A Met hod, A Device and A Conmputer Program Product for Determ ning a
Data Transm ssion Characteristic 5. The present application clains

t he benef i t WOf20091188394i t ed St at es provi si onal appli cati onP@GiEEMHOs/@8483
(filed on 8 January 2008), the entire contents of which are

i ncorporated herein by reference for all purposes. 10Technical Field
Enbodi ments relate to the field of conmunication systens, such as

W rel ess communi cation systens, for exanple. By way of exanple,
enbodi ments relate to a nethod of determ ning a data transm ssion
characteristic. In particular, the present 15invention relates to

W Medi a di stri bytgd MM BRI 8LQS I e rsiong of

| EEE 802. 11 MAC. | EEE 802. 15 38%/1@“1 ﬁé@“@%ﬁ%ﬁﬁy%%%%ﬁ% ZoRer
rel evant MAC prot oggl s Bagkor.o 2 £ r sion of the
W Medi a st andard, t%e exi SMMHE Hg%ﬁl ?%%é%acigﬁnc%%fégngﬁff%ﬁ%cfor
feedback fromreceiver to transmtter only every spperfrane (65 ns).

In nore detail, the current feedback nmechani sm all ows the receiver
t 0- sugges , i ssi.on. trate and the differential .increase or
oo o90e tnt Ees dAIS Reptial e Loy ) (56488nSTIT of tne'United Staces

provisional application 61/013,681 (filed on 8 January 2008),

the entire contents of which are incorporated herein by

gi reference for all purposes.
10 Technical Field
Embcdiments relate to the field of communication systems, such
as wireless communication systems, for example. By way of
example, embodiments relate to a method of determining a data
transmission characteristic. In particular, the present
15 invention relates to WiMedia distributed MAC protocol as well as
the future versions of IEEE 802.11 MAC, IEEE 802.15.3 MAC, IEEE
%1 302.15.4 MAC and any other relevant MAC protocols.

Background

20 In the current version of tﬁe WiMedia standard, the existing -
link feedback mechanism alleows for feedback from receiver to
transmitter only every superframe (65 ms). In more detail, the
current feedback mechanism allows the receiver to.suggest the

transmission rate and the differential increase or decrease of



transmt power. However, it should be noted that the coherence tine
of channels can be nmuch |l ess than 65 ns. Hence, there is a need for a
f eedback sWO20e844883Mat al l ows for 5 nore frequent |ink FEEHPAAN00483
between a transmitter and a receiver. Mreover, typically power
control and rate control algorithnms are preferred to be inplenented
at the transmitter side. The receiver typically does not have the
know edge of the transmt power. Hence, it is preferable to inplenent
power 10tgentmtt mdwgor. tiwmevat, the dhcansnbet ested hefsa ahe seNer&lce
rate and power control algorithms that have been proposed in the

literatutemésee ¢rdmidl]s) chhabe cauciba sisgpkraENEBhat the transmtter
side. 15 The coherence tine for UAMB channels can be | ow (<<65ms)
especially under nobile environnments. The current W Media MAC al | ows
for |ink-feedback mechani sm every Superfranme (-65nms). The current

f eedbackyapebpnisdnalilows nkbe &€l VRedbackUggESted N nataRSIbAST QY
rate and the differential increase or decrease of 20 transmt power.

However , mardi fike iafiback xmeebawd smddhakenan @ﬁé@gmt&eqh@ﬁaebs Wi th
| ow coherence tinme (<<65 ns) is desirable.

2009/ 088§@é§§é§%&%‘§48§¥ﬁé&ﬂ%o&@ét c@ﬁ%fﬁl&? dde ﬂa%' @HRE‘I-@I S

the flexibility to incorporate the rate and power control at the

transm t Legosi dend 9 $0e988HEANS neSlifiph Shenfed heEnLRSEHs A L8] N

reserved bits in
(’“ side. The receiver typically does not have the knowledge of the

transmit power. Hence, it is preferable to implement power

10 control algorithms at the transmitter. There are several rate
and power control algorithms that have been proposed in the
literature (see [5]-[8]) that can be implemented at the

transmitter side.

15 The coherence time for UWB channels can be low (<<65ms)
especially under mobile environments. The current WiMedia MAC
g | allows for link feedback mechanism every Superframe (~65ms). The
current feedback mechanism allows the receiver to suggest the
. transmission rate and the differential increase or decrease of

20 transmit power.

However, a link feedback mechanism that can cater to channels

with low coherence time (<<65 ms) is desirable.



