1 ASYSTEM AND METHOD FOR DYNAMIC ADAPTATION OF DATA
RATE AND TRANSMIT POWER WITH A BEACONING PROTOCOL 5 The
present invention relates to a protocol for ultra wide-band (UWB) medium
access control (MAC). More particularly, the present invention relates to an
enhanced protocol for UWB MAC. Also the present invention relates to an
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a MAC protocoﬁ in which devices are sending a beacon. T Ireless
personal area networks (WPANS) are intended for communication on short
links of up to ten or several tens of meters and do not rely on an installed
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peer-to-peer networking. Furthermore, the reservation of the medium by the
25 de(\wgégl%,rpraft 0.61, August 3, 2004,
According to the MBOA standard, all devices are required to regularly transmit a

beacon 105 (see Fig. 1), in order to maintain coordination between communicating devices.

A beacon 105 provides the basic timing for the network and transmits information regarding

isochronous reservations, sleep periods, etc. All devices announce their isochronous airtime

30 utilization via beacon transmission, recognize neighboring devices’ airtime utilization by

receiving beacons from them, and respect other devices’ airtime utilization prior to
transmitting/receiving data.

This makes the distributed MAC protocol very well suited for ad hoc applications and

peer-to-peer networking. Furthermore, the reservation of the medium by the devices on
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2 which the distributed MAC is based eliminates sensing and collision Limes
on the medium. Data throughput is increased and mesh networking support
is significantly improved. Owing to the distribution of medium reservations,
real-Lime streaming support can be guaranteed. A very efficient real-time
streaming protocol enables the controlled deIivery of 5 real-time data, such

as audi d vi s of data can include live data fee
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and TX H%WSresgnt invention addresses the problem of appropriate MCS and transmit (TX)
power selection on the transmitter side and provides a very powerful and efficient solution
based on a beaconing concept.
An adaptation of the MCS and/or TX power is frequently needed because of varying
channel conditions in wireless systems (but also wired systems to a certain extent). A
variation in the channel conditions can be due to interference from other devices in the same
or different networks, channel fading e.g. due to terminal mobility, varying distance between
sender and receiver, etc. The difficulty in the appropriate selection of MCS and TX power is
that the channel conditions on the receiving side should determine the selection, as the

receiver has to decode received data correctly. However, the sender is in general only aware
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that the channel conditions on the receiving side should determine the
selection, as the receiver has to decode received data correctly. However,
the sender is in general only aware 3 of its own channel conditions but not
the channel conditions on the receiver side. There are two basic approaches
to this problem. The first approach is that the sender estimates the channel
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Incremental feedback regarding MCS and TX power selection means that the receiver
indicates in its beacon whether to increase or decrease (or keep unchanged) the data rate (rsp.
MCS) and TX power. This increase or decrease is defined in steps. Upon receiving this
indication the sender may follow this recommendation and increase/decrease/keep unchanged
the MCS and/or TX power by one (or several) steps. The beacon includes separate
recommendations for MCS and TX power. The sender may also apply some form of sliding
average scheme and may follow receiver recommendations only with a certain delay.

Full feedback regarding MCS and TX power selection means that the receiver
includes in its beacon a specific recommendation which MCS and TX power the sender
should use. As only a set of MCS is defined in a standard, each MCS may be designated by a
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Full feedback regarding MCS and TX power selection means that the
receiver includes in its beacon a specific recommendation which MCS and
TX power the sender should use. As anly a set of MCS is defined in a
standard, each MCS may be designated by a 4 code, rsp. combination of
bits. The recommended TX power level may also signalled by means of a
code (if the TX power IS defln d in steps san ab te va e. Upo
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In the case where the feedback is transmitted in separate IEs, the present invention
foresees that either separate IEs for MCS and TX power are defined or that both types of
feedback are integrated into a single IE. The advantage of additional IEs is that not only
feedback for DRP transmissions can be given but also for the second type of data
transmissions according to the MBOA standard based on random access (see detailed
description below).

The invention provides many additional advantages that are evident from the

description, drawings, and claims.

FIG. 1 illustrates an overall superframe layout;
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30 description below). The invention provides many additional advantages
that are evident from the description, drawings, and claims. FIG. 1 illustrates
an overall superframe layout; 5 FIG. Zsillustrates the structure of a Beacon
Period; FIG. 3 illustrates the format of a beacon frame; FIG. 4 illustrates a
wireless network of devices operating according to the present invention; 5

FIG. 5 il:{gstrat_?s some buildinlg blfocks of a devjce according to the present
; N

inventio I%%.I%Ka}ﬁﬁ@ﬁéﬁrgg rst E%ﬂﬁbﬁ%ﬂcg the Distributed Reservation
ProtocolFlafdrithstiarstie At DRPEONfBRTRIL; FIG. 6B illustrates a first

examplero thelRRES antigdifie fetnsid e tieid R Rifsi dilg adbrilibts thades fesent
Seuﬁx%?ﬂo xample of the Distributed Reservation Protocol 10 Information

Element format; FIG. 7B illustrates a second example of the DRP Control
field insifE>td! BHBAE SOPFEUILIING IPskeaf 4 IREFRICAMHNG BY TR ETAN IPeiBRcKk
Informatfi6.EkmahsithiedEd fosmakampl. ofillibstratestatsd ceesenetiam pietofol
thexfaintsicReabask (bfimaemnglement 15 (LFIE) format; FIG. 10 illustrates

an example qof the relatiopship between data rate and signal to noise ratio;
G 11 MR 6 L SR 08 R B AR A Eloment
(LFIE) foHmalAamtisotesG. sepoiiseaimete aofinkefilitftbrigat Resrsviasigse Protocol
undersiard bymetsemmef ordinary skill in the art that the following

descriptipfes ?éefuﬁ%?é’ﬁ‘%%%ef JhRURASE SR ieH REOR PRS ﬂriﬁ’s'ié%ﬁwr'%’mﬂ‘é’{‘: An

artisan understands that there are many variations that lie wit e spirit of
the invertBnBdHETRESSKEAHIRE Bp pétkdesq RSt BrorpaAYaR E4aBelt et

offemeawn functions and operations may be omitted from the current

descriptipisSq 3fuRRkdo LREGHECSDFMRAEESE e YR IR NG EiIRHIBH BRMAC

pr toc?l tim? is divided into superframes 100, as illustrated in FIG. 1. At the
bRy R each superframe 100 there is a beacon interval/phase also
known akla-béadigsirpesian (RPple O thratdlstiefbindrtvgen daitaraiaARtriigsrdio
inteivalipbase
FIG. 11 illustrates a third example of the Link Feedback Information Element (LFIE)
format; and

FIG. 12 illustrates a link field format.

