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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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30  variation in the channel conditions can be due to interference from other devices in the same
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30 FIG. 1 illustrates an overall superframe layout;
FIG. 2 illustrates 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;
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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
25  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
30 MAS 103, rsp. beacon slots 104 but cannot be longer than a certain maximum length.
Beacon slots and MAS are separated by guard times to account for synchronization
inaccuracies and transmission delays.
The structure of the BP 101 is illustrated in Fig. 2. During a BP 101 all devices that

are either in an active state or in a standard power-save mode transmit their own beacon 201



FIG 10 illustrates an exanple of the relationship
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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 devi ces may not be able to
decode the two colliding beacons. Devices detect beacon collisions by scanning beacon slots
30  as well as by decoding the Beacon Period Occupancy Information Element (BPOIE) in the
beacons of other devices. The BPOIE is an IE that every device includes in its beacon and
which indicates the occupancy of the beacon slots in the BP 101 along with the Device
Identifiers (DEVID) of the devices that occupy the respective beacon slots 104. A device
detects a beacon collision if a DEVID different from its own DEVID is received in a BPOIE
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rsp. start their backoff at the beginning of a MAS 103. Furthermore, devices have to respect
30  DRP reservations, which means that devices can only access MAS 103 with PCA that have
not been reserved by DRP.

Methods, systems and apparatuses for dynamic MCS selection (also called “Link

Adaptation”) and Power Control include an efficient signalling mechanism. Receivers of a
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30 Table 1 — Types of Reservations
001 Hard Reservation
010 Soft Reservation
011 Private Reservation
100-111 Reserved
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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

20  sender. The TX Power Level could be encoded in a similar way than the data rate as an 8 bit
combination. In the beacon, rsp. DRPIE of the sender the TX Power Level field 605 may be

set to the actually used power in the respective superframe for the respective DRP, rsp.

Receiver.
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Power qould be al ways |ncluded in a DRP
recommen sible

DE "G? cou%gmmagng)e optional . The latter ht require
t hat t hleijathiyd egbodimgn the WEPHndlies lmpatIOEresgdleﬁé q el state at
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ZOSh%ngnalisgenE!hcéRgﬁ,/ glanalatg %o?s,@/RZt% (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

25  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



are only illustrative. A different way of including
the RATE and TX Power Level recommendations is also
w@omsiold2e2 I n a third enbodi ment the DRPIE i ncPOmeEER005/053424
informati on regardi ng the dbhannel state at the
receiver. This channel state information may e.g. be
chosen out of the set of Received Signhal Strength
(RSS), Signal to Noise Ratio (SNR) and Packet Error
Ratio (PER). No additional figure to FIGs 6 and 7 is
i ncluded here, as the inclusion of the channel st ate
information in the DRPIE woul d be carried out in
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The order of the fields could also be different or fields coul d be removed or additional
30 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.



case of the sender LFIE. The RATE field 805 includes
the recommended data rate, rsp. MCS to be used by the
waeondoni2zaThe RATE field could e.g. be encoded pST/HEi200#053424

in Table 2. In the beacon, 1#sp. LFIE of the sender the
RATE field 805 nay be set to the actually used data
rate in the respective superfrane for the respective
stream rsp. receiver. The UP/ Stream ndex field 806
indicates the user priority (especially for PCA) or
streamindex (especially for DRP) of the stream f or
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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
30  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



LFI E does not include RATE and TX Power but channel
state information. This channel state information nay
we2@s/0i24zhosen out of the set of Received Sigpel/1B2005/053424
Strength (RSS), Signal to Mdise Ratio (SNR), Noise
Level (N) and Packet Error Ratio (PER). No additi onal
figure to FIG 8 and 9 is included here, as RSS, SNR,
N or PER fields would sinply replace the RATE and TX
Power fields (with different field |l engths) in the
LFI E. An advantage of giving feedback in form of
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This is just one example how the receiver can derive a recommendation to give as

oise Ratio

30  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.



the nunber of retransm ssions. This is illustrated in

FIG 10 for the exanple of a Wreless Local Area
wedaosoiiesf W.AN) according to the standard | EEEP@DEB20A5053424