Acknow edgenent (B-ACK) frames [2] is suggested. The B-ACK frane
acknow edges correct or incorrect receipt of the previous sequence of
frames and WPAI9GE&E6H nf or mati on for the transmni ssion of ROWSGRENE000483
sequence of frames. However, it should be noted that 10 a transmtter
may send franes using No- Acknow edgenment (No ACK) policy. Even if
acknow edgnment franmes are sent, the frequency with which

acknowl edgenent frames nmay be sent to the transmitter may vary

(i ndependanscivémd hehatohelengetité Bnpdferkhee eharinel j1eMyiaawer roi t 1S
desirable to have rate and power control at the 15 transmtter

(transmt ipovesortaknosnrapkyard gdied consabl ter @iy tyevemakteat & @nd
power control algorithns that can be inplenented at the transmtter
have beenipropesettdinabhe.literature; see [5]-[8]). 20l n enbodi nents
of the present invention, solutions are given for |ink feedback by
usi ng command/ control franes between two W Medi a (ECVA specification
[1] is based on the WMedia standard [2]) specified devices. The

sol utisonsigatef, to JcpamehsRsed &ph%ri%gcgegém Whad iamiBexmuch |ess
than 65 ns) and sonme of WD 2009/ 088364PCT/ SG2008/ 000483 t hem al | ow

for poweragody daRRdnkal8-£00t rdlardQ @@}iﬂé:oétﬂﬂf@ét‘:e%.atrhtEhS—ACK frame

transmtter node. Sunmary 5 A nethod for determning a data

transm ssiom ShalReleebtl ey WMENRId dataraid 4 ansidt gdel gL | east
one superfrane, wherein each superfrane is configured to transmt a

ural i tysof Jd @RS, rirgnPk Oé’xilc?%ovti@%sn?ﬁf]&qné:&rm{ 18] NGheSERML 00 s din

he superfranme, a plurality of "data transm ssion characteristic

request npssages @ 19qBehLel Y & Q5. M 8ONESLI NG daka, b HaRa M S8l hat

characteristic

10 a transmitter may send frames using No- Acknowledgement (No ACK}
policy. Even if acknowledgment frames are sent, the frequency
with which acknowledgement frames may be sent to the fransmitter
may vary [(independent of the coherence time of the channel).
Moreover, it is desirable to have rate and power control at the

15 transmitter (transmit power is known only at the transmitter and
several rate and power control algorithms that can be

O implemented at the transmitter have been proposed in ‘the

literature; see [5]1-[8]}.

20 In embodiments of the present invention, solutions are given for
link feedback by ﬁsing command/control frames between two
WiMedia (ECMA specification [1] is based on the WiMedia standard
[2]).5pecified devices. The solutions cater to low channel

coherence times (that can be much less than 65 ms) and some of



information fromthe receiver, wherein the data transni ssion
characteristic request nessages are conmmand/ control nessages;

recei vi ng, MOR004B8¥dperframe, a plurality of data transHEEFAgpp/000433
characteristic response nmessages including data transm ssion 15
characteristic information fromthe receiver in response to the data
transm ssion characteristic request nmessages wherein the data
transm ssion characteristic response nessages are command/ contr ol

nessagesihdft 101 g dovem Ebe: 5t anldr 28881 66hOb X hay aet ehtstperated
informati on, at | east one data transm ssion 20characteristic. Brief

Descri pt iz@ntpé thedN@WeRgsodd e drawi ngs are not necessarily to
scal e, - enphasi s instead generally being placed upon illustrating the

principles of WO 2009/ 088364PCT/ SG2008/ 000483 vari ous enbodi nents.
In the follow ng description, various enbodi nents are described with
reference to the follow ng draw ng&sﬁhﬁag@ ch: FIG 1 shows the
structure of a superfrane; 5:FIG 27Shows the illustration of a

ConnqpiCﬁth@@hé&sfé¥ndetermining a data transmission characteristic,
wherein data are transmitted in at least one superframe, wherein
each superframe is configured to transmit a plurality of frames,

(”” is provided, the method comprising: sending, in the superframe, a
plurality of data transmission characteristic request messages to

10 a receiver for requesting data transmission characteristic
information from the receiver, wherein the data transmission
characteristic request messages are command/control messages;
receiving, in the superframe, a plurality of data transmission
characteristic response messages includinq data transmission

15 characteristic information from the receiver in response to the
data transmission characteristic request messages wherein the

Q' ' data transmission characperistic rYesponse messages are
command/control messages; determining, from the data transmission
characteristic information, at least one data transmission

20 characteristic.