It is to be understood by persons of ordinary skill in the art that the following
descriptions are provided for purposes of illustration and not for limitation. An artisan
understands that there are many variations that lie within the spirit of the invention and the
scope of the appended claims. Unnecessary detail of known functions and operations may be
omitted from the current description so as not to obscure the present invention.

In the distributed MAC protocol, time is divided into superframes 100, as illustrated
in FIG. 1. At the beginning of each superframe 100 there is a beacon interval/phase also
known as a beacon period (BP) 101 that is followed by a data transmission interval/phase
102. In the most general superframe structure, a superframe can also contain more than one
BP. The superframe is furthermore divided into a certain number of Medium Access Slots
(MAS) 103. Inside the BP 101 the MAS 103 are sub-divided in a certain number of beacon
slots 104, e.g. 3 beacon slots per MAS 103. The BP 101 can contain a variable number of

MAS 103, rsp. beacon slots 104 but cannot be longer than a certain maximum length.
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30 102. In the most general superframe structure, a superframe can also
contain more than one BP. The superframe is furthermore divided into a
certain number of Medium Access Slois (MAS) 103. Inside the BP 101 the
MAS 103 are sub-divided in a certain number of beacon slots 104, e.g. 3
beacon slots per MAS 103. The BP 101 can contain a variable number of
MAS 103, ISP, be slots 104 but cannof be longer than afcerta n
mEsIln Bhgte. e%c?oﬁe%?o"’ttéd 4 RHA éf&e%e%a?%&o“&tbfgﬁé’i‘ﬂ‘&?ﬁ{@é (8
adoensrftns symbprenissiaisislaysaccuracies and transmission delays. The

structureraé thecBR &Qﬂ:eiSBml@Il’@lmdsifthdgn ZidDuripgriadFeQ b2l devies $hat
thate a{r‘r‘eﬁf)ﬁha%r AL ARG nsé%igngéhwpg\,ﬁﬂaﬁ%‘ RO %%n??}é% P&gﬂ%&%‘&%ﬂ

heir own beacon 1 5inoneo eacon slo

CdHt%ﬁﬁ gﬁf&?%@ﬁcﬂﬁ%@& 1oBR %%@l%éo@ﬁ'&ﬁ@f’m}?%% L5rd ¥, & &P{h@
begéaialmyr2G2 deteang 208: obgheiBP20F iy .cBdstodwkttheformat of a beacon

frame 2 vgrmm a%hpﬁtfrﬁalaybme]@ A Sl RBE RSO g o
con e following fields nformation elements

o ao RO NG BRI 01 B (A S84 s

adtﬁbgslﬂw;a@ﬁ@ Ei%e?tain number of Information Elements (IEs) 304; The

Slot Numghg\gRbeisstiie slot in which the beacon is transmitted and represents

the 15 06der olfdthtefbe%Sgns. With a Slot Number field size of 8 bits, 256

devices cah Be §ﬂ|'3|bo simultaneously. The Device ID 302 is a relatively

short4D @ agdees BitY;tht is derived e.g. from the 48-bit (or 64-bit) MAC
address pfdimdamiss éprnfmwm@maﬁemz@rs@ms the purpose to save

overheaq Eﬁn id ref;%ess O O?}ﬂ(\:/v%%()tr;r[hgalf\rqjﬁgt%g]%% S 30 |s the 4§h bit

(or 64-bi t) evice Ormation Elements fﬁc—_ﬁs
30Udenef B BragmieraMithyjest W%Wﬁ@'éﬁ'?ﬁﬁr%ﬁo?ﬁ@l@ﬂéﬁﬁt%‘ ienrReEhy
ansitnfiasneatinn Element Identifier (ID) 601. Only a modified Distributed

Reservalipn iaioReipRnalian e (P RESA0R A% Bellasbadirie

IEs for MCS and TX power feedback are cribed in more detail in this

inG&HidA! %8'02%'%3%“%?@“ PARRAFEHES BRAPSERESENE IS SEPHEASB Al

arsaeiek YOO wideasstw Berrevidéments of the present invention are to be
applied. faanetwankssine wieauf b alitys0fit) full MAC address of the device.

The Information Elements (IEs) 304 can be of different types. The type of

information element is identified by an Information Element Identifier (ID) 601. Only a
modified Distributed Reservation Protocol Information Element (DRPIE) 600 as well as the
new IEs for MCS and TX power feedback are described in more detail in this invention, see
Fig. 6.

FIG. 4 illustrates a representative wireless personal area network 400 whereto
embodiments of the present invention are to be applied. The networks include a plurality of
wireless personal communication devices 401. In the traditional approach, each device 401
can join any ad hoc network within its radio range 402 and therefore can participate in more
than one BP.

Each wireless device 401 within the WPAN 400 shown in FIG. 4 may include a
system including an architecture that is illustrated in FIG. 5. As shown, each wireless device
401 may include an antenna 506 coupled to a receiver 502 that communicates over the

wireless medium 510. The devices 401 each further comprise a processor 503 and a Beacon
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wireless personal communication devices 401. In the traditional approach,
each device 401 can join any ad hoc network within its radio range 402 and
therefore can participate in more 30 than one BP. Each wireless device 401
within the WPAN 400 shown in FIG. 4 may include a system including an
architecture that is illustrated in FIG. 5. As shown, each wireless device 401

lud t 506 led t 502 that t
W R A R e
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infergittatidermatignpoiit ieéy darotidetiadish ceeypied iseerroros| of T esuldigalbigagon
beagoroSHS aa%m@yd&mﬁaeian@aq)éws SieReialAYWRRSEE k) BE thelskpiNdifose

may, E)%Ct(n? ﬂgg((%qn%lc%n %a% Qa%ﬂ?%gl @g\ﬁgg to accommodate additional

deV|ces evice etects one or more beacons 201, it does not
create a'hEW BPCEF! BEHISY, TRE QoA é%eﬁ?ﬁ%%oh%r%taef‘ﬁ*’b%é@ﬁ
growpattohe theitedeivaihisaaconsn? 0dacdhgrode frioe e traviddieacns Zouphe

CORFRES TR HEMGESHPRMpRE: e dereerdfliRerine Al deRs QRRed at
beacon frame 201 durln the %ﬁjﬂs mLostBeacons sufperframes 100.

At a?%’&érﬂ%%z% NS R L T EAEEY i RFEPEIGD B ééﬁ‘%i%&s“o&
seRseiepheatonssiitp) lgseriods, diffauiichersoseprtios. oivrelseactn Keuforeeral)

COIEHBMN IS Withhanotier lerdseefdl ddnarsiacitdithenBibiheldeabacides

with the %R%rgtgr[ o?%agﬁol%lf‘ t%mc.&‘é%‘?/vf{r?m he stl q Iatﬂéj associated superframe 100 and
can be deduced from the beacon slot number included in a beacon. The end of the BP 301 is
also announced in a beacon and is given by the last occupied beacon slot or MAS plus
eventually a certain number of special purpose slots 203.