A simlar figure could be derived for an UWB physica

| ayer. FIG 10 shows that the data throughput is a

function of the Signal to Noise Ratio (SNR), which is

mat hematically designated as E av/NO in FIG 10. In

| EEE 802.11a there are 8 different MCS with data rates

of 6, 9, 12, 18, 24, 36, 48 and 54 Miit/s

respectlvely The h| her the data rate_ that
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23 cedBa sqfﬁ% apelr)e&b'ef htgls dFenﬂfﬂéhﬁt It]h[ed)&eéeﬁb ﬁ]{/en iQn h nalted to he
I eparnBrandsedivans distiatd 43 shedest mode eontcanplatedfir Guryingduethe prepent
d agn@enﬁé}ln blﬁ Qna! tgaggsgnt Iﬂﬁenﬁlﬁl 1h<§tMe§/ alll eﬁr@&ﬁi‘ﬁ@nk tfﬁlglg \Mlttl Ifhe Qcope of

certal n’ MCS. strategy that nmaxi m zes the throughput
\AodFGPPE)‘?Qe"t“&‘"?v\Atch the MCS/data rate at the
i ntersection points of two neighboring MCS, i.e. at

certain SNR | evels. The resulting throughput versus
SNR woul d be the envel ope of all curves in FIG 10,
i.e. the maximumof all curves at a given SNR A
certain MCS/data rate would thus be enployed in a pre
determined SNR interval. The receiver just has to
calculate the current SNR and to read the appropriate
MCS/ data rate froma table in its |local storage. This
is just one exanple how the receiver can derive a
recommendation to give as feedback to the sender. The
TX power |evel can be determned in a simlar 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
recommendati on of the receiver as one input for taking
its decision. Wile the exanples of the present

i nvention have been illustrated and described, it wll
be understood by those skilled in the art that the
managenent franme, device architecture and nethods as
descri bed herein are illustrative and vari ous changes
and nodificati ons may be made and equi val ents may be
substituted for elenents thereof w thout departing
fromthe true scope of the present invention. In

addi tion, many nodifications nay be nade to adapt



the teachings of the present invention to a particul ar

situation w thout departing fromits central scope.
wab@ceixme, it is intended that the present i nRENMB2005/053424

not be limted to the partilgul ar enbodi nents di scl osed

as the best node contenplated for carrying out the

present invention, but that the present invention

i ncludes all enbodinments falling with the scope of the

appended clains. What is clainmed is: 1. A nethod of

dynam cally selecting a data rate and/or transmt (TX)

power lsn‘alm({[:lorrrmn| cations network including a

pIura f devi ces, conprising the steps of:

di vi di ng ti rfemgthet d(hn@@qlb@nle@n&ﬁ daatratd e/t traganst (TX) power in

S upebhhaiRtiond ﬂéﬁv’oﬂ{%cmgng aepﬁﬁﬁl@cblﬁ dévﬁesa:omﬁﬁﬁ?me stecpgl)id
f eedbq? A(n GQIRLIsing | tq gat on el at

sel ect1off Of "0at sl Fst @ “aKd LA FEREm t powver :

3%t r ansipdluding rigduatkein sekeacom Sﬁlrl\ fechfacks eoperising sinfermation delated to the

s elsaetionvg ddittidandel thnB@owd; transmt power based at

Ieast he f edback from at | east one of
t he p ahslrrr]mf?r%theb6£ ndnﬁ'esu%er % e met hod of claim 1,

wher éPlPFU%‘iaa rfiead braEpemitppvdn bgseded lipt in esupar thé fealbick Goe at

of leadt tielof heg@aHamcds aseegpri si ng a recomended
10l evel /choice of data rate an d/or TX Power;

increnental feedback conprising a recomended rel ative
change f t e raedoficking 1 avhertip paidiredmgkirther eomatises @ fleast one
quat: Ifltllyfeﬁlf)ack ictthprified RaGkaien@t QEVEIMHGQ@ lof Q:ita ARt 800A8X Q’Bwer

st %@J‘e}ng}ﬁi] {%Ldb%ﬂtc&ﬁb%ﬂf?g Pr%c%mrsnegdgc? Q’CIV cl%ange o]£ -Lf ﬁﬁ:ggﬁtcglédzﬁé A8k

claim 2, wherein e or

f uFPHFErSatesgpaliy et lin feFdé%t ang jpam f fof an@imgsnen stepting NG jassennas
I5Rabsams &Mk, Received Signal Strength (RSS); Noise

l evel (N); Packet Error Ratio; Bit Error Ratio;

Path |l gss; and Any other characteristic of the

qual i 1y of TREERLFTTEIm BrhHet s erbr, dulty sk fretohs b
cl edmprisks atfeast beef conpri sing the steps of:
* Signal to Noise Ratio (SNR);
20 * Received Signal Strength (RSS);
¢ Noise level (N);
e Packet Error Ratio;
e Bit Error Ratio;
e Path loss; and

25 * Any other characteristic of the quality of the channel or reception.