Brief Description of the Drawings

The drawings are not necessarily to scale, emphasis instead

generally being placed upon illustrating the principles of



FIG 3 shows acommand/ control frane payl oad according to one

enbodi ment; FIG 4 shows acomrand/control franme payl oad according to
L one enbod¥aedwi088e4 FI G 5 shows aconmand/ control frameqrad0edo0483
according to one enbodinent; FIG 6 shows aconmand/ control frame
payl oad according to one enbodinent; FIG 7 shows aconmand/ contr ol
frame payl oad according to 150ne enbodi nent; FIG 8

Il lustrates command/ control frame payload fornmats according to one

enbodi meny;r 80k embodimeht S Hh SRS A16QINY ISR QR 1dBY I ¢graeeor di ng
to one enbodi nent.
embodiments are described with reference to the following
drawings, in which:
FIG. 1 shows the structure of a superframe;
5 FIG. 2 shows the illustration of a communication system;
FIG. 3 shows a command/control frame payload according to

one embodiment;

FIG. 4 shows a command/control frame payload according to

T

one embodimen%;
10 rIG. 5 shows a command/control frame paylcad according te

one embodiment;
FIG. 6 shows a command/control frame payload according to

one embodiment;
FIG. 7 shows a command/control frame payload according to

15 one embodiment;
FIG. B illustrates command/control frame payload formats

according to one embodiment; and

P

FIG. 9 shows a communication device according to one
embodiment.
201

Description

As background information, under the ECMA standard, frame is
defined as unit of data transmitted by a dévice, and a superframe

is defined as periodic time interval used in the ECMA standard to



201 Description As background information, under the ECVA standard,
frame is defined as unit of data transmtted by a device, and a
super f r ameWO200R48834d as periodic tine interval used i nPETHIGABENAR0483
standard to WD 2009/ 088364PCT/ SG2008/ 000483 coordi nate frane
transm ssi ons between devices, and is the basic timng structure for
frame transm ssions. A superfranme is conposed of 256 Medi um Access
Slots (MASs), and a superfrane includes a Beacon Period (BP) foll owed

by a dat acpesifgke ArBihed teaAPRi S€Sorks MeFReenOfle PRAGON a9ld0t S, tREbAsic
beacon can be transmtted within a beacon slot. A MAS duration is of

256 ps ardmangUpPeridaime ddratiofe | S-AReUEs06n85. A BRAAIT Rk 9 (BP)
may be defined as a period of tinme declared by a device during which

it sendscefipbbsdeds Iy MagaGRNScALLOIAING YRatE, Eﬁ’l%astsﬁﬁe@wam@nd
10 the term beacon may refer to information regarding such as the

reservat QB Qfied | M QS pkPibhe i than odabianpes i ks ERGAgUPErEs ame
starts with a BP, which extends over one or nore conti guous Medi um

Access Skeﬁgzié@@% nutekCor lbdd d4Stak8S LhE Dasdfecil rclégqt yee of
superfranme 110 according to the ECVA standard. The superframe 110

cont ai nstggggﬂfx‘g@e&%ﬂtﬁqnlglbégéérpvﬁ%tp.yAalé%@L@ugae{J.io%d i%O%Z YhEr &l ing

frane is Ined as unit of data transmtt evi ce.

SUperfrageshﬁefﬁﬂﬂﬁ§%@I%Eig§6igﬁﬁﬁnﬁp%ﬁ %9. 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
10 the terxrm beacon may refer to information regarding such as the
reservation of time slots in the further data period. Each

superframe starts with a BPF, which extends over one or more

contiguous Medium Access Slots (MASs).

15 FIG. 1 illustrates the kasic structure of superframe 110

according to the ECMA standard. The superframe 110 contains a
(i beacon period 101 foilowed by a data period 102, wherein frame is

defined as unit of data transmitted by a device. A superframe is
composed of 256 MASs 103.

20 | -
FIG. 2 shows an illustration of a communication system 200
including communication dévices A to H (211-218). In one
embodiment, the communication sysfem may be an ad-hoc

communication group (beacon group) 200 including ad-hoc



FIG 2 shows an illustration of a comunication system 200 i ncl udi ng
communi cation devices Ato H (211-218). In one enbodi nent, the
communi cat YA 24WBA4 nay be an ad- hoc communi cati on gr oRST(IHBHN0483
group) 200 including ad-hoc WD 2009/ 088364PCT/ SG2008/ 000483

conmuni cation devices Ato H (211 -218), wherein all the devices Ato
H (211-218) work in a particular frequency channel. An ad-hoc radio
communi cation group generally consists of a plurality of ad-hoc radio

comuni catimdewees, aMpeE&d  the pCoEMUNL £ )i ONR3EBAYA | Nesk. daMiices

is self-organized. The plurality of devices are able to discover each

other within, g r@ngexie) f LM LHL CRTPUDLCALF O .QURy BRSnNET Nidy the
communi cation group, they can commini cate with each other w thout the

need of ral T f -
coni nat [ SE Fe o CORRERleatf WTolh FEMEIOY, UGS TBY LS fIdded

may . be usgg afanugf%: %ggioté&ﬂzﬁm&%it?@n d8¢; Loy M 8qy i”gﬁeggy U¥eation

refer to a pre cont1 nuous Trequency range, e use

for signal, ’%%@sésgg{?%?fé)rié Ls'eeliglé%éﬂ'zecﬂ rﬁeteﬁ'al'%ﬂgﬁ{’ eégpéegﬁ%ggs

t he transnlséfon ran devi meani ng evi

able to transm,t ta. ther. co nicati.on devi hat_are .l ocated
ar o e 9 Bl S e FOBTHOL PR LR SO 653 0%k TldS
able to tran%%kgaggga toggevice wétg%l, C 213, D.214. E 2151i aQ H
218. Si mi TRV G e et e FabP el ety TR YYSASAPE P DA R andEYof
device C 213, neani.ng, t hat _.device .S abl.e 20to transmt data to

