embodiment, the ad-hoc radio communication device
further comprises a synchronization circuit 803, wherein the
synchronization circuit 803 is configured to synchronize the
device with other devices within the ad-hoc radio communication
devices’ group.

[0068] In one embodiment, in each frequency sub-range, the
transmitter 802 is configuréd to transmit an OFDM symbol such
that the OSTD of an OFDM symbol transmission follows an OSTD of

another OFDM symbol transmission with no time interval between
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frequency sub-ranges of the frequency range for transm ssion, and wherein
the first plurality of the two frequency sub-ranges has no overlap wth the
second plwoabivnonit the two frequency sub-ranges .[ 0066PCirsGaomw/oenioodi emnt ,
the frequency hopping pattern is with reference to a fixed tine. In one
enbodi nent, the fixed tinme is the start of a beacon slot or the start of a
MAS. I n one enbodi nent, the other device uses the .second plurality of the
two frequency sub-ranges of the frequency range for transm ssion in

accor dagenW b} andi SRosbiddied A Ysah GhchNiBcl! BAHANCYROPPI ng pattern. In

one enbodi nent, the device uses the first plurality o e two frequency

b- : n r SGe r snl.ssign in_accordance.with a
f?ner2R?$§gg&$é$§?ﬁgggﬁgt éjfrequé%%fu%%% i%ggpggpg?néwfﬁcgﬁ%ge%ﬂgaLnent,
the fre nge i s .a f.requency ban rou and the frequency sub-range
isea frgg§§%¥yﬁﬁé%l\ﬁWQﬁé%qéﬁi”fféqﬁgﬁ y BEHgéﬁ?ﬁuﬁngﬁa%ﬁ%’éﬂﬁédgnent, t he
f band_grou onprises. eight frequency bands. In one enbodi nent,
the 11 oGBREY hEppi RYY pit (& 3SR or e EREGTERCS N CORRY( 7oL Teds7] I
one enboﬁinent, t he ad-hoc radi o comuni cati on device further conprises a
synchr ohi'3ht Fn @FTR Ut FoPFMhevaibelt hEagsReRPbANZAPL bAWEi 2R UPSTIROZE i s

configured to synchronize the device with other devices within the ad-hoc
radi o cBORALREEaPF M symbol transmission with a fixed guard time

interval between them.

[0070] In one embodiment, the selector 801 is configured to
reserve or use a default plurality of two frequency sub-ranges
of the frequency range for transmission in accordance with the
frequency hopping pattern. In one embodiment, the frequency
hopping pattern is with reference to a fixed time. In one
embodiment, when the times are reserved or selected within the
default plurality of the two frequency sub-ranges in accordance
to the frequency hopping pattern, the selector 801 is configured
to select another plurality of two frequency sub-ranges in
accordance with a time shifted version of the frequency hopping
pattern for transmission. In one embodiment, when the times are
reserved or selected within the other plurality of the two
frequency sub-ranges in accordance to the time shifted version
of the frequency hopping pattern, the selector 801 is configured
to select another plurality of two frequency sub-ranges in
accordance with a still larger time shifted version of the

frequency hopping pattern for transmission. In one embodiment,
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devi ces' group. [0068] In one enbodi nent, in each frequency sub-range, the
transmtter 802 is configured to transmt an OFDM synbol such that the OSTD
of an OFDND2yhish72r ansmi ssion foll ows an OSTD of anot hecTSERMIZYeoD
transm ssion with no time interval betweenthem In one enbodi nent, an OSTD
i ncl udes OFDM synbol transm ssion tinme and OFDM frequency sub-range
swtching tine. [0069] In one enbodinent, in each frequency sub-range, the
transmtter 802 is configured to transmt an OFDM synbol such that the OSTD

of an OERM gw@etotrmrﬂsss&&trﬂgqiﬂmoa@e@@z@ gf p%%*ﬂﬁty% ”bol
transmssion with a fixed guard tine interval between t I n one

embodi meRtqukhey SELSCE 80 ¢ S HROTH/ éﬁ% Qﬁﬁgéeﬁxea8£o¥§§n$edeféﬁ”&

plurality of tmo frequency sub-ranges quency range

transm i cof danc he uenc ho i attern. . In o
enbodln%%?agghglﬁge%BEnc§§n%%%ﬂﬁ%1péiﬁ%%n%ls EB gg%ﬁb%%eP?EF%f?.kEa )
tinme. In gne e odi tines are reserved,or selected wthin the
def aul t pPu n? W%BﬁFtéﬁhéﬁéyf§88PF8ﬁée OPR1RE B HEHER 10 the )
frequenc op attern the selector 801 is configured to sel ect. anot her
pl u?al i Fye 5"7\8&? cY U SrigEs dus a&desr Gaﬁéﬁgmﬁtﬁlée‘tilwé“%tﬁlfctted
versi on _of the frequency hoppi n pattern for transmssion. In one
enbodlnéﬁf thARFE Hel g Py symkol. In one embodiment, the fixed time

slot is a beacon slot or a MAS. If the fixed time slot ie a
beacon slot,vthe selector 801 can be configured to select a
plurality of two frequency sub-ranges of the frequency range in
accordance with a random time shifted version of the frequency
hopping pattern if all devices in the network have multiple RF
chains. In one embodiment, the selector 801 is configured to
select a plurality of two frequency sub-ranges in accordance
with a time shifted version of the frequency hopping pattern,
the plurality of the two frequency sub-ranges being different
from a plurality of two frequency sub-ranges that has been
reserved or selected by another device in the ad-hoc radio
communication devices’ group in accordance with the frequency
hopping pattern orva time shifted version of the frequency
hopping pattern. In one embodiment, if all the frequency sub-
ranges are already reserved or used, the selector 801 is
configured to select a plurality of two frequency sub-ranges in
accordance with the frequency hopping pattern or a time shifted

version of the frequency hopping pattern that will be first
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reserved or selected within the other plurality of the two frequency
sub-ranges in accordance to the tinme shifted version of the frequency
hoppi ng pabteswm3ohe sel ector 801 is configured to sel eeCTscaedadpopl urality
of two frequency sub-ranges in accordance with a still larger tine shifted
version of the frequency hopping pattern for transm ssion. In one

enbodi nent,the selector 801 is configured to select a plurality of two
frequency sub-ranges of the frequency range in accordance with a random

time shiddied seer $iref B ihHeufELaULNLY- RO Rak &hl, g%fquggggff fixed

time shift of the frequenCy hopping pattern at every

Lransm $oepA igupath RnduE! R0 nd | 0L ddd el Alon Y bhBNALLILRG, OFDM

synbol . I n one enbodi nent, e fixe ime s I S a beacon s a MAS.

If the ] i | s.a beacon slot, th ector 801 can be configured
to sele%fégnguggF?ngokgfmﬁ Y uEHd sﬁﬁ1§§ﬁ§L§y8%°9ﬁe frequency range in
accor da iLth_a randomtjnme shifted version of the frequency hopping
patternqﬁﬁiwll?8e9P8e§m??§{Wﬁpqﬂﬂﬁﬂﬁ'ﬁdﬁ & ﬁﬁPﬂPpF@mﬁFnéﬁéFh?? ¢%V?ﬁ%
enbodi t, the selector 801 is configured to select a plurality of two
freque2%3r§58§rSﬁﬁ8§l?ﬁsa%c%9%ﬁﬁﬁ%e%ﬁqq¥ 3044 RPrdiiept €@ FBEsfvRIBENEhe
frequency hopping pattern, the plurality of the two frequency sub-ranges
bei ng dPPPEﬂéﬁtpPFgﬁfa pRar e i e3cToftimpo shridqeehp rsdbar afigebet hat has been
reserved or selected by another device in the ad-hoc radio

frequency hopping pattern, wherein upon the release of a

plurality of two frequency sub-ranges from being used in
accordance with the frequency hopping pattern or a time shifted
version of the frequency hopping pattern, the counter clock 804
corresponding to the frequency hopping pattern or that time
shifted version of the frequency hopping pattern starts being
decremented from a predetermined value, aﬁd when the counter
clock reaches zero, the device starts to transmit the two OFDM
symbols at the plurality of the two frequency sub-ranges in
accordance with that frequency hopping pattern or that time
shifted version of the frequency hopping pattern.

[0072] The method of transmitting OFDM symbols using Slotted
Offset Dual Carrier Time Frequency Codes (SO-DC-TFCs) is
developed based on the basic slotted offset concept given in [4]
to cater to a system that employs DC-TFCs to transmit OFDM
symbols over UWB channel.

[0073] The SO-DC-TFCs can result in increase of the network

throughput by up to four times for a particular beacon group in
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conmmuni cation devices' group in accordance with the frequency hopping
pattern or a time shifted version of the frequency hopping pattern. In one
enbodi merwQ 2069/13b124t he frequency sub ranges are al r eadyPceEsere@doaol used,
the selector 801 is configured to select a plurality of two frequency
sub-ranges in accordance with the frequency hopping pattern or a tine
shifted version of the frequency hopping pattern that will be firstrel eased
from being used in accordance with the frequency hopping pattern or a tine

shi ft ed cempsiraRoafl wibr §6egueaCYg hoRR Mt IRAtIHELR H O 1haNS kLI Y.L wo OFDM
synbols. [0071] In one enbodi ment, the ad-hoc radi o comruni cati on device

further (GQuRkisSes:accAURt Shaghork P94 applie 1y Ui Id eauencxiongl ng

pattern and to each tine shifted version of the frequency ppi ng pattern,

wherein onst h el.ea ity of two frequency sub-ranges from
bei ng uggg'iﬁsaggéré§n§§r§§?ﬁ $%§£?$%%ﬂéﬁb§mﬁgﬁﬁiﬁ% B§t¥3yﬁ Sfrég?éne
shiftedfggr%hon OE Ehe frequency hopping pattern, the counter clock 804

correspon ingapge he"frequency hopping pattern or that time shifted version
of the fr n hoppi ng, pattern starts being decrenented froma
predete#ﬁ?ﬂgg @élﬁ%ggﬁﬁgl&ﬁeﬁﬁﬁﬁﬁlégﬁﬁféﬁnélBEﬁbPéa€ﬁ¢§°E€%69 Pardgievi ce
starts tg transmt the two OFDM synbols at the plurality of the two

frequen®y tBuALf5RERRE | RoRRERT dedicles i /h thisaebpveqmefkbpdhéppi ng pattern or

that tinme o _ , _
transmitting OFDM symbols using DC-TFCs can be generalized in

such a way that the number of offsets be commensurate to the
number of hopping bands and corresponding hopping pattern. In
addition, the method for transmitting OFDM symbols using DC-TFCs
is not limited to UWB system. It can be applied to other
wireless communications systems as well.