If two devices transmit a beacon 201 in the same beacon slot 104, a beacon collision
occurs. The latter can be due to the fact that two devices have randomly chosen the same
beacon position in a BP 101 or due to a hidden terminal problem in mesh network scenarios.
The beacon collision has to be detected and resolved because other devices may not be able to
decode the two colliding beacons. Devices detect beacon collisions by scanning beacon slots
as well as by decoding the Beacon Period Occupancy Information Element (BPOIE) in the
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can be deduced from the beacon slot number included in a beacon. The end
of the BP 301 is also announced in a beacon and is given by the last
occupied beacon slot or MAS plus eventually a certain number of special
purpose slots 203. If two devices transmit a beacon 201 in the same beacon
slot 104, a beacon collision 30 occurs. The latter can be due to the fact that
two devices have randomly chosen the same beacan positjon.in a BP 101 or
AUEES Rl HEh GBH5mal 1 SBIEIR RSN EE AATES PG R
coNbiebrinaiestes ihe aesensy ahthe dsatoedipiedadide BNEL cdeneesith &g svise
ahtergrige goge theotwe cellicin hherepyshDrRYjees 6l etacdbgasa0icolisins
by ni | II. ing. t Peri

R e e @éﬁéﬁ%ﬁ? R e s
TIfé @@@f@%‘%fﬁtﬂﬁﬁe&%rﬂ‘ﬁ dnri¥NrhdRe daticheRds s Beasen If a
indeaede sdilisiamds dpactey thd dhedoacrsslatstorn thiéfeBt 2Oftaeagmalit. thmless
D%\ﬂ&%oﬁ%ﬂmtﬁ{% (&Pl ot the %Mé%%%@én%‘#ﬂ%ﬁ@%&%%@@dﬁ@o‘??@&ﬂﬂ
slots 104. A device detects a beacon collision if a DEVID different from its
oW SEIBEeHEABREd % a BPOIE 5 of another device for the beacon slot
104, in wiieh differefdvivedswh crsdess osehemencin. de¢fineBeatofaigoliaiomission: a

detesieddheasievicelasiie Wth I reliéfesant BBy horrPacses sUnigss: &
b%%&%%?é@%g@&% 9&6%85%9cﬂaﬁﬁe‘('ﬁ&gs%g]ﬁé/if°‘ beacon 201 in the same
beacon slot ra

In subsequent super es 100. Two different medium

access sURMRESEFEs defiTreti B UCESPAPRIAR LIBh resery @i pas iy esiom i ase i
acoastietalied Distriatite ¢ Reses(IRPHER 6000 Jol BIRMAtdecess Bt 62 and

rapgPR ARGRASCRIGBRIANES SIRARSHAGLER I vIEBHP BRIRCHRRSA

foresees that devices ann ungc?j:]déheir reservatjons in beacon frames
I

\ ( n .
soREAIIER" BRP AR SN e A5RPIRS e .ef\f/%%e%ht%w{‘é‘t‘?{}eé@f’sVBﬁp
| EheZ0 @srgoduibeP R HenvinelvfieTidn BAhepo6Bf Bbehdarictysd dayp idiffepesithe
versipnsi 6 tiaViOMnbinsre ehiaationabrtaveiextendag Byplields tivat aieent
.desﬁlegﬂ NhBPIER Ak 'W%@S'%ﬂ-zﬁ‘i' SRy 'f%%%ﬁ%‘&%%ﬂ%@@&otiﬁ%%ﬁ&? A
INCIU ea In the beacons 0] Qt%er evices an ave to respect the
reSER0AtIBMEA AR PECAA ALY terard Rirake ReattaRdistiyappirees e
curréetivesupeefresareed @arin) whibRRhesbeamonca0hewittothed dspeetiveriDdR BRI E

6QQLI, HRIPTMLEE R RS RAMEHANCRAL SRARY RN MR SiGlMA RO R,

with non-reserved slats 20 in-between the reserved parts.

also be periodi
NI DR A Db B SBh o FELEAIE bf (ot
plamseedneaimsmigdiaireitromeleicitpdsyane diesived sidvrsl AregrieresriineBRIME
IMgiGHh &1l respe 6 Ibkdiaes 201aWaI RipdFrifhéb eob encaiicr krraaserandis active.
reCRIVER i Prﬁt&h&aa%%%eg%oex%%gg%‘fié?&h%ésp‘ﬁo%’ﬂaglﬂ%%" SRACLAN the
receivers Include a corresponaing

sender and the receivers at the reserved time.

The second type of medium access is the Prioritzed Random Access (PCA). This
access method, which is very similar to IEEE 802.11e, is based on carrier sensing of the
devices. If a device has data to transmit and the medium is sensed idle, the device can
randomly access the medium after it has carried out a so-called backoff. The backoff is useful
to spread the access of different devices in time and thereby reduce the collision probability of
data frames. As the superframe is slotted into MAS 103, devices are only allowed to access,

rsp. start their backoff at the beginning of a MAS 103. Furthermore, devices have to respect
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600 in their respective beacons 201 in all superframes 100, in which the
reservation is active. 25 This will inform other devices about the reservation
and provide a free medium around theg sender and the receivers at the
reserved time. The second type of medium access is the Prioritzed Random
Access (PCA). This access method, which is very similar to IEEE 802.11e, is
ased on carrier sensing of the devices. If dewce datat it and
D RECBTEIR 2 B HE THET 08 ABUHES P PO ADR LA
aftet beeigsermdey BBPa so-called backoff. The backoff is useful to spread
the access of different devices in time and thereby reduce the collision
probability of data frames, As the superframe.is ci(lnto MAS 103
Covices Mg, SHENTo A T HEAaCEE 1) SO0 bl baCEOHadthe BAlph e
of AN T ) INGBerrrsrasoiie! telidanrriieen sigapley eERPsTesBeoeiMepSS a
whighmieiansetiak apyieas hakeariyontearndvidsod Oy méihs BbAatbafraave2010t

begn reRenes S%l%ézﬁp’h%zﬂg%es (E) 0S5 GRR g&HS‘ﬁJPregé/mg&'P% fhe

MCS selection ink 5°A tatlon an ower Control inc

arPOHRAEAT %ub‘ﬁé‘?ﬁrﬂ’ﬁr%&%ﬁ &‘thfﬁ@é@l\?&@@f‘ﬁ”‘t%‘@m&wﬂ‘séﬁa feedback
feetizackisotieseadealfeddtiackifal Senibstninpame bsigch beaaom. faerg Stab.