St her corini- oA RBACHLY Th Grsr RFRST tnpim® the heBdbl £%&d:

control. The term frequency channel may refer to a combination

10 of one or more frequency bands, and such a combination may be
used for signal transmission. The term frequency kand may refer
to a predefined continuous fregquency range, which may be used for
signal transmission. For illustration, circle line 201 represents
the transmission range of device B 212,.meaning that device B is |

15 able to transmit data to other communication devices that are
located within the c¢ircle line 201. In this illustration, device

&U_ B 212 is able to transmit data to devices A 211, C 213, D 214, E

215, and H 218. Similarly, circle line 202 represents the ‘
transmission range of device C 213, meaning that device C is able

200 to transmit data to other communication devices that are located
within the circle line 202, and circle line 203 represénts the
transmission range of device D 214, meaning that device D is able
to transmit data to other communication devices that are located

within the circle line 203. In the ad hoc communication group,



within the circle line 202, and circle Iine 203 represents the
transm ssi on range of device D 214, neaning that device Dis able to
transmt dSBR2PYEEEH4er cormuni cati on devices that are | BEHPEHORAPEEn
the circle line 203. In the ad hoc conmunication group, WO

2009/ 088364PCT/ SG2008/ 000483 any two communi cation devi ces may
communi cate with each other without a central control and may
exchange information or data with each other. 5In another scenari o,

the commupi.CalboRosNSt &R 200 ARY: bay e cRRhlAkcs0dtyaln eh expapl e,
node B 212 as a Pico Net Coordinator (PNC) (see [4]). In this

scenari 04 ;iaR%¥udeyi e&n{Slch AL rdeVit® 2 bkenimdd 3infd ddbich 4454a@nd
H 218) that enters the transm ssion range of PNC B 212 may need to

comuni cgienWht Bt BendO PNC B 212 to request information about the
conmuni cation channel or to establish a comunication with another
communi cation device within the transm ssion range 201 of PNC B 212.
The PNC B 212 nmay send informati on about other communi cation devices

to eagh ﬁg‘s’%ﬁﬁfﬁ@t%@&{ﬁ%,t tﬂﬁepg&ruﬁlrﬁ_%;}gogr aDSOLESi A ﬂa@”%ﬁyg'@

ot her wo In thi s enbodi nent, an evices that w's

connunic%%gtﬁgihcg d?tgﬁ% ?ﬁgg%iéhfd#ay:BC??%F955$T§%égiﬁ%ta central

control, such as a entrol con p the two

devices Lootransiml pkyraGelVe,|fe PS3ages auong, the W exi ¢esen

and establ'rsh~conmunicat’i on evi ces’

mhodi oL, JEYSLY gleyioe b bhe, oI oaL] o 3V SR 240 TR DE . che

guipped%ﬂ ransmtter.ahd a receiver! I'n one e

communi cato0pded] oo Shown denofh Gy 2, S60da’ 0L OLIBLLA 0L S48 e

evice or a
20094988%§épgjé?EZQQQ&QR%%%Binformation about the commuenication channel

or to establish a communication with another communication device
within the transmission range 201 of PNC B 212. The PNC B 212 may
send information about other communication devices to each device
that enters the PNC B 212's transmission range. In other words,

15 in this embodiment, any two devices that wish to communicate with
each other need to first communicate with a central contreol, such

iu as a PNC, and the centrol control will help the two devices to

transmit and receive the messagé§ among the two devices and
establish communication between the two devices.

20
In one embodiment, every device of the communication system 200
may be equipped with a transmitter énd a receiver. In cne
embadiment, a communication device shown in FIG. 2 may send

information or data or message to either another device or a PNC



by a transmitter. In one enbodi nent, a comunicati on device shown in
FIG 2 may receive information or data or nessage from either another
devi ce or AVORO§E3IM recei ver. 5; The protocol s and f aciHOT¥9G2808@hodBhe
W Medi a Standard are supported by the exchange of information between
devices. For each type of information, an Information Elenment (l1E) is
defined. IEs can be included by a device in its beacon at any tine
and may optionally be requested or provided using the conmand franes.