4, The method of claim 1, further comfarising the steps of:
* including information in the beacon regarding the current, past or future
transmit parameters; and
30 ¢ determining a recommendation for data rate and/or TX Power at least in part

based on the information.

5. The method of claim 4, wherein said transmit parameters further comprise at

least one of: TX power, data rate, modulation scheme, coding scheme, number of



including information in the beacon regarding the

current, past or future transmt paraneters; and
waledos/omizmt ng a recommendati on for data rate anedDIB200§/053424

Power at |east in part basd8l on the information. 5.

The nmethod of claim4, wherein said transm t

paraneters further conprise at |east one of: TX power,

data rate, nodul ati on scheme, codi ng schenme, nunber

of antennas, Multiple Input Miltiple Qutput (MM or

beam st eering paraneters, a parameter characterizing

the current/past/futur nsm Ssi 6. The met hod of
claim 4?nte\ﬂﬁ‘é? ']‘ltﬁ’kt put W@g‘g%g) tp&tf(ﬁdilgg ?{etganil ffesging parameters, a

super f r pammegr dargntepigipette qumdntipasitfutireizmsmigion Beacon Peri od
(BP). 7. The nethod of cI aim 1 wherein said feedback
conprises a.co formati.qn. El enment

of The foacdl PR Ehgefdt B BETA Fiup aivieng

e xi&aupad dntd #Eleesf one Beactyehariad iBR).s a Di stributed Reservation
Protocol Information El enent (DRPDE) vvhi ch rray al so
be used for

transm &si on ﬂles%(’? OPga“me‘Nhgg IIEIIfS 'H(ﬂr aCkfomp\%eélaécf“H’O%eg o an
f edefbragtion Elsment ERxafibe beaggni n a separ ate | nf or mati on
El enent of the beacon. 10. The net hod of cl ai m 9,

et 1 21 Gy SRRLFLE Al PIRLLORGELERS: B ul B
FedUtyihekd Reserentipmlrriae! IEfoapntion E @EWI(E?PIEb pieh @?yn’{,fo be used for
f eedhankihsddaat ad ai@RgsSEaiosl group of options; Power
Control Information Elenent (PCIE) conprising full or
i ncrenental feedback regarding the TX Power; Rate
Cont r ol *1 nf 3PPt Eriente tergiReideyedbrek s (RS 5t Ttchese
14 nf or mamfoouwutiéd Bdiehtof hé vhdm). conpri si ng f eedback
regarding at | east the data rate and/or nodul ati on
schenme and/ or codi % schenme; = M3MD I nformation El enent

(M MOl BY- Bedfit BrPRG cleif Hrfiusin st Epatiliforyatio Ryment of the
C olvpacenss salgetdddfienibigzaioup @gamiakiotg t he nunber of antennas

or steeripg LQJ{ F@J&Ea%fg ﬂ@&mgﬁﬁ'ﬁﬁme&%m) comprising feedback selected
20 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
25 modulation scheme and/or coding scheme;
e  MIMO Information Element (MIMOIE) Beamforming Information Element
(BFIE) comprising feedback regarding the number of antennas or steering of
antennas beams; and
¢ acombination of the previous options.
30
11. The method of claim 4, wherein said information is transmitted as part of an

existing Information Element (IE) of the beacon.



a conbi nation of the previous options. 11. The nethod

of claim4, wherein said information is transmtted as
wW@a00b/0ef248n exi sting Information El ement (1 E) BET/ABRE05/053424

beacon. 12. The met hod of cli&i m 11, wherein said

existing IE of the beacon is a D stributed Reservation

Protocol Information Elenent (DRPIE), which is also

used for reserving the nmediumfor a future

transm ssion. 13. The nethod of claim4, wherein said

information is transrritted in a separate I nf ormati on

El ement | of e tEadc??tnl 1 E od of claim1,

wher ei n'%dat d°F FFEOLHGTEP Fxv eé%Fa‘ Pestipgel fiele ibRcat isps

anditfbeted Resafvadion iPeptasel clofiedtiasElbpent GWRPE) Naltichois . alsd Bised Tibre

metri@tingthe BdaRinMrd fub@h&hiRiosal d i ncremental feedback

is given as a bit conbination, which indicates at

| east whether the data rate and/or TX Power shoul d be
J ncreasBd; dhe matheg ofkdein 4.rveberein saidlinformafiod iPoaneitted iroadeghrape

decr easm@maasEiemehnoRbdpnal 1y al so indicates that

the data rate and/or TX Power shoul d not be changed.