[0075] To cater to the proposed SO-DC-TFCs scheme, some changes
are required in a few information elements (IEs) as specified in
the ECMA specification as follows:

[0076] DRP IE: Bits bl3 and bl4 that are currently reserved in
the DRP Control field in the DRP IE are proposed to indicate the
TFC offset of the channel as shown in FIG. 9. Table 901
illustrates the DRP IE. Table 902 shows the DRP control field of
table 901. Table 903 shows bits bl3 and bl4 of the DRP Control
field, which are used to indicate the TFC offset of the channel.
[0077] PCA Availability IE: The two reserved bits (b2-bl) of the
Interpretation field of the PCA Availability IE are proposed to

indicate the TFC offset of the channel. We propose that
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shifted version of the frequency hopping pattern. [0072] The nethod of
transmtting OFDM synbol s using Slotted Ofset Dual Carrier Tine Frequency
Codes (SOWDCo®AG324i s devel oped based on the basic sl ot Ped/seRémevolooncept
given in [4] to cater to a systemthat enploys DC-TFCs to transmt OFDM
synbol s over UWB channel. [0073] The SO DC-TFCs can result in increase of
the network throughput by up to four tinmes for a particul ar beacon group

i nconparison with just using a default channel alone. Note that offsets for

ot her chamnelisna3 pdachanneknand: pbeyve s Qinten ¢ @cﬁ' Qva@l}lb&‘@ﬂt?efgﬁ“ ved
in asimlar manner as we have derived for channel .

gener al 2Ry tdiogn ditberents nunpes of ,Jb?fﬁgﬁ%:b%%ﬁe"“lpmdk%%D@Serhoppl ng

patterns, the above nethod for transmt s usin FCs can
Che e SPABSHEh LRSI L0 MR S LR PRI 10
e el g L0t o 8983 4109 CSPU S0l 0300 CLEECo L 0ok LA ed 0
rel L LA TR008! Shab o e LoR0 el PO TESS scheley  sor chonges are
SpeCIflC%%hgglasILOLLgmgmbodiment, additional PCA Availability IEs may

be sent if PCA availability for additional offsets of a TFC is

required.

[0078] Relinquish Request IE: Two reserved bits (b5-b4) of the

Relinquish Request Control field are proposed to indicate the

TFC offset of the channel. In FIG. 11, table 1101 shows the

Relinquish Request IE. Table 1102 shows the Relinquish Request

Control field of table 1101 in more detail. Table 1103 shows the

reserved bits b5-b4 of table 1102, which are used to indicate

the TFC offset of the channel.

[0079] MAC Capabilities IE: One of the reserved bits (bl) in

octet 1 in the current MAC Capabilities IE as given in the ECMA

standard is proposed to be used to indicate the capability of

the device to transmit in TFC offsets of the channel. In FIG.

12, table 1201 shows the MAC Capabilities IE. Table 1202 shows

the MAC Capability Bitmap of table 1201 in more detail, wherein

bl in Octet 1 is used to indicate the capability of the device

to transmit in TFC offsets of the channel.
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[0076] DRP IE: Bits bl3 and b!'4 that are currently reserved in the DRP
Control field in the DRP IE are proposed to indicate the TFC of fset of the
channel a®O0=heovwidiza FIG 9 . Table 901 illustrates the PRP/SGE009Daioe 902
shows the DRP control field of table 901. Table 903 shows bits bl 3 and bl 4
of the DRP Control field, which are used to indicate the TFC offset of the
channel . [0077] PCA Availability IE. The two reserved bits (b2-bl) of the
Interpretation field of the PCA Availability IE are proposed to indicate

the TFCobkegt pat thsashannels ME piepoge tmatr@qubbenakgé’%\ ﬂ/@' ' ability

| Es be sent if PCA availability for additional offsets of a TFC

requi re%ro}%QEe %Q%e QQt abf&? F&Aoﬁf‘]’iﬁsﬁ'@ 616% %1l Ex %ﬁ'l‘é %99@%%‘%‘@ the

Interpretation field e 1001 shoms thé use o

reserve b tapl.e 1002, which are used.to indicate the TFC

of fset @?Rkkg%ngﬁe%ﬂh g‘fﬁ% %Pnb%h ODQt'tS TN TPRACAYS géﬁi lity IEs ey
be sent . abi | it for ddltlonal of f set a TEC is require

[ 0078] ﬁeplgcﬁlg queltViE ¥ ?%E%P&e&anﬁg €%§Sﬁﬁf 8f the f@@ﬁ%ﬁhlsh
Request _Con roI fielLd are pro osed to indicate the TFC offset of the
chaﬁnel as) ﬁh?Y’@i llilFI(f’ab]r%pl 1SHolf ShevRe PHYqPBRAPRéGLESE TE: Taible 1102
shows the Relinquish Request Control field of table 1101 in nore detai

Tabl e 1iéﬁzsﬁBﬁgstH%erEg%rQQQFQﬁtQ9qi¥Qi4féﬁlﬁa@¢et§?@2 18Rl chnameraised t o

i ndi cate
detail, wherein bl is used to indicate the capability of a

device to transmit in TFC offsets of the channel.

[0081] Enhanced DRP Availability IE: A new IE is proposed to be
added to indicate a device’s view of the current utilization of
MASs in the current superframe (catering to the use of TFC
offsets of the channel) as shown in FIG. 14. Table 1401 shows
the newly proposed IE. Table 1402 shows the.Ihterpretation field
of table 1401 in more detail. Table 1403 shows bl-b0 of the
Interpretation field of table 1402 in more detail.

[0082] It should be noted that the proposed Enhanced DRP
Availability IE 1401 may be used in replacement of the existing
DRP Availability IE (in current ECMA specification) catered for
C-WPAN related specification(s). We propose that additional
Enhanced DRP Availébility IEs be sent if DRP availability for
additional offsets of a TFC is required. Alternatively, the
proposed Enhanced DRP Availability IE may be used as an add-on
new IE in order to keep the backward compatibility with current

ECMA specified devices. In such a case, the Enhanced DRP
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the TFC offset of the channel. [0079] MAC Capabilities IE: One of the
reserved bits (bl) in octet 1 in the current MAC Capabilities IE as given
in the ECNB2st%amsgend i s proposed to be used to indicatepPChsGeapabitbity of

the device to transnmit in TFC offsets of the channel. In FIG 12, table
1201 shows the MAC Capabilities I'E. Table 1202 shows the MAC Capability
Bitmap of table 1201 in nore detail, wherein b |l in Cctet 1 is used to

indicate the capability of the device to transmt in TFC offsets of the
channel 2[/088h1 Pty Capaiy | 54 esed £ LG Olor io:Lesghveduagteys are proposed
to be used for TFC O fset Control. In this TFC O f set ntrol field, one of

the bitsmingqysed1l,0akpgicate wfgﬁ?aqamﬁp tmaqflggeﬂ%g%ﬂ?st E%E@m in TFC

offsets of the channel as shown 1Tn FIG 13. Ta 1 sh](c)wsI f o
Capabi | Einda fse Le of table
1301 inh}&g?glhetgg b J1'T?)‘ngnﬁl}p\(ﬁfatslhlt;%s],oe gtgl %dkggoagv ét(l:% agh |ty of a

f . [O d DRP
i\?\ell: ng%?ﬁﬁigﬁzg &A%%WEF |£Espefés)ps)oogae(§dt hcgl b a@&a&an{? B ﬁép ?Bgsde\(/i ce's
I f. MAS th t rframe (caterin
Yotthe. utsggéf%#t@ Fea P AR it S5e 1ABR TASE: EOT1Rhe TRBE 1401

shows the newly proposed |IE Table 1402 shows the Interpretation field of
t abl e 1ﬂgstﬁsrmre detail. Table 1403 shows bl-b g of the

[0083] Dynamic Registers: Two of the reserved bits of PHY
Control register as in current ECMA specification are proposed
to be used for TFC Offset Control as shown in FIG. 15 to
indicate the numbef of TFC offset.

[0084] In order to facilitate transmission of OFDM symbols at
exactly each.OSTD, a synchronization method may be used using
virtual clock concept to achieve finer synchronization between
devices at clock period level, so that OSTDs of devices are
synchronized and do not overlap much to cause interference. The
synchronization method proposed in [6] with a few suggested
modifications will be described in more detail below.