| Es 10* i b o)
§QH%% gﬁgtég ﬁgqg&!%?Srnatlon Aé%%?%ﬂlzg@xoﬁ HYEVece shown

certain contro managenent I'ng to the current
W Medi a .d12 I-an L%Qé(l\ﬁgeiq%%akg off OO A 1S, I 91%@@5?8”:?:9&? td&her
reconnen ange t e data rate transmt powe

reconnen@ggﬂﬁ%?ﬁggggbglg t qﬁﬁ%%ﬁkfo eQQf $é_nore sour ce deylces. A

device may | rni beacon to provide
feedback on a link with a specific neighbor. 20. A recipient device
may use the Link Feedback IE to suggest t he opti nal data rate to be

used anSourc device, . f X hro ut and/ or
to re uce I}%éar 129 Y%r&r‘%cri ]_pa fi ﬁ% 8£t§f‘% gféfe%sﬁ ﬁéaﬁ F%reedback | E
shoul d be inter re ed as th naxi ta rate t t he ;source deV|ce
shoul d USTHESE B z%ftf%@@s%ﬁ Aetatiasrons 8’§eBa??Y3c%?5a~r o

for an acce abIe frane error, rate. source dﬁVIce i S_not %ylred

to fOIIOVF% ﬁgéoﬁﬁf&ﬁﬁﬁ¥%ﬁFl°n' an In ormation ement (IEK)} 13 defined.

(" IEs can be included by a device in its beacon at any time and may
Lo
optionally be requested or provided using the command frames. IEs

100 are contained in beacon and command frames. They convey certain

control and management information.

According to the current WiMedia standard, the Link Feedback IE
contains information on the recommended change to the data rate
15 and transmit power level rescommended by a recipient device for
one or more source devices. A device may include a Link Feedback
¢ IE in its besacon to provide feedback on a link with a specific

N
neighbor.

200 A recipient device may use the Link Feedback IE to suggest the
optimal data rate to be used by a source device, for example, to
increase throughput and/or tc reduce the frame error rate. The
data rate in the Liak Feedback TE should be interpreted as the

maximum data rate that the source device should use for this



A recipient device may recommend a transmt power |evel change to 5.
be used by a source device by including a Link Feedback IE in its
beacon. A W&A306%038dt recei ves a Link Feedback | E i s notCHERINGFWHSBE 0
change its transmt power |evel. The recipient device m ght use the
signal to noise ratio, received signal strength, frane error ratio or
ot her paraneters to determine the transmt power 10change to
recomrend to the source device. According to the current W Medi a

st andar d patitikufaedbick |fBri snsencepirde e iaepesaperf rzate . Hbgeveunrce

t he coherence tinme of channels can be nuch | ess than the duration of
a super f dewvacelbahich a5 e836onfol s het heremiendatiieed for a new
link feedback strategy which can cater to |ower coherence time. In
one enbodi ment, new |ink feedback strategies that use conmand/ contr ol
frames for deV| ces are proposed. The proposed 20 strategies cater to

| ower chanmekipobet edeeids PRy (bessmdrithra drensuperpovware ldwedt change to
i.e., 65.536nms) and sone of themalso allow for power and rate

control ake tibedt bansnidurer skdéce by e wiihgdankity Feareiakead IEotn its
determ ning a data transm ssion characteristic, wherein data are
transm t tedcon.at feasde anatsupesiveays Nimér Eeadeach Uper hbantetSired
configured to transmt a plurality of franes, is provided, the nethod

conpri si A@: change its transmit power level. The recipient device might
Cﬁ use the signal to noise ratio, received signal strength, frame

error ratio or other parameters to determine the transmit power

10 change to recommend to the source device.

According to the current WiMedia standard, Link Feedback IE is
sent once every superframe. However, the coherence time of
channels can be much less than the duration of a superframe,

15 which is 65.536 ms. Thus, there is a need for a new link feedback

strategy which can cater to lower coherence time.

In one embsdiment, new link feedback strategies that use.
command/control frames for devices are proposed. The proposed

20 strategies cater to lower channel boherence times (less than one
superframe duration, i.e., 65.536ms} and some of them aléo allow

for power and rate control at the transmitter side.

10



5sending, in the superfrane, a plurality of data transm ssion
characteristic request nessages to a receiver for requesting data
transm ssi OHOeHa08Bberi stic information fromthe recei vaCT/SHREIS&DS3
the data transm ssion characteristic request nessages are

command/ control nessages; receiving, in the superfranme, a 10
plurality of data transm ssion characteristic response nessages

i ncluding data transm ssion characteristic-information fromthe

recei ver i 9@spahedingnt hea deatdodr asniletsor nevar acHetpst Fansmwiqpedon
nmessages wherein the data transm ssion characteristic response
nmessages @egacsrmaAtLconvhoreineseagesredetarmititeg, 1058t oheadie awt a
transm ssion characteristic information, at |east one data