Tﬁﬁﬁ@d%ﬁ&?%&%@aﬁ;&ﬂ%& Qre{;@@ye@%)bmm lHH%\Qs' P R RERCAMRSSIRLAL,
even tho the |n a beacon period 101 is the preferred

en% %(fVYﬁ en The feedback can consist of incremental
feedbacﬁ??@!ﬁﬁé@ﬂ%@@ﬂéﬁﬂhﬁéﬁs@t@||||Qwﬂ§1af‘(§nﬂEf@eW weysiaie Q@Vvided to

pafiadicatyiserdsaharaan ﬂe @ea%uﬁzriuﬁﬁmﬁa fwebiabkal awrided fythamirp IE
a%Bt&t{%‘f& UA% J%’k %ﬂl?t‘é ‘{Y&ft AldlgpgRder. Several examples are

describe ollowing erent W%are provided to include

feedbacl?hﬁi‘éiﬂﬂba*ﬁ%r?ﬁem"é"Hb%{etﬁ?ﬁo'E'?fH@? PR FRLRAR &I NA yiRd in
DRP HeacG0D the theeife édbthek d sanagrsmitteckiveaofl s finete Rttt backifsioh 5nTthe

d '%HEHJH&ﬁQn"%‘ﬁﬁ{ %&%@W@z’ QoRR él}ﬁ@:rﬂﬂa%%(?'qmﬁﬂ£|(QﬁPvéE%§Qﬁzt5 I Guged

eb ac n if the d Vlce is e er a en er or a receger of a future DRP

tra{P]csM? SIO eﬂ%%nsc? 'r‘f%\nes éL 5 Sﬁ%\ afgée%ef“fﬁr superframe 100. In
an aIternE'm/é!ffPfénDRF'ﬂEe%Oél@@ fﬂﬁ'@ﬁﬁ@é@hﬁﬁ@'Bélai:dhétf@ledii*eE!GS- 6A/6B

neighbwm@ba&na@r aIch soevaSiatd yRorbiiferens prampies ffl thie darmakof

EPGRB@IP(Q&Q & "Wf'ire%eﬁ'l&l i ‘f’rﬁ/‘?&e %& aﬁ\%@( ﬁ%ﬁﬁﬁ"f\%’ gback

ustrate a format of the DRPI with X power fee
wiepeaEsehak-7A/7B illustrate the case with |ncremental MCS and TX power
feedbackn thetfivst Ersieleaaiph®, |18 DR EesafcoHwsatted iaslidgtrated in FIG 6A.

The Element ID field 601 identifies the information element as a DRP IE.

The Length field 602 gives the length of the DRP information element in number of
octets. This is used in order to indicate the beginning of the next IE.

The DRP_Control field 603 is illustrated separately in FIG. 6B and includes the
following fields:

The ACK Policy field 631 defines the acknowledgment policy for the transmission in
the intended reservation. It is encoded as in the MAC header, except that the 11 encoding is
not to be used. The ACK policy field is decoded only if the DRP reservation is of type Hard
or Soft.

The DRP Reservation Type field 632 indicates the type of the reservation and is

encoded as shown in Table 1.
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The Element ID field 601 identifies the information element as a DRP IF. 25
The Length field 602 gives the length of the DRP information element in
number of octets. This is used in orderto indicate the beginning of the next
IF. The DRP Control field 603 is illustrated separately in FIG. 6B and includes
the following fields: The ACK Policy field 631 defines the acknowledgment
policy for the transmissiqn in 30 the intended reservation. It is encoded as in

the MAC header, except-liﬁ%{f %€I¥p§ﬁ8oﬁfﬁa\f§t'ﬁ%‘°’t to be used. The ACK
policy field is decoded onlif the DRP reservation is of type Hard or Soft.

The DRP Reservation T_ﬁ&ﬁe@@&%@f&@iﬁé\%@&@he reservation and
is encoded as shown in[iaBle-1.-10 T%Qfé?fseﬁ@@? of Reiservations 001
Hard Reservation 010 Sulbd-(ﬁicwdti_uhreé(e%rge (_ellvr%t/?t,'l%cb rvat_ior_l 100-111
Reserved 5 The DRP Reservatom Prionty 633 mdicates the priority of the
transmission in the intended reservation, and takes on a value between 0
and 7, inclusive. The priority shall be chosen according to IEEE 802.1d

Annex Hrge B REERIESTBRORY BOIARR4NIRARS I LHFRMRHIMGEN in the

stream of the data intended to use the DRP reservations indicated.in thi

DRBIIEC 5 S ANIRET B RAe RV Q408 el TOE PRl Yl e
distierguishordnijgléESESAMS Berwel 2 the same set of sender and receiver(s).

The RATrefiellhRdnmasiined issthmpeaseMdnientinoig allaweanegeivedia
give_feedback t nder regarding the r rate, rsp.
e e R S i o
SHER IR 19 UspAtedisEBRBT, TIPS SERRPIDON bk B Frlts Wi TFRNR! fiddd
604cenayde set to the actually used data rate in the respective superframe

for the respaekiye RIRFb0SR: JRFRIVRT thE é?en?t‘iRiéFﬁJﬂ@%lWﬁ’eEgg}EN@éve

and their bit code Rate (Mb/s) Bit code Value 53.3 00000000 O
Odﬁ%%ltﬁthe sender regarding the recommended data rate, rsp. MCS to be used by the

sender. The RATE field could e.g. be encoded as shown in Table 2. In the beacon, rsp.
DRPIE of the sender the RATE field 604 may be set to the actually used data rate in the
respective superframe for the respective DRP, rsp. receiver.

Table 2 — Data rates of different MCS and their bit code

Rate (Mb/s) Bit code Value

53.3 00000000
80 00000001 1

106.7 00000010 2
160 00000011 3
200 00000100 4
320 00000101 5
400 00000110 6
480 00000111 7

Reserved 00001000-11111111 8-15

The TX Power Level field 605 is defined in this invention to allow the receiver to

give feedback to the sender regarding the recommended TX Power Level to be used by the
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106.7 00000010 2 160 00000011 3 200 00000100 4 320 00000101 5 400
00000110 6 480 00000111 7 Reserved 00001000-11111111 8-15 20 The
TX Power Level field 605 is defined inthis invention to allow the receiver to
give feedback to the sender regarding the recommended TX Power Level to
be used by the 11 sender. The TX Power Level could be encoded in a

imil han th ta rat 8 bit bination. In the b , ,
DRBIE: ofthe SERNE! T IS I LSLr R RS MBI GF 8 Aoty
usedpiasien- inntke peajsectivelitiedfdmnsengertiie fespertiiee DRI §p> may be