[0085] Refer to FIG. 4. Assume devices A 411 and D 414 (slower
than A 411) have entered or joined a same beacon group. Let Pcix
be the hardware clock (current ECMA PHY clock is 528 MHz). As
shown in Fig. 16, let Ba 1601 be the BPST of device A 411, Bp
1602 be the BPST of device D 414 from A 411's perspective, Ca
1603 be the clock period of A 411 (Assume A 411's clock period

to be 1/Pcix; assume A 411's clock to be of 528 MHz), and Cp be
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Interpretation field of table 1402 in nore detail. [0082] It should be
noted that the proposed Enhanced DRP Availability IE 1401 may be used in
repl acenewo 2009/13hr24exi sting DRP Availability I'E (in curPemiSGE@IM0101
specification) catered for C-WPAN related specif ication (s) . W propose
t hat additi onal Enhanced DRP Availability IEs be sent if DRP availability
for additional offsets of a TFCis required. Alternatively, the proposed
Enhanced DRP Availability IE my be used as an add-on new |E in order to

keep thehbackvakdpeompatobibidys Widh auryants EGMA speciLi edodeyjces. In
such a case, the Enhanced DRPAvailability IE may ge sent thrice or nore

conti gueeskyni BBdi kehyspites dhe, o5y g nal; BRP Avallghbility, 1k i, sent
wherein the Sriginal DRP Ayailabilitf}IE may ad&ér?%se %%e‘%béﬁﬁa | 'e MASs

for off a the follow ng Enhanced DRP Availahility |IEs may_ advertise
t he ava? gb?%—zg‘g%fo?et?ﬁfcﬁ e%ﬁ$§é5§"ﬂ<fﬁ6§§F Rafi BSREGRsBEPS: Two of
the reserved bits of PHY Control register as in current ECMA specification

are progosedibo, behesedrf ot s ThHG: G iseta Gt s eshowbebbohl G105 tor
i ndi cate the nunber of TFC offset. [0084] In order to facilitate

oS SRAA AT AP e B S L TRw BlE LA St T
bet ween
m = 85 x 528. In every beacon slot as seen by a device, the same
device’s physical clock counts m cycles. Let Y 1610 be the
actual reception time of the beacon of D 414 at A 411
(discounting propagation time), Z 1611 be the estimated
reception time of D 414's beacon at A 411.
[0086] Assume that no device moves its BPST at the end of the
current (first) superframe (superframe N 1620). In the next
superframe (superframe N+1 1621), the devices A 411 and D 414 do
not move their BPST's. Let Y’ 1612 and 2’ 1613 be respectively

the actual and estimated reception times of D 414's beacon at A

411 in superframe N+1 1621. Let n; be the Beacon Slot Number of
beacon of D 414 in superframe N+1 1621. Let p=T,xP, be the
number of clock cycles for a superframe duration, where T; is
the time duration of one superframe. For current ECMA specified

devices, I, = 65536 us, hence p= 65536 x 528. In every superframe

the same device’s physical clock counts p cycles. Note that P,

can be selected differently depending on individual
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devices at clock period level, so that OSTDs of devices are synchronized
and do not overlap nmuch to cause interference. The synchroni zati on net hod
proposed wWo 2p@j13wi2th a few suggested nodifications w || Pog/sSdeswmropbed in
nore detail below [0085] Refer to FIG 4 . Assunme devices A 411 and D 414
(sl ower than A 411) have entered or joined a sane beacon group. Let Pcik be
the hardware cl ock (current ECVA PHY clock is 528 WHz) . As shown in Fig.
16, let BA 1601 be the BPST of device A 411, BD 1602 be the BPST of device
D 414 frigmiA ' rs ti 1603 he clqc ' f_A 411
(Assune %{Eﬂf@éﬁaﬁggg pgrgifo%ly%%p e 1 °lf>cfrlll%;€/ tgslgarr]ggA%%&%gc %%‘?(dt%n be of
528 MHz), and CD bethe clock period of D 414 from A 411' s perspective. Let
the beacd$f STottbottp giacks Eeepudly A Hse bantB5 xa AdédowndqpahbbBy. xLet m
Tbp Pcl k be the nunber of clock cycles for a beacon slot duration, where
Thp is fea trma=der at benand Laeds beacwr Aok ety AL tEOMArSpESid i ed
devices, Thp =@ ns and c/t =528 MHiz. Hence m= 85 x 528. In every beacon
sl ot as ; iC vl ce i.cal, cl ack n cycl es.
e v et e o L e et e o (e e, PELF R "k R

(di scountj ngpropagation tinme) , Z 1611 be the estimated reception tine of
D 414" s beacon at A 411. [0086] Assune that no device noves its BPST at

the end Qbe49®now, v 1610, z 1611, ¥’ 1612, and 2’ 1613 are known at
device A 411 with respect to a fixed reference time (could be

the BPST of A 411, Ba 1601). From the following four relations,

(00881 Z=B,+(n -1)C,m (1)
[0089] Y=BD+(n1—leDm ' (2)
[0090] Z'=B,+pC,+(n,-1)C,m (3)
[0091] Y'=B,+pC,+(n,-DC,m (4)
[0092] where m=1T,, xF, =85x528, p=T,xP,= 65536x528

[0093] the estimates of Bp 1602 and Cp can be obtained in two

superframes:
[0094] C,=I"-Y)/(p+m(n,—n,)) (5)
[0095] B, =Y-(n-DCym=Y—(n,-1)Y'-Y)m/(p+m(n, —n)) (6)

[0096] In the third superframe, the device A 411 may align its
BPST to device D 414’'s BPST (which it knows through the
knowledge of Bp + 2pCp and the fixed reference time) and reset
its virtual clock count to zero. Let P, be the number of physical

clock cycles of A 411 during the superframe duration of D 414
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current (first) superfranme (superfranme N 1620) . In the next superfrane
(superframe N+l 1621), the devices A 411 and D 414 do not nove their BPST
S . Let WO20®139mad Z ' 1613 be respectively the actualPCarsd2emtopomt ed
reception times of D 414" s beacon at A 411 in superframe N+l 1621. Let n2
be the Beacon Sl ot Nunber of beacon of D 414 in superframe N+l 1621. Let P
= Tsf Pdk be the nunber of clock cycles for a superframe duration, where
Tsf is the tinme duration of one superframe. For current ECMA specified

devi ces, (khown6%23@ @81, heBReppP B5IIQ hurdlr bR B}{%Xfﬁk'p@ié%gmg%%f@s same

devi ce's physical clock counts p cycles. Note that”Pc can ected
al S0 b Sl ected aged on 6s 6o o6 The L Ote A s ok 14 e at0cthebE x 204
Pt oposod SNt AL 6Te 8 HoriHm hor of n_can be extended ( such cases as
well. [0087] Now, Y 1610, Z 1611, Y ' 1612, and Z ' 1613 are known at
devi ce AORPTIWIfhthespertce od o 1 xwud ntafigrsepc eouinfreof cwktubé thecBPST of A
411, BA 1601) . Fromthe following four relations, [0088] Z B A+ (nx -\)C
Am (1) [0088F YremBtDe+third) Supemnixde [I00%QchZ'a=Bak tp&tAitbncdunt)E&FA m
(3) virtual clock cycles are obtained from the count of its physical

clock cycles by subtracting one clock cycle from the count of

its physical clock cycles every floor [Py /(Py - Pp)] or Round

[Pa /(Pa - Pp)] of its physical clock cycles, the virtual clock

of A 411 will be synchronized to the physical clock of D 414 to

one clock period level.

[0098] In the above, the function floor [x] denotes the largest

integer value not greater than the wvalue ‘x’, and Round [x]

denotes the nearest integer value to ‘x’.

[0099] If P, - Pp =0, then the virtual clock‘is set to be the

same as the physical clock. As seen above, only the first two

superframes are needed for estimating clock periods and

establishing the virtual clocks.

[00100] In one embodiment, device A 411 estimates the BPST and

clock period of device D 414 at least once every fixed number

of superframes which can be 16 or 32 superframes for example,

and resynchronizes with device D 414,

[00101] Two examples are given to illustrate the above

proposed schemes.
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[0091] T=B D +pC D +(n2 -1)CD m (4) [0092] where m= Thp x Pcl k =85x528, p
= Tsf x Pclk = 65536x528 [0093] the estinmates of BD 1602 and CD can be

obt ai ned wo 20a1332perf ranes : [0095] B D =Y-(n | -1)C PCRIS62009(0n0101
-D)Y(Y-YYmi(p + m(n 1 - nl)) (6) [0096] In the third superfranme, the device
A 411 may align its BPST to device D 414" s BPST (which it knows through
the know edge of BD + 2pC D and the fixed reference tine) and reset its
virtual clock count to zero. Let PA be the nunber of physical clock cycles
of A 41 hhg erframe duration of D 414(known to A 411) when PDis
t he nun%gﬁgg??phéggggﬁgcpock cycles of D 414 in that sanme superfrane
duratio ogf Q 414. 1t can be seen that PD= =65536 x528. [0097] If the
devi ce 193kai AiyeRs na~rouRe 6PV itk T2d 8 Mok Geyer 8481 Bem ¥hésSt hird
superfranme in such a way that its count of virtual clock cycles are

obt ai nethehsomethas codntS9F g aphyli dal nelacok edyekes5Bg2sabbrast i tigeone
clock cycle fromthe count of its physical clock cycles every floor [PA

I (PA - BBing] equaRbomd(§) A ¢ RaA bePBs}imetedit s physdoed ©d aold aylmes, the
virtual clock of A 411 will be synchronized to the physical clock of D 414

to one ekaekiperied, |Byelan HR098k ihAtbReaabpveyss hes functin floor [X]

denotes the |largest integer value not greater than the val ue x , and
Round [ %lperframe duration of D 414 (= pCp), A 411's clock counts,

pPCp/Ca~34605028 cycles. However, D 414’s clock still counts p =
65536x528 = 34603008 cycles. A 411's virtual clock is got from
subtracting 1 clock cycle from every 17131 (which is
=34605028/(34605028-34603008) ) physical clock cycles of A 411.
[00104] Example 2

[00105] Given nj;=n,=n=5 and P, =66 MHz, C;=1/66 ps, Y is
measured as 342.595 ps and Y’ is measured as 65882.595 us, then
using equation (5), Cp can be estimated as 15.152 ns and using
equation (6), Bp can be estimated as 2.584 us. In the superframe
duration of D 414(=pCp), A 411's clock counts, pCp/Ca~ 4325514
cycles. However, D 414’'s clock still counts p = 65536 x 66 =
4325376 cycles. A 411's virtual clock is got from subtracting 1
clock cycle from every 31344 (which is ~ 4325514/ (4325514~
4325376)) physical clock cycles of A 411.

[00106] The flow diagram of the synchronization scheme is

.given in FIG. 17.