t ranst hi s¥ipeafchaeacvrelrein csadm sGphefrawme dss damfdgarenbodi meatsmiitna
order to determne at | east one data transm ssion characteristic, a
devi ce Anfmyadéndl, o20fnamées n i supeiflednetha mdthadt canpmi ssion
characteristic request nessage to another device B every 'x' ps or at
| east 5oncenghegy LR' ths. s@ewiamiee dupbtiaonitof of saper framenissiamout
65 ns, the transmtter of device A may send a plurality of data

t ransni ssihamacharast e i s¢questeqeestgaessagesdozivke Fo€ety@ie ofing\D
2009/ 088364PCT/ SG2008/ 000483 device B within a superfrane. In one
enbodi nenlatat heanemes vesn afhadevitee i Bt hayinfspenrd oho feaght @t deceiver,
transm ssion characteristic request nmessage by sending a data
transm ssihere¢hatRet @it StiMansmission characteristic reguest messages

are command/control messages; receiving, in the superframe, a
10 plurality of data transmission characteristic response messages
including data transmission characteristic information from the
receiver in response to the data transmission characteristic
reguest messages wherein the data transmission characteristic
response messages are command/control messages; determining,
15 from the data transmission characteristic information, at least

one data transmission characteristic.

7
§

In other words, in one embodiment, in order to determine at
least one data transmission characteristic, a device A may send,
20 within a superframe, a data transmission characteristic request
message to another device B every 'x’ us or at le;st‘once every
‘2’ us. Since the duration of a superframe is about 65 ms, the
transmitter of device A may send a plurality of data

transmission characteristic request messages to the receiver of

11



response nessage to device A, wherein the data transm ssion
5characteristic response nessage includes at | east one data

transni ssi B WAHPEEHeri stic. I n one enbodi nent, devi ce PCHBFWPHIAES
the at | east one data transm ssion characteristic based on the data
transm ssion characteristic response nessage. |In one enbodi nent, both
the data transm ssion characteristic 10request nessage and the data
transm ssion characteristic response nessage are comrand/ contr ol
franes. Idevése Bnbbehiem suprsfdane tiamse ssbedinendradier irgcpéver of
request nessage sent by device A may al so include data transm ssion
15char actdsviisei B hay orarmoingn tor each |&dst topasuasalen ainrassegastic
characteristic. I n one enbodi ment, both device A and device B ma

det er m nereaestanes BrEe dat #endangnd skiten tehasatserdntdharsesedisniat

| east one data transm ssion characteristic request
response message to device A, wherein the data transmission

5 characteristic response'message includes at least one data
transmission characteristic. In one embodiment, device A
determines the at least one data transmission characteristic
based on the data transmission charécterisﬁic response message.
In one embodiment, both the data transmission characteristic

10 request message and the data transmission characteristic

response message are command/control frames.

In one embodiment, the data transmission characteristic reguest
message sent by device A may also include data transmission

15 characteristic information or at least one data transmission
characteristic. In one embodiment, both device 2 and device B
may determine at least one data transmission characteristic
based on at least one data transmission characteristic request
message and/or at least one data transmission characteristic

20 response message. In one embodiment, the data transmission
characteristic may refer to information about transmission rate
or transmission power of data transmission, buf is not limited
thereto. In one embodiment, the data transmission chargcteristic

may refer to Link Quality Indicator (LQI) or Signal to Noise

12



nmessage and/or at |east one data transm ssion characteristic

20r esponse nessage. In one enbodi nent, the data transm ssion

char act eri s¥WPeI¥@g836€éf er to i nformati on about transm ssiREEICAOEB/AIP4S3

transm ssion power of data transm ssion, but is not limted thereto.

In one enbodi nent, the data transm ssion characteristic may refer to

Link Quality Indicator (LQ) or Signal to Noise WO

2009/ 088364PCT1SG20081000483 Ratio (SNR). In one enbodi nent, the data

t ransmi ssRanio cHfdifdct dmi snpcempgdimendn, toet fetaumbursmifsséonrect |y

recei ved packets. In one enbodi nent, the data transm ssion

char act er tsaFacteayi stdfcemayore fer riiriidre ofimbest oharkatestlynreneived

enbodi nent, the 5 data transm ssion characteristic may refer to the

nunber of ppalcket-s Irecaeyv edbwliteR,armbeCletk Sezpmmice {(ORCEhaeacberistic

(with no Header Check Sequence or HCS error). In one enbodi nent, the

dat a tramsay ssEfmr dlarthet ennise s o frdystepeckes t hen mmdbembofiipacketthe

transmtted to intended recipient of the cornmand frame. In one 10

enbodismendatd herathatre stsiansohssacrerdsaiacheyi séfer nay thef anmber t die

si ze of neasurenent w ndow i n nunber of mcroseconds or mlliseconds.

I n one enbockatantrecdei®econiandicomt ChkcRessqgescar @CS) error (with no
Header Check Sequence or HCS error). In one embodiment, the data
transmission characteristic may refer to the number of packets
transmitted to intended recipient of the command frame. In one

10 embodiment, the data transmission characteristic may refer to
the size of measurement windew in number of microseconds or

milliseconds.