Regeivere 2ctiayDestinatieniS o cesfabtivéR et HR0fi5 gt tetheie DRD ab.
thﬁ rC%R%iver, multicast-group or broadcast, if the device is the sender of the
DRP transmission, and set to the DEVID of the sender, if the device is a

receiver DTetHRETIREROH/ 3RS LT HRADS i ratfd rio CIEVIPE A L Sl P e if
thewkisentv@tiondshodayqaet, Hfahd devisefs. the DR RE serzatiomtdnssiontandsd¢he

intEBalRD AR IRSSFRAIMESs £5RcHMSf 1R BIRESRRIAS e BWASISiRmEN
The encod%;&)gf thlfo_leEI IS accordmg to the MBOA _MAC, rsp. updates of
icati

thiZS B PN PERE S SPENRR MY the’feservation does not
affect thé\ BREeReserwitivn: GoreewntaingvehermAIDRE [Benreigrsntiaies nitptifyes
DRRsResratiomfields 60 eheodifddtMifidaes SacpRiRRPKeantiohanac, rsp.

Destinati I ve i 7 t
o S, e R P  AR R BT
7CE58KE 9B G YRR ArRTBUtE ATt e BR P B ORALESES RilRatFiglds
thadthe. feédtibs chr thtormatiii® Cantalsndipebticatied Ihece DBUID fields could,

€.g., be gnly 3 SinOlacAtaEw RitSsIOR%H Nslicaig-wigllel IRRA TiRordSindiX

Paower should be increased or decreased. In the exa in FIG 7B the

iy S AR i o e ol R
erfeudietifiatsciordivstate thailihe Bedtpckanfiuariancadiriep bf RAAE there. apeiimhelds
Pevitd, €92 hietis H8Hge siat LhRadigecRd (B Rareas®hdRelIfd GaSEE, rsp. TX Power

should be increased or decreased. In the example in FIG 7B the RATE 701 and TX Power

702 fields have a length of two bits, which are encoded according to Table 3.

Table 3 — Encoding of RATE 701 and TX Power 702 fields

00 Do not change
01 Decrease

10 Increase

11 Reserved

The TX Power (Level Change) field can also have a length of more than 2 bits and
encode not only whether to decrease or increase the level but also by how much or how many

levels. Such an alternative example of the TX Power field encoding is shown in Table 4.
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11 Reserved The TX Power (Level Change) field can also have a length of
more than 2 bits and encode not only whether to decrease or increase the
level but also by how much or how mamny 25 levels. Such an alternative
example of the TX Power field encoding is shown in Table 4. 12 Table 4 -
Alternative encoding of TX Power Field Encoding Value (b3-b0) Power level
change (in TxPowerSteps) 1000-1101 Reserved 1110-2 1111 -1 0000 no

change 0001 +1r,8030 A QLM ddnRASSI ¥ PFINPEIREEN

r decides

whether the data rate, rsp. MCS and TX Power have to be changed in one

direction or the other an
701 and TX Power 702 flelds. In the be
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sender has actually char

r 702 fields co

gives @siRcommeandation tg

2GS, DF

the sender in the RATE
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set to indicate how the
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ged4iédata
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rateRgAteT X A
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used and e.g. be set to

ero. k:én bot

N described e

nbodiments of full and

incremental feedback onfy one of the't

Power could be includedH
parameters is defined. T

ne RATE and

o fields RA
inly feedback |
TX PGYEF Le

'E or TX Power Level/TX
regarding one of the two
el fields could be always

included in a DRP IE or

couldolre mad

e optional. The

latter might require that

their position inside the [

PRP |g, 15

efineq differe

tly. It should be

mentioned that the DRP

|IEs_shown.in

illustrative. A different wa

l\?oofllnciludlna

|G 6A/6B-an

| 7A/7B are only

ﬁeé'eﬁ‘?-eT E an

] TX Power Level

recommendations is also possible. In a third embodiment the DRPIE includes
informatip negsavel ragctb@ Ghramee triaRaabithess e srivednd |T1i>$ ﬁb\aanﬂvstaiq)e

INIQMBHON DN &M FRORED AL
Sre 8% (h§%5y gna oise alo

tgle\leslﬁan%eR(ﬁ sived 2Q.zional,
acket rror Ratio

N&O&dﬂﬁl%é’Pﬂ@UFeztBe%@ BabraCcos SARTEE Hde seRgeHBeiRAISIEH @ﬂ‘%ﬂé(

chrarweel7e2efields could either be set to indicate how the sender has actually changed the data
rate and TX Power or could not be used and e.g. be set to zero.

In both described embodiments of full and incremental feedback only one of the two
fields RATE or TX Power Level/TX Power could be included in case that only feedback

regarding one of the two parameters is defined.
The RATE and TX Power Level fields could be always included in a DRP IE or

could be made optional. The latter might require that their position inside the DRP IE is
defined differently. It should be mentioned that the DRP IEs shown in FIG 6A/6B and 7A/7B
are only illustrative. A different way of including the RATE and TX Power Level
recommendations is also possible.

In a third embodiment the DRPIE includes information regarding the channel state at
the receiver. This channel state information may e.g. be chosen out of the set of Received
Signal Strength (RSS), Signal to Noise Ratio (SNR) and Packet Error Ratio (PER). No
additional figure to FIGs 6 and 7 is included here, as the inclusion of the channel state
information in the DRPIE would be carried out in an analogous way than in the two previous
embodiments (RSS, SNR or PER instead of or in addition to RATE and TX Power).

In a second set of examples of the present invention, the feedback information is not
transmitted as part of the DRPIE but as one or several separate Information Elements.

Transmitting link feedback in its own IE has the advantage that feedback can not only be
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information in the DRPIE would be carried out in an analogous way than in
the two previous embodiments (RSS, SNR or PER instead of or in addition
to RATE and TX Power). In a second set of examples of the present
invention, the feedback information is not 25 transmitted as part of the
DRPIE but as one or several separate Information Elements. Transmitting
link feedback in its own IE ha feedback can not o
LIRS G et IR DA Pon AT A R e
THeedhask kheentiie ofesiiigbecking segsibpgkolire(siigldsLdeskrived dbtie Kal\WTRIEY e
d%@r&@@&i H&tdrh@lé‘@U&iWHﬁEﬂrda' Wﬁemaémma@(aerw@s @arbriﬂmtdemh@ane TX