52



denotes the nearest integer value to x ' . [0099] If PA - PD =0, then the
virtual clock is set to be the sane as the physical clock. As seen above,
only the wonsw/Be4superfranes are needed for estimati ngCtiscedopesivods and
establishing the virtual clocks. [00100] In one enbodi nent, device A 411
estimates the BPST and cl ock period of device D 414 at |east once every

fi xed nunber of superfranmes which can be 16 or 32 superfranmes for exanple,
and resynchroni zes with device D 414. [00101] Two exanples are given to

i |1 ustrg0e10hg aboye ey, omse@ §§h€H§ser¥&9elp2<1f%§m 11 J@%@&S%C@e%en mEn

2=n=5 and Pcl k =528 MHz, CA=1/528 ns , Y is neasure ns and Y '
s measured 85,§5883, 505, e mmé)%% %% %qg@sge% L PD:§805 g _esti mat ed

as 1.89405 ns and using quatlon I'mated™as I n
t he sup;rfrane duration A 411' s clock counts, p COC

414
~34605098VEEr . ﬂom@%%fiﬁ%m-lss té‘leo@km‘?ﬁrl Pf.BhHFChl —cbaGREXERES

34603008 -cycles. A 411" s virtual clock is got fromsubtracting 1 clock
cycle f PémtgﬁeNOWiBld?W%mﬂ $he3 46060 28/r@34605028£B466B068F yaphyst cal
clock cycles of A 411. [00104] Exanple 2 [00105] Gven n n =n=5 and Pdk 6
MHz, CAsllpgéstisdev¥ces Firstly in process 1701, a device joins a beacon

group or the device’s neighbor joins a beacon group. Then in
process 1702, the device determines the start times of all
neighbor devices’ beacons for two consecutive superframes. The
device would be faster than a neighbor if its physical clock
counts more than Q (=65536 x 528) cycles in the superframe of
its neighbor. If the device determines that it is the slowest
device in the beacon group, in process 1704, the device sets the
virtual clock to be same as the device’s physical clock. If the
device deterﬁines that . it is not the slowest device in the
beacon group, in process 1705, the device determines the
variables P, Q, and floor [P/(P-Q)] or round [P/(P-Q0)] with
reference to the slowest device. Following process 1705, in
process 1706, the device sets up a virtual clock from the third
superframe and starts synchronizing to the slowest device at
clock period level by updating the virtual clock.

[00108] As mentidned above, the introduced synchronization
method may achieve finer synchronization between devices at
clock period level, so that OSTDs of devices are synchronized

and do not overlap much to cause interference.
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measured as 342.595 ns and Y ' is neasured as 65882.595 nms , then using
equation (5), CD can be estimated as 15. 152 ns and using equation (6), BD
can be eswDreateid9mRs 2.584 nms . I n the superfranme durati @T6G20940610( =pCD) ,
A 411' s clock counts, p CD/ CA~ 4325514 cycles. However, D 414' s clock
still counts p = 65536 x 66 = 4325376 cycles. A 411' s virtual clock is got
fromsubtracting 1 clock cycle fromevery 31344 (which is ~

4325514/ (4325514- 4325376)) physical clock cycles of A 411. [00106] The

flow di qeioamoel Uhe SHNChLRMiARLEONSSGOPHE 1840 ¥ath] thdy Goghl 1001071 I
FIG 17, P is the nunber o f physical clock cycles o f a device during the

: ice, = /5536x528) is th
uner oF Ry e oal o baRo eyt £ B I Kead o B 2%y e eame du

nunber of physica e sl owest devi anme duration

of the [ f slo t,device.. Firstly in process 1701, a_device

j oi ns a%§g§%g383§838n8#srﬁgaﬁev?% A RAGhESED 5?8 °3°Be&Col YFBlp. Then in
process 17%2 t he device dgternines the start times o f all neighbor

devi ces"O5EARINITPEP {RoCEIRE el Rtd VP 58t foZe ST ThRgonaYi £B2RBALE- be
faster tgan a nei ghbor if its physical clock counts nmore than Q (=65536 x
528,) cy@PeL0ln FHE -sdfestrafeactabie hblyHbAting ORPSFCe loaticrdi nes
that it is the slowest device in the beacon group, in process 1704, the
devi ce §B@8neh&-virtual clock to be same as the device's physical clock. If

t he
[00111] FIG. 19 shows a table illustrating proposed logical

channels pertaining to backward compatibility with ECMA devices.
[00112] In one embodiment, all 2-combinations of bands in the
available 8 higher bands (bands 3-10 (103-110) showﬁ in FIG. 1)
may be used without any hopping. An example of one 2-combination
is the use of bands 3 (103) and 4 (104) coﬁsistently all the
time without hopping as illustrated in channel 1 of FIG. 19
(equivalent to Fixed Frequency Interleaving in ECMA
specification). An example of another 2-combination is the use
of bands 3 (103) and 5 (105) consistently all the time without
hopping (channel 1 of FIG. 18). Note that there can be %C, (=28)
channels possible that use just two bands. Out of the above 28
channels alluded to above, channels that use two bands with one
and only one vacant band between them may be given priority,
such as channels 1-4 in FIG. 18. A few of the channels that use
just two bands are given in FIG. 18 (channels 1-9). A few of the
remaining channels that we ﬁropose are also given in FIG. 19

(channels 12-23), which are of different kinds of frequency
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device determnes that it is not the slowest device in the beacon group, in
process 1705, the device determnes the variables P1 Q, and floor

[ PZ(P- Q Jwonoessot4[ PZ(P- Q] with reference to the sl owesT/SGewione101
Fol | owi ng process 1705, in process 1706, the device sets up a virtual clock
fromthe third superframe and starts synchronizing to the slowest device at
clock period level b y updating the virtual clock. [00108] A s nentioned
above, the introduced synchroni zati on nethod nay achi eve finer

SynChromc?pﬁﬂn%npg%tt%%@dd@gg E8afib1 6] OCks R 'oteacf)%'ge S9gt gty RIDs o f

devices are synchronlze o not_over] ap nuc

channel & arErdposeq s BE-EHa3 5%2@%%“ B 5 ﬁ&? st PRGIENANnel s
for n?,?éeoorlarﬁle Oal T BhaRRer82R a0l 1697 “ﬁalkoaﬁgwi"i“i)ah?e"ff’?fjsi?a?! g
] S e LRSS (T

devices. [00112] In one enbodi nent, all 2-conbinations of bands in the
avai | ablP NI ghorSEENAE PHaRBSs 3ay pe omed g sidslirtion EOGEhe ) may be
used wi t hout any hoppi ng. An exanple of one 2-conbination is the use of
bands 3 §XEG3)}ngng¢hanpeds) thehshavemlseady hedwm proposed to C-WPAN

working group in order to allow for compatibility between DC-
TFCs based devices (that may be specified by C-WPAN) and ECMA
specified devices. These hopping battern are listed in FIG. 19
(assuming that in actual implementations the carrier frequencies
may be offset by a'particular value to move the center
frequencies of the OFDM transmissions to align with the bands as
specified in ECMA standard whenever a device that uses DC-TFCs
needs to communicate with a ECMA specified device). Pertaining
to FIG. 19, in view of the above, the carrier frequency of each
band will need to 5e changed accordingly in line with the
corresponding carrier frequency specified in the ECMA
specification. For example, when two DC-TFCs based devices
communicate with each other using the proposed channel 1 in FIG.
19, there is no need to align the bands 3 and 4 in alignment
with-any band as specified by ECMA specified devices. However,
if a DC-TFCs based device needs to communicate with a ECMA
specified device, then it may use bands 3 and 4 (as given in

FIG. 1) offset by a factor of say 264 MHz (i.e., both bands
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time without hopping as illustrated in channel 1 of FIG 19 (equivalent to
Fi xed Frequency Interleaving in ECVA specification) . An exanple of another
2- conmbi nawoanows9t2he use of bands 3 (103) and 5 (105) cengisskentobgioal | the
time without hopping (channel 1 of FIG 18) . Note that there can be 8C2
(=28) channel s possible that use just two bands. Qut of the above 28
channel s alluded to above, channels that use two bands with one and only
one vacant band between them may be given priority, such as channels 1-4 in

|G 18
FI G 18md%efdewyof tf@%eﬁhag?ﬁés?%hn%?%ﬁ% | e L Sl{iﬁequfr%r%eg' \g%eh@ef

(channels 1- . A ftew of at we Se aré al so

given in ( a ), mhich are of different kinds of
frequencyh 3 g?tggghﬁn%%rg%xanple channel 23 of FIG 18 has the

f tt f..(band 106) t bands 8 108 and 10
128?“52%%35' P 3Rt oty 198w TS S s Sttt St - an

additional 11 .l ogical channels based on DC-TFCs may be used in addition to
the exi StiPRGTERANAE SYFRER Rase 9% dody! Hiee Mot (Pﬁsl&ﬂiltcé‘ldi:yV\PARPV\Biki ng
group in order to allow for conpatibility between DCTFCs based devices
(that méyebéd lspBerpréa By ver WANIGand EQw tperivriosd igégi casriFhesrd hoppi ng
pattern are listed in FIG 19 (assum ng that in actual inplenentations the
carri er cenégedcrasenayepetodt setldywy al jmmeanduladr baaldse wishnbwedshe center

specified in ECMA specification) to discover ECMA specified
devices or beacons from ECMA specified devices. When a beacon
from an ECMA specified device is discovered, a DC-TFCs based
device may then join the beacon group of the discovered ECMA
specified device.

[00115] In the various embodiments, a modification of a
scheme proposed in [4] is proposed to cater to its use with DC-
TFC based transmission. A new information element pertaining to
the use of DRP with slotted offset TFCs is also proposed. In
addition, an algorithm proposed in [6] with a modification to
allow for any clock frequency at the physical layer pertaining
to synchronization is summarized. Finally, few logical channels
are proposed catering to DC—Tsz.