16. The method of claim 15, wherein said increnental

f eedback- al 3t mekod gHlelgmply whemin detaohte andéos B8 b wey eteydefinedvin

A Rps ShdRG vallid 1€end@b das bibombasidd.Oor TX Power shoul d be

wchanged. 17. The nethod of claim5, wherein data rate

and/or TX power are defined in steps and their val ue

| s encoded &% mithod elskin Aatticwsin.said Berempiel fredbavl &b sfen el ahiitm

1, cmamm}&ahrdlcitaadweﬁl@ a beacon consists of

feedback fo the device is a

[ ecei ver Iof [h(ejgta rate r@%r%gow%%u%]?dgg ncre'cﬁ%d ?{et wor k

i ncl udi ng® athpﬁ%ﬁraPW/yrB’FP@@\ﬁh@é’éDCMGaspcél n the network
151 S adapheahitiopidnalyi a6 indicdid HHIRCta kS H6/6BEN PR BRITBIMY:

“@an nd at | east one device of the plurality of

devi ces deternine an appropriate data rate and/or TX

power for a certain link based at least in part on the

\IME 206. A W\hefn&kheds&' claﬁﬂl Vﬂ)ﬁ'ﬂ{ereﬁﬁsalﬂ @iGreh &1 FekbSk AlsdMokRes by

I C

de\%l;“glglgh tr%}%ﬁ:%el?é Y nany o 3);8 (it 42 Xta G ancjé %%llg er s B\ulg Le c]qunéegs
Xdevi ce conprising: a transni tter for transmtting own

devi ce 1BeactrSnesindl ofdddir 5, wherein data rate and/or TX power are defined in

steps and their value is encoded as bit combination.

18. The method of claim 1, wherein said feedback in a beacon consists of

25  feedback for all links, on which the device is a receiver of data.

19. A communications network including a plurality of devices wherein the
network is adapted to provide a feedback information element (IE), and at least one device of
the plurality of devices determine an appropriate data rate and/or TX power for a certain link

30  based at least in part on the IE.

20. A wireless network as recited in claim 19, wherein the plurality of devices

include wireless devices, or wireless systems, or both.



a receiver capable of comuni cation over a wreless
medi um a processor; a Beacon Processing Mdule; a

wo cwalo4RuDr age; wherein the processor is confi BOT/E&R003053424
receive fromthe receiver aobeacon frane including one
or nore Information El enents. 22. The w rel ess device
of Caim2l, wherein the Beacon Processi ng Mdul e
processes the beacon frane to determ ne at |east one
property of another device and store themin the | ocal
storage. 23. The wirel ess device of Claim2l, wherein
the processor uses an MCS and/ or TX Power SeI ection
and Feédback iptdesics SMpSI&r i ne t he appr opriate MCS
and TX auawkiited fattra@me bad devicé ekeons24d datkthe wi r el ess
deVI ce aqgc %I‘ &pme%}' m%ﬁgaﬁeﬁvsrg%lrggsyrngcﬁmget eCt S a
beacon ['Tsrons %y scanni ng beacon sl ots as well as
by decc?d’ifqﬁiijsofahe Beacon Peri od Cccupancy | nformtion
sEl ementa B8RO E}ssingiMbdue; beacons of ot her devices. 25.
The wi rgless. evi ce of Claim2l1l, wherein the processor
IS operatlveT “coupled to said Be con Processi ng
Modul e ain RFqCEs dycorBeuE P FaT e HE By el APEEy fame
S e gdiedienodr mate If@asion Blaeengsuper f rame conpri sing a
sl otted beaconing period and a data transfer peri od,
to process beacons and data rece |ve res

10t her ei rt% alf8 8PSV St %‘B‘thr‘ol” Skh® 6@5‘8@% m%fﬁséf“ gyMOdule
dap@acesses thebdagoarfisnd btdetemine spiat preairopertyrpd pesihar, desigg %jld store
r egeh ke 188dioktansm tter and configured to
respectively control receipt and transm ssion of
beacons thereby during said slotted beaconing period
and t o Bespdb¢ wivtshsydeGaf Coim A avhgreindieroagsedr T 39 HeSrand/or

15dURk PGy S Bicktichah 8rdedbadR Ml Raktkr@he the appropriate MCS and TX power

for a certain link.

24. The wireless device of Claim 21, wherein the device detects a beacon collisions
by scanning beacon slots as well as by decoding the Beacon Period Occupancy Information

20  Element (BPOIE) in the beacons of other devices.

25. The wireless device of Claim 21, wherein the processor is operatively
coupled to
- said Beacon Processing Module and configured to divide the medium into a sequence
25  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

30  control data rate and TX power during said data transfer period .