In one embodiment, the ccmmand/control messages are

15 command/control frames. According'to the WiMedia standard,
command/control frames are for sending command/control
information among communication devices within a communication

devices’ group.

20 In cne embodiment, two or more frames (or sets of two or more
frames) are transmitted in the superframe by a device, and at
least one data transmission characteristic request message is
sent by the device before {(e.g. at the beginning of) the

transmission of every set of two or more frames by the device.

13



15 command/ control franes. According to the W Mdi a standard,

command/ control franmes are for sending comrand/ control information
anong commy WAYE88#4devi ces within a communi cati on devi REESGIPHIPIS320
I n one enbodi nent, two or nore frames (or sets of two or nore franes)
are transmtted in the superframe by a device, and at | east one data
transm ssion characteristic request nmessage is sent by the device
before (e.g. at the beginning of) the transm ssion of every set of
two or numeothanescist e deei esbod NE2009/ OBSBEAHRGTY3G20084H066483 | n
ot her words, in one enbodinent, a characteristic request nessage is
transm t redsbyet he dmn=smd thed pacthseteviicef fanesadh agesmicitt €damast he
superfrane by the device, such that the transm ssion of a

char act ertirahbnitesdiest thessagerbyatdevdeneceaeblse f dionedahy thhe
reception of a characteristic response nessage by the device foll owed
by transriraskenbsofod ef raespack tver sedi cofrefiase smdysddee tderheefevece No
other franme is transmtted by the device between the characteristic

request mnRSfgalbowdedl Hiheheespesptven st aokhbrasesyistik Ifesphase
enbodi ment, the data transm ssion characteristic request nessages are

sent periedsggd |y dHe erReieabedl I®Md by @abhAshi MV S @Re respective

characteristic request nessage is sent at |east once during each

predet er geReds PEFAH Gyt ithe bBbeEv@l.e.1Bo other frame is transmitted
by the device between the characteristic request message and the
respective set of frames).

10
In one embodiment, the data transmission characteristic reguest
messages are sent periodically. In one embodiment, a data
transmission characteristic request message is sent at least
once during each predetermined periodic time interval.

15

In one embodiment, the transmitter and the receiver are

communication devices according to WiMedia specification.

In cone embodiment, the transmitter and the receiver are

20 communication devices according to IEEE 802.15.3b specification.

In one embodiment, the data transmission characteristic request

messages are medium access contrel layer messages. In one

14



In one enbodi ment, the transmitter and the receiver are comunication
devi ces according to WMdia specification. In one enbodi nent, the
transm tt erWaR09%08&6# ecei ver are 20communi cati on devi cesPCIEHBAHI0NYSE O
| EEE 802.15. 3b specification. In one enbodi nent, the data

transm ssion characteristic request nessages are medi um access

control |ayer nessages. In one WD 2009/0883641' CT/ 8G2008/ 000483
enbodi nent, the data transm ssion characteristic response nessages
are nedi uprediantoorheoRatayeramssissdes. charatikeiiddi meapensat a
transm ssion conprises the transmssion 5 of a plurality of data
packets, ne¢Rbades dateamedans nd&sdom coldradt bayst inegsdgesnat i on

i ncludes the nunber of data packets correctly received by the

recei ver or the nunber of data packets |ost or the nunber of data
packets received with FCS error (and not with HCS error) or the
nunber of Idatre padketisentandaid tecknlsyniidithecomgoeisesr the aransmission
measur enment wi ndow tine period. In one enbodi nent, the data

transii sseHm glarmdtieyi sfi datafmrakettispnandct el ads tianframahi 98i @bout

t he neasurenment wi ndow tinme period as well. 15 In one enbodi nent,

dat a transmssiteriissipethosmed: M idctodesnticativbdd B betyesitidets
transmtter and the receiver and the data transm ssion characteristic

i nf or mat | @rdectagmrebeeabd asy | dHik reeedbackot iy Mki@® 6F HaFK packets
quality information.
{ﬁ lost or the number of data packets received with FCS error (and
N not with HCS error) or the number of data packets transmitted by
10 the receiver in a measurement window time periocd. In one
embodiment, the data transmission characteristic information

includes information about the measurement window time period as

well.

15 In one embodiment, data transmission is performed via a
communication link between a transmitter and the receiver and
the data transmission characteristic information is
communication link feedback information or link quality
information.

20
In one embodiment, the data transmission characteristic
information includes iﬂformation about the signal to noise ratio

at the receiver pertaining to the data transmission.