[00116] In one embodiment, a slotted offset DC-TFCs based
scheme is provided, wherein the scheme uses offsets of DC-TFCs
hopping pattern for any two devices in the same beacon group to
communicate signals during a MAS slot, the method comprising:

two devices in a beacon group communicate signals using one of
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frequencies of the OFDM transm ssions to align with the bands as specified
in ECVMA standard whenever a device that uses DC- TFCs needs to conmuni cate
with a ECGNB2spechfited device) . Pertaining to FIG 19, iPATIGRMIGHOhe
above, the carrier frequency of each band will need to be changed
accordingly in line with the corresponding carrier frequency specified in
the ECVA specification. For exanple, when two DC- TFCs based devices
comuni cate with each other using the proposed channel 1 in FIG 19, there

i's no need t@.akirgast BE—?ﬁggsdérf‘r‘i‘ £ vdl aéf&”@@%i&%?ﬁ@%g??@ @S

speci fied by ECVA specified devices. However, i ased devie
needs tq %%qngaic W.th.a ggww specified device, then.it nmay.use. bands 3

the )
and 4 (as glvenolﬁggﬁ&fsll? 0 ?s%?a%ﬁb%f?QQXQﬁOW% Q?QQUEé&aﬁﬁtgﬁppé}? bot h
bandsnoved by a fixed value_ by cﬂan i the carrier frequency/center
f r equen®y) "o 3RoftifFEaPE. 101 ?CgﬁygﬁﬁqgﬁﬁbﬁVﬁﬁﬁﬁ,tggysaﬁﬁigéstﬁé?t
i ncorporates a transm ssion system based on DC-TFCs nmay periodically scan
al | the "t dRafREl SagrvERPRRIFITS SPYIA theappiishr itat €ocaPri aroRhET cent er
frequencies that allow alignment of bands with bands specified in ECVA
speci f i ¢4 B8RV 1F65ditBchbher SERIP IR 4] ©PNews ign tse 8 6n8 L 51 B AL ETVA
speci fi ed devices. Wien a beacon from an ECVA specified device is
di scovepagthgrDEfTEES bastle devleeterh\DGHTEICS oiurinlye theasemegMdBpsbétt he
di scovered ECVA

within the same superframe should they wish to do so and any

remaining offsets may as well also be used by other pair or

pairs of devices to communicate.

[00117] In one embodiment, possible changes to number of

offsets can be incorporated to cater to any number of bands and

any hopping pattern. In other words, given a hopping pattern

over a number of bands, offsets can be derived pertaining to

that hopping pattern.

[00118] In one embodiment, a synchronization scheme is

provided, the scheme providing clock period level

synchronization between devices, by use of a virtual clock

(typically a register) in each device to maintain

synchronization between devices. The virtual clock of every

device is synchronized to the physical clock (crystal) of the

slowest device. The beacon and data transmission by any device

is based on its virtual clock and every device sends a beacon at

the start of a beacon slot.
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specified device. [00115] In the various enbodi nents, a nodification of a
schene proposed in [4] is proposed to cater to its use with DCTFC based

t ransm ssworo0A3gew i nf ormati on el enent pertaining to tRETES20f00DRP Wit h
slotted offset TFCs is al so proposed. .-In addition, an algorithm proposed in
[6] with a nodification to allow for any clock frequency at the physical

| ayer pertaining to synchronization is sumari zed. Finally, few |ogical
channel s are proposed catering to DC-TFCs. [00116] In one enbodi nent, a

sl ot ted ﬁ%&g@ﬁ@@gﬁﬁ@ s adaghem hgsprgg}t,gggmw@ erif, the, sehene uses

of fsets ern for an devi beacon
group t ni cat aI s durjing a met hod conpri sing: two
devi ces%l A ggcgﬁ g %geﬁﬁmn‘f%aﬁ%e%%ﬁa eénso lﬂ‘&“&ﬁe oft RBORHECPEI ed
DC- TFCs dur i ng I\/g wWithin a superf ranme; any other two devices in
the sameGE3E5R°G MptEBﬁﬁuﬁ]Fb]alt%d sty ardi r?@aé'mvéffﬂ@éts ghappesséhect ed

DC- TFCs dur| ng the sane MAS slot within the sanme superfrane should they
wi sh to f@sTsgndadetRét PaB PRvids therdia sdidovsacsnagtong Eoamubheat e
signal s using another offset of the selected DC-TFCs during the sane MAS

sl ot wi tSRilgithendafecBapef f kaerel Bt idbnt ey dsifshetobgotbe apdeadgdenai ni ng

offsets may as well also be used b y other pair or pairs of devices to

comuni ¢deéms. The scope of the invention is thus indicated by the -
appended claims and all changes which come within the meaning

and range of equivalency of the claims are therefore intended to

be embraced.
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[00117] In one enbodi nent, possible changes to nunber of offsets can b e

i ncorporated to cater to any nunber of bands and any hopping pattern. In

ot her worwe,20@p/Me124a hoppi ng pattern over a nunber of baousG2abfisews can be
derived pertaining to that hopping pattern. [00118] In one enbodinent, a
synchroni zati on schene is provided, the scheme providing clock period |evel
synchroni zati on between devices, by use of a virtual clock (typically a
register) in each device to nmaintain synchroni zati on between devices. The

virtual o agk sofdcrv@intdevheerbs1 SYIEH @ dRchio dhe physi.cal cl ock
(crystal) of the slowest device. The beacon and data transm ssion by any

device is based o irtual., clock a ever evi ce_sends a beacon at the
start o} 3 %%d%ﬁys &$A%%ﬁ§11§fg§hgﬁéetﬂgtfﬁvﬂx?ggﬁn%agn%éﬂﬁj6g¥%|cuIarIy
shown and simmamd 2R tid T ef T enar dembeReiobi7c enbodi nents, it shoul d be

understood by those skilled in the art that various changes in formand
det ai | %ayAbé%ﬁﬁﬁb th@ﬂéﬂnbwmdh@EDMdépasicag faper t heospial t” akdr.scope of

the invent) q%) t he ap pendzgrclaéy§ 2]£§ ope of the invention
is thus in |ca %penéea cPAP AET QRS AF ¥ Hﬂg% whi ch cone within
t he neamlngqggq”ﬁ@ngeugkdggubyayency of the clains are therefore intended
to be enbrace he foll ow ng docunents are cited:
4. Ananth Subramanian, Xiaoming Peng and Francois Chin, “Schemes
for Achieving Higher Throughput in Network of ECMA Specified
Devices, submitted for US provisional patent.
5. Bi Guo Guang et al, “Dual Carrier Orthogonal Frequency
Division Multiplexing (DC-OFDM) for UWB Communication
Systems,”, Chinese patent (patent no. 200510094890).
6. Ananth Subramanian, Xiaoming Peng and Francois Chin, “Methods
of Synchronization for Improving WiMedia Ultra-wideband

Connectivity” submitted for US provisional patent.
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1 . Standard ECMVA- 368, High Rate Utra Wdeband PHY and MAC St andard, 2nd
Edition / Decenber 2007. 2 . A . Batra, "Milti-band OFDM Physi cal Layer
Proposal ,WOlNow/132083, http: //grouper. ieee.org/groups/ 802/sG3hqwno108 . http
t//ww. winmedia .org/ . 4 . Ananth Subramani an, Xi aomi ng Peng and Francois
Chin, "Schemes for Achieving H gher Throughput in Network of ECVMA Specified
Devi ces, submtted for US provisional patent. 5 . Bi Guo GQuang et al, "Dual
Carrier Othogonal Frequency Division Multiplexing (DC-OFDM for UWB
Communi gplipd Systens, ", Chinese patent (patent no. 200510094890). 6 .
Anant h Sobramani an, Xi aom ng Peng and Francois Chin, "Methods of
Synchroni zation for Inproving WMedia Utra-w deband Connectivity"
submi t t@¥ekf o¥s US imerd sisonal patent. dains Wat is claimed is: 1 . A nethod
for transmtting OFDM synbols by a plurality of ad-hoc radi o conmunication
devices in an ad-hoc radi o conmuni cati on devi ces' group, the nethod _
conpri sl ng: & rietgtsid atbrhaoanatiio téagmOADEas yaino e gea of 1 uhea iadhaer radi o
comuni cation devices' group transmtting a first plurality of two OFDM
synbol s i n aatiFhec phdial cbymafiita®i i ethientes sw-mangesoef radfipequency
range sel ected for

communication devices’ group, the method comprising:

a first ad-hoc radio communication device of the ad-

hoc radio communication devices’ group transmitting a first

plurality of two OFDM symbols in a first plurality of two

frequency sub-ranges of a frequency range selected for

transmission in accordance with a frequency hopping

pattern, the.frequency range comprising a plurality of

frequency sub-ranges;

in the same transmission time period, a second ad-hoc

radio communication device of the ad-hoc radio

communication devices’ group transmitting a second

plurality of two OFDM symbols in a second plurality of two

frequency sub-ranges of the frequency range, wherein the

second plurality of frequency sub-ranges has no overlap

with the first plurality of frequency sub-ranges.
2. The method of claim 1,

wherein the frequency hopping pattern is with

reference to a fixed point in time.
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transm ssion in accordance with a frequency hopping pattern, the frequency
range conprising a plurality of frequency sub-ranges; in the sane

t ransm sswonrroedmse72peri od, a second ad- hoc radi o conmuni eatrisSeaod@oiioe of the
ad- hoc radi o comruni cati on devices' group transmtting a second plurality
of two OFDM synbols in a second plurality of two frequency sub-ranges of
the frequency range, wherein the second plurality of frequency sub-ranges
has no overlap with the first plurality of frequency sub-ranges. 2 . The
method of claiml , wherein the frequency hopping pattern is with reference
to a fixed point intime.3 . The method of claim2 , wherein the fixed

point i tingd SidhesShar Eé%?azbe%gﬁe% %h@rfl%%n?‘ﬁr t{f %&h{%dl ym Access

Slot (MAS) . 4 . The neth cla erein secon oC radio

d nbol s i
coor dance wEh BCT Fiet BN (TErVor s an S Tfe LPELERCY HEPHIRG peRtern. 5

. The nethodSQ c cl ng , further conprising: in the same transmssion tine
period, a third aéﬁ% radi o comuni cation device of the ad-hoc radio
conmuni cati on

4. The method of claim 1, wherein the second ad-~hoc radio
communication device transmits the second plurality of two
OFDM symbols in accordance with a time shifted version of

the frequency hopping pattern.