%va’l I":Esl'ﬁﬁoll Qarﬁp%s%ﬁ%ﬁ?&% H‘t:' % E%Wﬁ:te LFCe-iUé'Psen

examp les er again in at kin t e recelver sen S tO

5 fPr%S By ttﬂfrtﬁﬁf@rﬁ%ﬁ nes! R%hnel state). In a fourth example of the
present inveritiot alampld-ele tbaukstht (infdiioB8ROLImkirrebdoed itEtt‘lﬂflEe)aa@onsof

thﬁté%é‘d‘fﬁfﬁé’b@&!&wf&%@é%\@ W&%Qﬁ%&l@gﬁﬁg'&@o‘@%?&? i E%){)G

ta rate/MCS and/or TX bower. A le struct
CHOUR ] B AR CHIE! RHES< e TG TeThL-10 P LA

fidfiy 80T Hdéﬁtﬁlwma%mfﬁ%ﬁmngéiélﬁ’tent as a LFIE. The Length field 802
gives therirmginat theidkRioifannadion ietemainindmemben ofioctets. This is

used in 1@%@%@%&@%‘%}%& of etk ErmahﬁuT?ééﬁéﬁﬁ PRyl

803 indi e communication partner he receiver

inCRiiRsIHRDIERID BRthie bditaie n hegipuaEeintsp<U!FIE. The sender may
also 15 ihelTaeRINOERIE fieidssbe actiatéortib® purpagatef dndicaticegyatspartner.
aCtH@HéééA%%B&Iﬁr@"ﬁtv?b &%%tnt@rwhtglae%@aﬁ r%eL@FEVtFHe@eﬁ@értﬁ’tthQso

the receiver ower Leﬁe ield 804 encodes the TX P Wer

Lé(}%!t*%e éL%ﬁ#Ea”bl{S ‘t‘t?éoﬂéf’d ”‘r‘t&’%gt’é%‘t LY RATHBY VIR &
thBomeseiveh i IBsaiitd By HetoisglyoukeabMIR ofithe sepsévesf the sender LFIE 20
The RATefiRioP8RE INGk m@d@ﬁrm seeRBMENeth Hiatacale.g st &GS tthdfeld

the [
ﬁ% %ésl?f tﬁ%g ea({%n rsp L %étg %tﬁ]gqé%er?\c/lgerrlkt)ﬁeg %ﬁ)ﬁg% % g]%wrﬂ%@“%
sectafé thbesengaliy UEed data rate in the respective superframe for the
respectivisRAaRTdigB0sdodives thEhec S idedhunindex el dV836d helicatesy the

USERARFOFY kasreGiRINo IR & 8¢€é)e%o€e'é sleam ingemdesregialvaion R R
the stream for which th% é baclbls ﬁb%ven If all strea eéns between a certain

set PEENEE R M dIRE R iR Seirfo) SRE MR ATR AR B8RS
(baupadranerfenthereeictignsiretiedrorettigesame link), the UP/Streamindex field

806 canThe UP/StreamIndex field 806 indicates the user priority (especially for PCA) or

stream index (especially for DRP) of the stream for which the feedback is given. If all
streams between a certain set of sender and receiver devices employ the same RATE and TX
Power (because they are all transmitted on the same link), the UP/StreamIndex field 806 can
also be omitted, rsp. removed.

The order of the fields could also be different or fields could be removed or additional
fields could be added. For example, Fig. 11 depicts an example of a LFIE format 800 which
includes Element ID field 801, Length field 802 and at least one link field 1100. Fig. 12
depicts link field 1100 as containing rate field 805, TX Power Level field 804, and a DevAddr
field 1200 which includes information of the source device for which the feedback is
provided.
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also be omitted, rsp. removed. The order of the fields could also be different
or fields could be removed or additional 30 fields could be added. For
example, Fig. 11 depicts an example afa LFIE format 800 which includes
Element ID field 801, Length field 802 and at least one link field 1100. Fig. 12
depicts link field 1100 as containing rate field 805, TX Power Level field 804,

and a DevAddr field 1200 which includes information of the souyrce device for
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means ofharsikik&alpietihislinkHeddakssratsbimatsidistdd Ay BeamchTak Pa®enubthts
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figamdoies RATLINRhANOIdS linvdLide drtddiaskeid- RS SaBNFERN dlorRERifhaldtgwetad
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ndlersitark Ay OTaHSF HhRsRRIAkRS SRS RN &im ke RRRHR Sl §°BH AR dEd drha the
sideeiVbredsesnche meeil | ttakevéheyditisiati ona@eiM @B arcdrxrpewen the sender
ausgnomeushidarehaineGhanaelatak esdback dirMIRRJasRIVaTH the

emboﬁﬁ%mgpts in wkgch the receiver sends and explicit recommendation toOI

thi'SHRONT. YRS FeABIC AL S SHaiYer s B ARPBPATREH g SPdlis ShistyeF sends
parshindiod, [Heerengndako Xopibveendsedhisyreprivee e réausedsame téaematinie
25dpenRgmenceshvalias iikdheg sentrpolkisisyhash@sialyrier ihedithine

M%csor%r%gn-cli_e)é eg\d\églio the sender. This is why, especially for the full MCS and TX power

recommendation of the TX power, the sender also includes the current TX power in its

beacon.

A combination of any or all of the previous examples is possible. This may mean,
e.g., full feedback in the sender beacon and incremental feedback in the receiver beacon or
any combination of RATE, TX Power and channel state parameters.

A device may use the Link Feedback IE to suggest the optimal data rate to be used by
a transmitter, for example, to increase throughput and/or to reduce the FER. The rate in the

Link Feedback IE should be interpreted as the maximum data rate that the transmitter should
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35

recommendation of the TX power, the sender also includes the current TX
power in its beacon. A combination of any or all of the previous examples is
possible. This may mean, e.qg., full feadback in the sender beacon and
incremental feedback in the receiver beacon or 30 any combination of
RATE, TX Power and channel state parameters. A device may use the Link
Feedback IE to.syggest the optimal data rate to be used a transmitter, for
exBiple!td Pﬁ%&%‘i e osaglﬂﬁlﬁ%%a%? f57& !?e"ﬁr e'Pé-Ea./ AR fHnat
LiifiIeweddisecornneersiaiiend be interpreted as the maximum data rate that the

transmitter shawhd A& WserateHais nRigu BTk edthatd BR tha@nsmitter by
aceaen Ig M@Illl:.lﬁf ig;tg)gag nsmitter may not follow the recommendation. A
receiver may recommend a power change to be used by the transmitter by
includind 34l BN H WS BRA MBS EMST SrinAdHPAve vaipiei Ve GRPdA M tRe
follenising dncw @ppepaareRAAR takX theved ecisiomatatan fppropridde RkTécabrer

TX R oWer FRGOMMERsaten ﬁ&hé&h&as%%ﬁ%ffférr@ﬁ éﬁféﬁﬁ,’%&a%@s%ﬁﬁﬁkﬂ‘& data
RATE and/or TX %i%ver based on different Cl‘ltel‘l? examples of which ar