5. The method of claim 1, further comprising:
in the same transmission time period, a third ad-hoc radio
. communication device of the ad-hoc radio communication
devices’ group transmitting a third plurality of two OFDM
symbols in a third plurality of two frequency sub-ranges,
wherein the third plurality of frequency sub-ranges has no
overlap with the first and the second pluralities of

frequency sub-ranges.

6. The method of claim 1, wherein the second ad-hoc radio
communication device transmits the second plurality of two
OFDM symbols in accordance with a time shifted version of
the frequency hopping pattern, and in the same transmission

time period, a third ad-hoc radio communication device of
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devices' group transmtting a third plurality of two OFDM synbols in a
third plurality of two frequency sub-ranges, wherein the third plurality of
frequencyweubewidges has no overlap with the first and Phe/Sseeondo101
pluralities of frequency sub-ranges. 6 . The nethod of claim1 , wherein

t he second ad-hoc radi o comruni cation device transmts the second plurality
of two OFDM synbols in accordance with a tine shifted version of the
frequency hopping pattern, and in the sane transm ssion tinme period, a

third ad- hOCtH@oHdlmm%abb%u%&gE?oﬁf&Qgiaggho QG cat i on

devices' group transmts a third plurality of two DM'synbols in a third

plurality ofifs i -ran h ency_r e erei.n the third
plurality oftﬁlrrgg@%flgﬁ -rognggg g?g&d?ﬁ‘%?g%tﬂgr%nﬁqhed ngta%alﬁg §)§cond
pluralities equency sub-ranges,, and wherein the third ad-hoc radio
communi cat i o%e L{/einc«gl tsr%néc%n?gst %g Fﬁ?rgrﬁﬂﬁ?%ﬂtﬁﬁ%e’t &S "OFBf synbol s
in accordanctg}.vm'&hla sti.l | I%rger tinme shifted version of the frequency
hoppi ng pat t8FF.S PLUPHE tHePhof T BAURTGY n? 4P ToREs i A & 118 fEeggidndy Pange i s

a frequency band group, and the frequency sub-range is a frequency band
within the ﬂ?ﬁhd@ﬁﬁ%’@&ﬁdsﬁFBHﬁ.pluralltles of frequency sub-ranges,

and wherein the third ad-hoc radio communication device
transmits the third plurality of the two OFDM symbols in
accordance with a still larger time shifted version of the

frequency hopping pattern.

7. The method of claim 1,
wherein the frequency range is a frequency band group, and
the frequency sub-range is a frequency band within the

frequency band group.

8. The method according to claim 7,
wherein the frequency band group comprises at least eight

frequency bands.

9. The method according to claim 1,
wherein the frequency hopping pattern is a Time-Frequency

Code (TFC).

10. The method according to claim 1,
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8 . The nethod according to claim7 , wherein the frequency band group
conprises at |east eight frequency bands . 9 . The nethod according to
claim1l ,wothwerizn2the frequency hopping pattern is a Ti reTRGeepe®ney1 Code
(TFGQ . 10. The nethod according to claim1 ,wherein the nunber of OFDM
synbol s that can be transmtted by the plurality of ad-hoc radio _
communi cation devices in the ad-hoc radi o communi cati on devices' group is
limted to the nunber of frequency sub-ranges of the frequency range. 11.

The method ageafedimg HeO rumdie® bf, OWbEr 8iMbbhe Phal addd Ybooft BGrdha¢ theadi o
comuni cation devices in the ad-hoc radi o communi cation devices' group are

synchroni zedy ke The mtiked c2ceardibR0,59; &/ %m&hcmeaé%ﬁgfetsgﬁﬁ ot

frequency range, an OFDM Synbol Transm ssion Duration (

OFDM synbol dfansiirssd 9 di% fc%ln}ng}wgapyoﬁnd@é%s@f g CO%%@@!‘@V%%O'

transm ssion wth no tine interv etween them a _ wthin a
por nt i n Che T SSET e it e oY, SthERET RO et AR LS Y arRete,
wherein the fixed tine
11. The method according to claim 1,
wherein the plurality'of ad-hoc radio communication devices
‘in the ad-hoc radio communication devices’ group are

synchronized.

12. The method according to claim 11, wherein in the frequency
range, an OFDM Symbol Transmission Duration (OSTD) of a
first OFDM symbol transmission is followed by an OSTD of a
second OFDM symbol transmission with no time interval
between them, and all the OSTDs within a fixed time period
are contiguously aligned starting from a fixed reference

point in the fixed time period.

13. The method according to claim 12, wherein the fixed time
period is a beacon slot or a Medium Access Slot (MAS), and
the fixed reference point is the start of the beacon slot or

the start of the MAS.

14. The method according to claim 12,
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period is a beacon slot or a Medium Access Slot (MAS), and the fixed
reference point is the start of the beacon slot or the start of the MAS

14. The mwohoe/dererdi ng to claim 12, wherein an OSTD i n@CI$6200@BDMOs Yy mbol
transm ssion tine and OFDM frequency sub-range switching tine. 15. The

met hod according to claim1l, wherein in the frequency range, an OFDM
Symbol Transm ssion Duration (OSTD) of a first OFDM symbol transmssion is
foll owed by an OSTD of a second OFDM synbol transm ssion with a fixed guard

time intervathdetiveem tdEm iand ualels LFEMOSTRREOW £ Fimsmi § 4 X0 e gy i od
are consecutively aligned with guard tinmes enbedded between every two OSTDs

starting froorpu fixethdrferRnece apQieNtwi Rchiggf{ x4, tinme period. 16. The
met hod according to claim1l , wherein any deV|ce in the ad-hoc radio

comuni cation devices' group reserves or uses a default plurality of two
frequency sub-ranges of the frequency range for transn155|on according to

the frep@en%{cmmi Rl t £o ThEsPE DOd, Bceonding Lo Glalm il

wherein when the tines are reserved or seletted

P ana sl orpdte [ ROUAREY SHBCH2RAER 00 SL08 TEEAENGY (VI 'Y .
first OFDM symbol transmission is followed by an OSTD of a
second OFDM symbol transmission with a fixed guard time
interval between them, and all the OSTDs within a fixed
time peridd are consecutively aligned with guard times

embedded between every two OSTDs starting from a fixed

reference point in the fixed time period.

16. The method according to claim 1,
wherein any device in the ad-hoc radio communication
devices’ group reserves or uses a default plurality of two
frequency sub-ranges of the frequency range for

transmission according to the frequency hopping pattern.

17. The method according to claim 16,
wherein when the times are reserved or selected within the
default plurality of two frequency sub-ranges of the
frequency range for transmission according to the frequency
hopping pattern, the device selects another plurality of

two frequency sub-ranges for transmission.

64



hoppi ng pattern, the device selects another plurality of two frequency
sub-ranges for transm ssion. 18. The nethod of claim 17, wherein the device
sel ect s twe 20u3p72pl urality of the two frequency sub-ramrg&scRan/000101

transm ssion in accordance with a tine shifted version of the frequency
hoppi ng pattern. 19. The nethod of claim 17, wherein, if times are reserved
for the other plurality of the two frequency sub-ranges of the frequency
range in accordance with the tine shifted version of the frequency hopping
pattern, then the device reserves a different plurality of two frequency
sub-ranges of the frequency range in accordance with a still larger tine

shi f t ed 1¢er shenmeknbheokr egyencys hoppi NG PatLdy 120 sIheciet ppd gfnglaim 1
, wherein a device in the ad-hoc radi o conmunication éeV|ces group sel ects

t f
For | transm 1150 & Bl Oy o “f‘fg*f%%%%éxs%%o?%%ﬂ% SHOT 0 el ai m
20, wherein the device selgcts OElreS§%¥§§eéh§ SLgéﬂé é%eﬁgFgan y

frequency sub- ranges in accor dance i Fan 19 e s
t hef requency _ho p|n ttern, or a prior fixed tine shlft of the frequency
hoppi ng pat%l rﬁPaﬂg vae% ra:DI\/I synbol

19. The method of claim 17,
wherein, if times are reserved for the other plurality of
the two frequency sub-ranges of the frequency range in
accordance with the time shifted version of the frequency
hopping pattern, then the device reserves a different
plufality of two frequency sub-ranges of the frequency
range in accordance with a still larger time shifted

version of the frequency hopping pattern.

20. The method of claim 1,
wherein a device in the ad-hoc radio communication devices’
group. selects or reserves a plurality of two freguency sub-
ranges of the frequency range for transmitting a plurality

of two OFDM symbols.

21. The method of claim 20, wherein the device selects or
reserves the plurality of the two frequency sub-ranges in

accordance with a random time shifted version of the
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transm ssion duration during a fixed tinme slot.

wherein the fixed tinme slot is a beacon slot or a Medium Access Sl ot.
The net howloahosisaizn 1 , wherein a device in the ad-hoc radiSG2eomwnuei cati on
devices' group selects or reserves a plurality of two frequency sub ranges
in accordance with a tinme shifted version of the frequency hopping pattern,
the plurality of two frequency sub-ranges being different froma plurality

of two frequency sub-ranges that has been sel ected or

22. The nethod of claim 21,

23.

reserved by anot her

device in agaq Wdph 1hie phteaurnNCy: NORRE NG PALIET 1o &rliieYe oghi fted

version of the Trequency hoppi ng patfern in the ad-hoc radi o communi cation

devi ' . f Lm 1 i [ t hat t
Lot ransmt Ao ar Ty Yor CCEORPShRbar Bt 12t (Hes h ot AP communi catt on

devi ces’ grqyp ;

reserved or

USE% I N accordance w

G388 N3 r%kho%hgﬁgiﬁ%u$P %ﬁ% C=g%g% %00 e al r eady

hoppinqngat%%rn or a tinme shifted version of the frequency

23.

24.

e method of claim 21,
wherein the fixed time slot is a beacon slot or a Medium

Access Slot.

The method of claim 1,

wherein a device in the ad-hoc radio communication devices’
group selects or reserves a plurality of two frequency sub-
ranges in accordance with a time shifted version of the
frequency hopﬁing pattern, the plurality of two frequency
sub-ranges being different from a plurality of two
frequency sub-ranges that has been selected or reserved by
another device in accordance with the frequency hopping
pattern or a time shifted version of the frequency hopping

pattern in the ad-hoc radio communication devices’ group.

The method of claim 1,

wherein if a device that wants to transmit a plurality of
OFDM symbols in the ad-hoc radio communication devices’
group senses that all the fréquency sub-ranges are already

reserved or used in accordance with the frequency hopping
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gpattern or all the
time shifts of the frequency hopping pattern, the device will select a
plurality of two frequency sub-ranges in accordance with the frequency



hoppi ng pattern that will be first released frombeing used to transmt the
plurality of OFDM synbols in accordance with the frequency hopping pattern
or the tiwe200Wf3dp2d version of the frequency hoppi ng paPCeEsSe20@H0010he

met hod of claim 24, wherein a counter clock is applied to the frequency
hoppi ng pattern and to each tine shifted version of the frequency hopping
pattern, and wherein upon the release of a plurality of two frequency
sub-ranges from being used in accordance with the frequency hoppi ng pattern

or a tine shiftitednversiaan @het hembr HUENS Yo NOPR NG RATRI h P& ngount er
cl ock corresponding to the frequency hopping pattern or that tinme shifted

version of taaectferr%quecm@yd@%eiengi@@tsswcétérg.ﬁ;mi dgcreented from a
predet ermi ned val ue, and when the counter clock reaches zero, the device

starts to t&ﬁ%%ﬁ%%c%h%ugE?HkﬁggbghSa@&oiggn@ LWf%ﬂt@Eéﬁfgé %e%%g frequency

sub-ranges in accordance wth the frequency hopping pattern or “the tine

shifted versj .Of frequency, hoppin attern.26. T net.hod of any of
%o %H& e%%%t OIS Ve$%¥%bf§h2PF05§F38ﬁn9¥ctor

cl ai nB 24- 25, the 'devi e “Tar nt af hscona

NAV) f A hi ft I f the f h i ng . pattern and
1 the devi CORBIOE @oLaRana PRENEL Ph e ¢} e S St S el be:h3 b8

to transmit the plurality of OFDM symbols in accordance
with the frequency hopping pattern or the time shifted

version of the frequency hopping pattern.

25. The method of claim 24,
wherein a counter clock is applied to the frequency hopping
pattern and to each time shifted version of the frequency
hopping pattefn, and wherein upon the release of a
plurality of two frequency sub-ranges from being used in
accordance with the frequency hopping pattern or a time
shifted version of the frequency hopping pattern, the
counter clock corresponding to the frequency hopping
pattern or that time shifted version of the frequency
hopping pattern starts being decremented from a
predetermined value, and when the counter clock reaches
zero, the device starts to transmit the OFDM symbols at the
plurality of the two frequency sub-ranges in accordance
with the frequency hopping pattern or the time shifted

version of the frequency hopping pattern.
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of the frequency hopping pattern, the duration field in that frane is |ess
than the least of its non zero NAVs or |east of its non zero NAVs m nus RTS
frame trawennesgisenz4tine . 27. A nethod for transm tti ngPOEDGRewwbabs by a
plurality of ad-hoc radio conmmunication devices in an ad-hoc radio _
communi cati on devices' group, the nethod conprising: a first ad-hoc radio
comuni cati on device of the ad-hoc radi o conmuni cati on devi ces' group
reserving a transmi ssion time period for the transm ssion of a first
plurality of two OFDM synbols in a first plurality of two frequency sub
ranges of a frequency range selected for transm ssion in accordance with a

frequensy. hopqi nge f8d &N.ank® rf LEAYRBCY 4L 3BIE, COPPI S&}{lgé?ev@dér ality of

frequency sub-ranges; in thé same transm ssion tinme perio a second ad- hoc

di o communj£atd iC e a6- : ' watd an _devi ces' group
gsl&?vi ng th%eé:ﬁﬂaﬁgjrrs??\geoﬁleggmglﬂsé%gﬁgggfBgdi]g%gclgww (J;P(I?ﬁ\/leq'eﬁﬁlol sin a

plurali Sy

second plurali . fr y subzranges of the frequen range, wherein
the second p lunﬁée/llslq{lyftto tv%ggﬁrggqﬁzngg}esg k) %%%Hh%tosp (W‘g%le&ﬁl %l“fjh t he
first pluralj -ranges. 28, The nmethod of claim

y..of the two, frequenc su? _
27, wherein ]t%et}}eré}t]’elﬁcey She8 gnaeﬁét?e TS W th Tet%r &% V& IFitREd
tine. of the frequency hopping pattern, the duration field in
that frame is less than the least of its non zero NAVs or

least of its non zero NAVs minus RTS frame transmission

time.

27. A method for transmitting OFDM symbols by a plurality of
ad-hoc radio communication devices in an ad-hoc radio
communication devices’ group, the method comprising:

a first ad-hoc radio communication device of the ad-hoc
radio communicatién devices’ group reserving a transmission
time period for the transmission of a first plurality of
two OFDM symbols in a first plurality of two frequency sub-
"ranges of a frequency range selected for transmission in
accordance with a frequency hopping pattern, the frequency
range comprising a plurality of frequency sub-ranges;

in the same transmission time period, a second ad-hoc radio
communication-device of the ad-hoc radio communication
devices’ group reserving the transmission of a second

plurality of two OFDM symbols in a second plurality of two
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29. The nethod of claim 28, wherein the fixed tinme is the start of a beacon
slot or the start of a Medium Access Slot. 30. The nethod of claim 27,
wher ei n twWe 28@ciBa4ad- hoc radi o communi cati on devi ce re®EMBE0Mmheo19aNE
transm ssion tine period for the transm ssion of the second plurality of
the two OFDM synbols in accordance with a tinme shifted version of the
frequency hopping pattern. 31. The nethod of claim 27, wherein the
frequency range is a frequency band group and the frequency sub-range is a

frequency bafukqididyn dlte-faremsenrey thandrggoepcy 32anddie Wik hoth agrording to
claim 31, wherein the frequency band group conprises at | east eight

frequency bag@isondB3p1del 18l had taeCe-dyianty Shigl faddes WL &l 8140
frequency hopping pattern is a Tinme-Frequency Code (TFC) . 34. An adThoc

radi o conmunygat i QM demi G i £§noadihac, | ad] ggwi d roup for
transmtting OFDM synbols,F%%npris?nS: a sefe@t%?eign |gd§2% {%#ééﬁ'ect a
first plurality of two frequency sub-ranges of a frequency range for

transm ssion in accordance with a frequency hopping pattern, the
28. The method of claim 27, wherein the frequency hopping

pattern is with reference to a fixed time.

29. The method of claim 28, wherein the fixed time is the start

of a beacon slot or the start of a Medium Access Slot.

30. The method of claim 27, wherein the second ad-hoc radio
communication device reserves the same transmission time
period for the transmission of the second plurality of the
two OFDM symbols in accordance with a time shifted versioh

of the frequency hopping pattern.

31. The method of claim 27,
wherein the frequency range is a frequency band group and
the frequency sub-range is a frequency band within the

frequency band group.

32. The method according to claim 31,
wherein the frequency band group comprises at least eight

frequency bands.
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frequency range conprising a plurality of frequency sub ranges; a
transmtter configured to transmt a plurality of two OFDM synbols in the
sel ect ed whur@izpe4of the two frequency sub-ranges in aecorsdamo®onot h t he
frequency hopping pattern; wherein the selector is configured to select the
first plurality of the two frequency sub-ranges of the frequency range for
transm ssion such that the device transmts the plurality of the two OFDM
symbol s at a same transmission tinme period with another ad-hoc radio
conmuni cation device that is within the same ad-hoc comuni cati on devi ces’
group, wherein the other device uses a second plurality oftwo frequency

sub-ranges ofnd R fHROURNGL JidPe of @n s apsm ssion, and wherein the first
plurality of the two frequency sub-ranges has no over| ap with the second

plurallty Cﬁwﬁ tﬁ“%ﬁé“%?%ﬁﬁ c OROFEQQS aagé rghféad'P9§?;dﬁéﬁ§vuﬁbpp|ng

comuni cation %eew ce accor wher et h

patternls t(% (Ie[f encetoaflxedtlrre 36. The ad-hoc radio

comuni cat i on device accordl ng to claim35, wherein the fixed tinme is the
start of a beacon slot or the start of a Medium Access Sl ot (MAS)

34. An ad-hoc radio communication device within an ad-hoc radio
communication group for transmitting OFDM symbols,
comprising:

a selector configured to select a first plurality of two
frequency sub-ranges of a frequency range for transmission
in accordance with a frequency hopping pattern, the
frequency range comprising a plurality of frequency sub-
ranges;

a transmitter configured to transmit a plurality of two
OFDM symbols in the selected plurality of the two frequency
sub-ranges in accordance with the frequency hopping
pattern;

Wherein the selector is configured to select the first
plurélity of the two frequency sub-ranges of the frequency
range for transmission such that the device transmits the
plurality of the two OFDM symbols at a same transmission
time period with another ad-hoc radio communication device
that is within the same ad-hoc communication devices’

group, wherein the other device uses a second plurality of
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37. The ad-hoc radi o conmuni cation device according to claim34, wherein
the ot her device uses the second plurality of the two frequency sub-ranges
of the frwqQuesendrange for transm ssion in accordance wpPCh/S&2069r00019hi ft ed
versi on of the frequency hopping pattern. 38. The ad-hoc radio

communi cation device according to claim34, wherein the frequency range is
a frequency band group, and the frequency sub-range is a frequency band

wi thin the frequency band group.39. The ad-hoc radi o comruni cati on device

according t awd @reRncihendrrahhesl 6 equeacyr bansh gf Qup g0 ses at | east
ei ght frequency bands. 40. The ad-hoc radi o comunicati on devi ce according

to claim 34 whareiin 4ike ,f LRUGAE Y DOPPLOG: PALL &5 5 sa TidEetRequency Code
(TFC) . 41. The aélhéb raaio connﬁnication devﬁ%giéﬁébéafﬁgtﬁg gﬁgin134,

further comiey)iig 3 SYRCREAGEZAKLON, G LEML L., WhEKEI I he Synchr oni zati on
the devi }}h er

circuit is configuréd to synChroni ze ce w ot h evices within

the ad-hoc [AQ0GUYMUN CALT 0N, IRYL GRS, -8 QUD. p 2480 The ad-hoc radi o

communi cat i 6n Vi C ccording to crai 4, FES i n each frequency
range, the transmtter is

35. The ad-hoc radio communication device according to claim
34, wherein the frequency hopping pattern is with reference

to a fixed time.