LSO GREER S5 RS HeN By P e MR S oA U T B Yot
debigiehvls. tHes BaehpHaRghpRInTHeeds AT KOs TR e dpesTission aik
Mg?& r@hfb‘é%ﬂ_ffﬁé[réhﬁrﬁé@fiﬁﬁiﬂ isaion andik@dhe MambasoheakaneigiFsionFeldNis
IS | tr N IR e o) re

CERR R iR M AN CHAIRLE B SR oAt A HEE e
defvPs SR UoUE BNYRiBRISISIEEEIG 10 shows that the data throughput is
a functiorl 6ftheh8igrtadttthiN dasetiRatybp (Sidl R ¥unehichoisthacilyeahatic@ibe Ratio

d §i@ﬁﬁmcﬂﬁsﬁnaﬁmaﬁbﬁgﬁd%€bnﬁ%%§Eaﬁ@o%ﬁlﬁﬁ'sth:@fﬁ‘q ffeeSsoba differente s
with data rates of 6, 2,18 36, 48 and %4 Mblt/tf reg%ectl ely.
|

MC at , 12, 24, ,

e T A e e et
is higberr e siaiigate hanis rehievapdhersphsieaintiyai &eress tiabusidh iee dpemission. A
threwmghpoisaiapsaing tighes ShiRape eabubsutarieied dragnhérl SNRD o aking

th I f it/s th

e L R i prto o R SR e A B TR U SR
ddbsorate b IERIBRASHA SR g REIQY A e PR Hpagly SHER Ber the highest
apjatoximeftoiyNA3td Bre Tiveughropgiagiptithye thaodigNpulf ispplagitately 23 dB. The

re%ﬁ}ﬁﬁ&iéﬁiﬂ@ﬁmmﬁ\r?d% R SRAMBRE WhaRIDe 923 AR ANRRER RS
reliab itransmlttﬁ% tgg//lth a C_ert(?\lﬂ?g CS. A strategy that maximizes the
t

thi%'ﬁ@ Bﬂ?%%‘i tBARTER EERE Pute at the intersection points of
two neighistiriagy M@ Saxiaizes deer thiipy SR Vievis Se Triwitels thigivtg S/data rate at the

intersection points of two neighboring MCS, i.e. at certain SNR levels. The resulting
throughput versus SNR would be the envelope of all curves in FIG 10, i.e. the maximum of
all curves at a given SNR. A certain MCS/data rate would thus be employed in a pre-
determined SNR interval. The receiver just has to calculate the current SNR and to read the
appropriate MCS/data rate from a table in its local storage.

This is just one example how the receiver can derive a recommendation to give as
feedback to the sender. The TX power level can be determined in a similar way e.g. based on
PER, RSS or also SNR. The sender could just use the MCS and TX Power that the receiver
has recommended or could carry out an own estimation of the optimal MCS and TX Power

and just use the recommendation of the receiver as one input for taking its decision.
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25 throughput versus SNR would be the envelope of all curves in FIG 10, i.e.
the maximum of all curves at a given SNR. A certain MCS/data rate would
thus be employed in a pre- determinedéSNR interval. The receiver just has to
calculate the current SNR and to read the appropriate MCS/data rate from a
table in its local storage. This is just one example how the receiver can derive
a recomn?end tion to give as 30 feedback to the sender. The TX power level
caWrBé'?j%?érP iffed in a similar way e.g. based on PER, RSS or also SNR.
The sender could just use the MCS and TX Power that the receiver has
recommendetdoneatdtycRtingA aaovarstimataniairiespitnal MCS and
X P r ' . ndati fi v inpyt for
e A I e P et
selREEMY Sl ast R ARBHRpSIe KTt O IERNES $15PS %Eommunications
netiwiding iokuiding qolucalitfaolkaevieaspdrfclmding at least one receiving 5
deyige ansl b I6aRONE hreSERIERY HevicR oc PHsiRe NS RERRRORrEIMIFing
time into a sequence of at least one superframe; at the receiving device,
LG 1 AR A A B A BAEFERABALR comprising information
relersanifgnhiveskdecoridmtof Waeseme aned/or transmit power; transmitting the

beagennsHigipypeItamesmdaldas thedraasmitiiogexae.sRiecingrtaian
raffe ?&Qé‘géggﬂ{ﬁg‘\E%P%%?Pﬁ?gﬁr%ﬁﬁﬁ&ekﬂ@?” upon  the feedback from at

least one of the plurality of devices, er comprising the steps of: at the
reBEIRAEP YR R information in the beacon regarding the current,
past ok fetivinddenemitqhatiagieterstandh e @btberegoeingnoe devene past or
deiRiminingnR geseRrRendation for data rate and/or TX Power at least in part
basectareon the ing)rmat'on and wherein the b.eagons of devices_in a |
supeHFRTE"4Pd % 'c?&é%‘%f'm%“%? [P BHE BRI AT LAE AR DL at least
méthatbesed| aivihe inforaaon angivieretisbekefaethof doyingsrisesuneitanse ane of

fullre2fctentarkconpdsibgrariac@mmended level/choice of data rate an d/or
TX Power; incremental feedback comprising a recommended relative

change of the data rate and/or TX Power; state or quality of link feedback;

arfd NEMBEP G tEhhag Beistisgfbch iERT s mBER egdhaek™s 3. The
méthibebio tatairisiR) avbrereineitel shadischyiguiliaokiink faedbarinturther

CORRRAiRGRALedback comprising a recommended relative change of the data rate and/or TX
Power; state or quality of link feedback; and number of antennas or steering of antennas

beams feedback.

3. The method of claim 2, wherein the state or quality of link feedback further comprises at
least one of

« Signal to Noise Ratio (SNR);

« Received Signal Strength (RSS);

* Noise level (N);

 Packet Error Ratio;

« Bit Error Ratio;