36. The ad-hoc radio communication device according to claim
35, wherein the fixed time is the start of a beacon slot or

the start of a Medium Access Slot (MAS).

37. The ad-hoc radio communication device according to claim
34, wherein the other device uses the second plurality of
the two frequency sub-ranges of the frequency range for
transmission in accordance with a time shifted version of

the frequency hopping pattern.

38. The ad-hoc radio communication device according to claim
34,
wherein the frequency range is a frequency band group, and
the frequency sub-range is a frequency band within the

frequency band group.
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configured to transmt an OFDM synbol such that the OFDM Synbol

Transm ssion Duration (OSTD) of an OFDM synbol transm ssion follows an OSTD
of anot hewoGp®M3gRAbOl transm ssion with no tine intervalCTisezowmnowhem 43.
The ad-hoc radi o conmuni cati on device according to claim42, wherein an
OSTD i ncl udes OFDM synbol transmi ssion tinme and OFDM frequency sub-range
swtching tine. 44. The ad-hoc radi o comruni cati on devi ce according to any
of the clains 34 and 38, wherein the selector is configured to reserve or
use a default plurality of two frequency sub ranges of the frequency range
for transm ssion in accordance with the frequency hopping pattern or a tine
shift eq% oer Slih%n agif—hto}&e rfa%g“%%%ﬁuﬁ??ﬂ ﬂg\ Ef?et\; 'ecren'ac4c50'rd-|ihe %%- %?% i}’na‘di 0
comuni cati on device according to claim 44, wher 5 e requency hoppi ng
pattern iS\gérH&S&%gen%% ta a fi%ed tiqg. 46. The ad-hoc radio
conmuni cat i 6n ' d&VCEE e EOPAFAGIEE oY AL T MRS ITET Pite LEPAEs are
reserved or se& cted wwthin the default plurality of the two frequency
sub-ranges i 98¢ c SFEIHEE¥oPBRESE r equency hopping pattern, the selector is
configured to select another plurality of two frequency sub ranges in
accordance with a tine shifted version of the frequency hopping pattern for

transm ssion. 47. The ad-hoc radi o communi cati on device according to claim
4 The ad-hoc radio communication device according to claim 34

wherein the frequency hopping pattern is a Time-Frequency

Code (TFC).

41. The ad-hoc radio communication device according to claim
34, further comprising a synchronization circuit, wherein
the synchronization circuit is configured to synchronize
the device with other devices within the ad-hoc radio

communication devices’ group.

42. The ad-hoc radio communication device according to claim
34, wherein in each frequency range, the transmitter is
configured to transmit an OFDM symbol such that the OFDM
Symbol Transmission Duration (OSTD) of an OFDM symbol
transmission foilows an OSTD of another OFDM symbol

transmission with no time interval between them.
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46, wherein when the tinmes are reserved or selected within the other
plurality of the two frequency sub-ranges in accordance to the tinme shifted
ver si on ovoth@/M9rgquency hoppi ng pattern, the sel ector PSTSGR6GIPOo1OT t O

sel ect another plurality of two frequency sub-ranges in accordance with a
still larger tine shifted version of the frequency hopping pattern for
transm ssion. 48. The ad-hoc radi o comuni cation device according to claim
34, wherein the selector is configured to select a plurality of two

frequenay . sultid agenOfrddl® opauaRex Ll BRIGe| NcCLOLdanGRy Wid .3 srandom
time shifted version of the frequency hopping pattern, or a prior tixed

time shift ofyt %Jﬂeﬁ%u%@ipbsqu?hegaaégt Sﬁﬂliflg‘.%yrﬁ%c?f Y M S s@%%l GBS

transm ssion duration during Ixed tine s transm ng

synbol s. 49. - i nuni cation_device according to claim48,
wher ei n theé?gggﬁ tlﬁg%gﬁggcgsgggEESB n %V%%g%}n%f%B%?Un1Access Slot. 50.
The ad-hoc radi o communi cation device according to claim 34, wherein the

selector is configured to select aplurality of two frequency sub-ranges in

accordance w.th a tinme shifted version of the frequency hopping pattern,
Che.pl ubdri TR e WP GBIEY L Sabs PRNEES: Bl A1 Tht e & 2hy. oF

the claims 34 and 38, wherein the selector is configured to
reserve or use a default plurality of two frequency sub-
ranges of the frequency range for transmission in
accordance with the frequency hopping pattern or a time

shifted version of the frequency hopping pattern.

45. The ad-hoc radio communication device according to claim
44, wherein the frequency hopping pattern is with reference

to a fixed time.

46. The ad-hoc radio communication device according to claim 44,
wherein when the times are reserved or selected within the
default plurality of the two frequency sub-ranges in
accordance to the frequency hopping pattern, the selector is
configured to select another plufality of two frequency sub-
ranges in accordance with a time shifted version of the

frequency hopping pattern for transmission.
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froma plurality of two frequency sub-ranges that has been reserved or

sel ected by another device in the ad-hoc radi o conmuni cati on devices' group
i n accor dsoceowmisptz4t he frequency hoppi ng pattern or a tipeE/Sshodtoedoyer si on
of the frequency hopping pattern. 51. The ad-hoc radi o conmmuni cati on device
according to claim34, wherein if all the frequency sub-ranges are already
reserved or used, the selector is configured to select a plurality of two
frequency sub-ranges in accordance with the frequency hopping pattern or a

time Shiffedrnersiobofrddie, [dAfNeNEL (ORPHAG, Bt LELA: dN1a) ol Id1 oG, T1 TSt

rel eased from being used in accordance w e frequency hopping pattern
Or Jhe L1110 B0 (e B SHAT, Gl DO LeQUENG - I00RL G POLESLLT Ot
Frequency hanet gt i g % STeRBR el SRAFTEGY VEHSTOH B tife frequency
SUb anges. IO USediie Sca6r AanEboa: PRI E HEP [ bauehcy SBISBITG pat tor n

or a time shifted version of the frequency hopping pattern, the counter
cl ock corr esHEWRSiTHY R 49HE f tEGuERe§CRBBPE Agcpaft BrFrdrta Heledtme shifted

version of the frequency
another plurality of two frequency sub-ranges in accordance

with a still larger time shifted version of the frequency

hopping pattern for transmission.

48. The ad-hoc radio communication device according to claim
34, wherein the selector is configured to select a
plurality of two frequency sub-ranges of the frequency
range in accordance with a random time shifted version of
the frequency hopping pattern, or a prior fixed time shift
of the frequency hopping pattern at every OFDM symbol
transmission duration during a fixed timé slot for

transmitting OFDM symbols.

49. The ad-hoc radio communication device according to claim
48, wherein the fixed time slot is a beacon slot or a

Medium Access Slot.

50. The ad-hoc radio communication device according to claim

34, wherein the selector is configured to select a
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hoppi ng pattern starts being decremented froma predeterm ned val ue, and
when the counter clock reaches zero, the device starts to transmt the two
OFDM syntwbzo@t13pt2¢ plurality of the two frequency sub- pamge0i9wo@otor dance
with that frequency hopping pattern or that time shifted version of the
frequency hopping pattern. 53. The ad-hoc radi o communication device _
according to claim 34, wherein in each frequency range, the transmtter is
configured to transmt an OFDM synbol such that the OFDM Synbol

Ifenem oSt R UAAN SO GLeA0, LMDl LS sSlen Lol gy o0 OSTO
bet ween thergime shifted version of the frequency hopping pattern, the
plurality of the two frequency sub-ranges being different
from a plurality of two frequency sub-ranges that has been
reserved or selected by another device in the ad-~hoc radio
communication devices’ group in accordance with the

frequency hopping pattern or a time shifted version of the

frequency hopping pattern.

51. The ad-hoc radio communication device according to claim
34, wheréin if all the frequency sub-ranges are already
reserved or uéed, the selector is configured to select a
plurality of two frequency sub-ranges in accordance with
the frequency hopping pattern or a time shifted version of
the frequency hopping pattern that will be first released
from being used in accordance with the frequéncy hopping
pattern or the time shifted version of the frequency

hopping pattern for transmitting two OFDM symbols.

52. The ad-hoc radio communication device according to claim
51,Vfurther comprising a couﬁter clock applied to the
frequency hopping pattern and to each time shifted version
of the frequency hopping pattern, wherein upon the release

of a plurality of two frequency sub-ranges from being used
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53.

in accordance with the frequency hopping pattern or a time
shifted version of the frequency hopping pattern, the
counter clock corresponding to the frequency hopping
pattern or that time shifted version of the frequency
hopping pattern starts being decremented from a
predetermined value, and when the counter clock reaches
zero, the device starts to transmit the two OFDM symbols at
the plurality of the two freéuency sub-ranges in accordance
with that frequency hopping pattern or that time shifted

version of the frequency hopping pattern.

The ad-hoc radio communication device according to claim 34,
wherein in each frequency range, the transmitter is
configured to transmit an OFDM symbol such that the OFDM
Symbol Transmission Duration (OSTD) of an OFDM symbol
transmission follows an OSTD of another OFDM symbol

transmission with a fixed guard time interval between them.
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