* Path loss; and

 Any other characteristic of the quality of the channel or reception.
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least one of Signal to Noise Ratio (SNR); Received Signal Strength (RSS);
Noise level (N); 30 Packet Error Ratio; Bit Error Ratio; Path loss; and Any
other characteristic of the quality of thezchannel or reception. 17 4. The
method of claim 1, wherein said transmit parameters further comprise at least
one of TX power, data rate , modulation scheme, coding scheme, number of
antennas, Multjple. Input. Multiple Output (NIIMO) or beam steeri
it rhaine e R T T,
5 BXTPheandasdatofrardifatinaghensirasiid festbarknberplirinsas, dntiptsrept
of it peoonaiianiMems bedtR)efitgpheaseas. dpakhrneihacahptpine 5,

w?girrgm sﬁi@{ﬁeqta %:?ﬁ%%on is a Distributed Reservation Protocol 10

Information Element IE), which may also be used for reserving the
medium for a future transmission. 7. The method of claim 1, wherein said
feedbimcheibott ahdanittedvirerais egid fegbdrfcompriken a Edemenitof thenfemeton 15
8. EhéieRAHIQF RE Kaipn. 7. wherein said separate Information Element of the
beacon is selected from the group consisting of: Link Feedback Information
Element (LFIE) comprising feedback selected among said group of options;
205 Pesnestiod ateddimmfo rherdinrsaid el the Peaien) isa RipFisiiiesl fRasedyaner Erpieeahl

feedbackoneganain i eh Xvhemasy ARaie Genteeldaiormgaiionekilentert (REE)
ort;amh]@%:}ptation Information Element (LAIE) comprising feedback
regarding at least the data rate and/or modulation scheme and/or coding
scheme; 25 MIMO Information Element (NIIMOIE) Beamforming Information
Elermenth¢BBdB) ceimprigiergifaeid hadkank gatrdnagittee inantbaref @bbertitas or

SteRring: of ARiRARAS beams; and

8. The method of claim 7, wherein said separate Information Element of the beacon is
selected from the group consisting of:

« Link Feedback Information Element (LFIE) comprising feedback selected among said group
of options;

« Power Control Information Element (PCIE) comprising full or incremental feedback
regarding the TX Power;

« Rate Control Information Element (RCIE) or Link Adaptation Information Element (LAIE)
comprising feedback regarding at least the data rate and/or modulation scheme and/or coding
scheme;

¢ MIMO Information Element (NIIMOIE) Beamforming Information Element (BFIE)
comprising feedback regarding the number of antennas or steering of antennas beams; and

« a combination of the previous options.

9. The method of claim 1, wherein said information is transmitted as part of an existing

Information Element (IE) of the beacon.

10. The method of claim 9, wherein said existing IE of the beacon is a Distributed
Reservation Protocol Information Element (DRPIE) , which is also used for reserving the

medium for a future transmission .



10

15

20

25

30

a combination of the previous options. 9. The method of claim 1, wherein said
information is transmitted as part of an existing 30 Information Element (IE)
of the beacon. 10. The method of claims9 , wherein said existing IE of the
beacon is a Distributed Reservation Protocol Information Element (DRPIE) ,
which is also used for reserving the medium for a future transmission . 18
11. The method of claim 1, wherein said information is transmitted in a
separate Information Element of the beacon. 5 12. The method of claim 1,
whéréhs aatkotafelaintlovereipene ntnaaidiietaniégss engniiele Ivarmatien
ermeded @sneibezesnbination. 13. The method of claim 2, wherein said
incremental feedback is given as a bit combination, which indicates at least
whether 10 the data rate and/or TX Power should be increased; or the data
raté- dHE/BFTER B ERET SHEETE DR SXPaLaE T PRy RIEHOBES HaikPHiag their
indibat étbatethe biatanmbitetaund/or TX Power should not be changed. 15 14.
The method of claim 13, wherein said incremental feedback also includes by

tively h t t dlof TXP
B GBI & e o 5T B o s S B4 P SRETOPPr
povhEah airgicdtefi aldaph wielhe and their value is encoded as bit combination. 20

16.iHdwimnethod/of Tlaimwds wheseinisaidstaesiback in a beacon consists of
feeﬁl'lé’%% L 9111 /LM(? F%Q'Gw%g@ Jlag O(ge\%g is a receiver of data. 17. A

wireless device comprisin a transmitter for transmitting own device
beRB YA ARfIeRAl ﬂ&%@ﬂﬁ@t%ﬁ@ﬁp?ﬁéﬁa&ﬁm%‘rf (Ei?-fr??@Hi% Tdi8ked to the

salextgedh of data rate and/or transmit power; a receiver capable of
communication over a wireless medium; a processor; a Beacon Processing
Module; 30 a local s

h th figyred t i
e U ROy RN M
E lesanedite behave thaay theps dhe daigmatsfanaier Faté et hputdbesehingrswer;

15. The method of claim 4, wherein data rate and/or TX power are defined in steps and their

value is encoded as bit combination.

16. The method of claim 1, wherein said feedback in a beacon consists of feedback for all

links, on which the device is a receiver of data.

17. A wireless device comprising:

a transmitter for transmitting own device beacons and data including one or more Information
Elements related to the selection of data rate and/or transmit power;

a receiver capable of communication over a wireless medium;

a processor;

a Beacon Processing Module;

a local storage;

wherein the processor is configured to receive from the receiver a beacon frame including one
or more Information Elements related to the selection of data rate and/or transmit power;

and to select data rate and/or transmit power based at least in part upon the Information
Elements, and wherein the device detects beacon collisions by scanning beacon slots as well
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and to select data rate and/or transmit power based at least in part upon the
Information Elements, and wherein the device detects beacon collisions by
scanning beacon slots as well 19 as hy decoding a Beacon Period
Occupancy Information Element (BPOIE) in the beacons of other devices.
18. The wireless device of Claim 17, wherein the Beacon Processing Module
processes the 5 beacon. frame to determine at least on perty of another
R R B T T S AT 8 ER RS e P
1 pthehdsdiasthe processor uses an MCS and/or TX Power Selection and
Feedback Module to determine the appropriate MCS and TX power for a 10
coapl Rl e egRn R AL BB pUSIRIRAR PERgesaol P

operatively cou 10 Al Beaton Processing ured to
dl\l}’ﬁﬂ&oﬂ‘f@ﬁ’?éalﬁﬁﬁ%rfﬁ'f@ Y Eéﬂ&éﬁ&@@f%@ﬂé’é’é‘ﬂ%ﬁ@’%ﬁ'&ﬁ*ﬁfﬁ@%m Btidsd a

slettedebeaconing period and a data transfer period, to 15 process beacons
and data received respectively therein, and format and control own beacons

d lo be rgnymited y nerein; d
ARSI R SRR RO FoUDR ) CBFR ettt aha WAL of

be%!ﬁh@tﬁ@'rwQﬂdﬂN@%@@ﬁ@iﬁé’d%éﬁ@@W?@lﬁéwamj'l'tb pewpidetively
canttghdiaka rate and TX power during said data transfer period. 20

20. The wireless device of Claim 17, wherein the processor is operatively coupled to

- said Beacon Processing Module and configured to divide the medium into a sequence of at
least one superframe comprising a slotted beaconing period and a data transfer period, to
process beacons and data received respectively therein, and format and control own beacons
and own data to be transmitted respectively therein;

- said receiver and transmitter and configured to respectively control receipt and transmission
of beacons thereby during said slotted beaconing period and to respectively control data rate

and TX power during said data transfer period.