15



20 I'n one enbodi nent, the data transm ssion characteristic
i nformation includes information about the signal to noise ratio at
t he recei véi0 20exa8&icmi ng to the data transm ssion. WD PCT/SG2008/000483
2009/ 088364PCT/ SG2008/ 000483 I n one enbodi nent, the data transm ssion
characteristic response nessage includes information for setting the
transmt power |evel of the data transm ssion. 5In one enbodi nent,
the data transm ssion characteristic response nessage includes
i nf or mat ifonoheremdimeg ty hehe r daisaritraganas s lere fananregdasgsic response
transm ssi on. I n one enbodi nent, a data transm ssion
char act emestige rigtpiesie sl Onéssagelidrs foansehpbnd ddicdidapsmiih poeer
enbodi nent, the data transm ssion characteristic response nessages
i ncl ude ilefret nef i e fdataseéransgisdiendata rate of the data
transm ssion. 15

5 In one embodiment, the data transmission characteristic response

message includes information for setting the transmit data rate

of the data transmission.

In one embodiment, a data transmission characteristic regquest

10 message is sent aperiodically.

In one embodiment, the data transmissicon characteristic response
messages include information for setting the data rate of the
data transmission.

15
in one smbodiment, the data transmission characteristic
information includes information about suggested data rate,
information about suggest transmit power lewvel change,
information about number of packets received with error,

20 information abcut number of packets lost, information about
number of packets transmitted to tﬁe recipient of the command
frame, information about measurement window, information about
number of packets correctly received, and information about

SNR/LQI of communication link.

16



I n one enbodi nent, the data transm ssion characteristic information

i ncl udes information about suggested data rate, information about
suggest tr avQndoo/ogeswker | evel change, information about rROTIRER208f000483
packets received with error, 20 information about nunber of packets

| ost, information about nunber of packets transmitted to the

reci pient of the command franme, information about neasurenment w ndow,
i nformati on about nunber of packets correctly received, and

i nformati on about SNR/LQ of conmunication link. WD
20091088364PCT1SG20081000483 I n one enbodi nent, the transmtter
transm t sira caemeapddcasht ol tid afammhidtdat Brdfaigs $Skcdfmand/control
characteristic request nessage every 'x' ps or at |east once in every
‘X' ps orfape icadiacabky Orasmedsdike baghactag ofi d ragektansagddons
and the receiver replies with a conmand/ control frame or a data
transm ssdwrcharagkebisit CLELIPUITR TRSSAESy URON 1sLGePhpeni &didhll
command /control frane or a request nessage after a fixed period o

time whi cde may ther neyanpl ey ey ke LRLRSLE @B SPAG RYe( SbESIvedO IN
one enbodinent, the tine to send a data transmn ssion

replies with a command/control frame or a data transmission

characteristic response message upon reception of a command

/control frame or a request message after a fixed period of time

ity
FAN

which may for example be Short Interframe Spacing (SIFS).
10
" In one embodiment, the time to send a data transmission
characteristic response message by a device in response to a
data transmission characteristic request message, after the
receipt of the data transmission characteristic request message

15 is given by

pPSIFS + pSlotTime + (position value in a device list) x (command
frame duration of the data transmission characteristic response
message + pSIFS)

20
wherein pSIFS and pSlotTime may have the wvalues as defined by

the ECMA standard.

17



characteristic response nessage by a device in response to a data
transm ssion characteristic request nmessage, after the receipt of the
dat a transWOs29p9es8¥Mar acteri sti c request nessage 15i s gRrUESGIIIS/PHBISES
+ pSlotTine + (position value in a device list) x (conmand frane
duration of the data transm ssion characteristic response nessage +
pSI FS) 20 wherein pSIFS and pSl ot Tine may have the val ues as defi ned
by the ECMA standard. WD 2009/ 088364PCT/ SG20081000483 I n one

embodi NeRt, ofe dehiSod it 8SHQRa Cha G Shi 6hd SSRAISE tiRS$aEBonse
transmitted in response to a data transm ssion characteristic request

message %@@eagéeﬁr&%ﬁ%@@pfk@éﬁbwé h o adubel i ofhnealivgithat is
given by 5 a duration value included in the data transm ssion

charact erdpst-ber L £oMest NRS8AYenes{LMBRE fi kaGe, DAt dil@N$Tk3di Pkh 2
time of the data transm ssion characteristic

duraticn wvalue that is given by

a duration value included in the data transmission
characteristic request message - (command frame body
transmission time of the data transmission characteristic
request message + pSIFS) - command frame transmission time of

10 the data transmission characteristic response message + command
frame body transmission time of the data transmission

characteristic response message

wherein pSIFS may have the wvalue as defined by the ECMA

15 standard.

;o In one embodiment, a data transmission characteristic response
message transmitted in response to a data transmission
characteristic request message comprises a duration field with a

20 duration wvalue that is given by

a duration value included in the data transmission
characteristic request message -{command frame body transmission

time of the data transmission characteristic request message +

18



request nessage + pSIFS) - conmand frane transmi ssion tinme of 10 the
data transm ssion characteristic response nessage + conmand frane
body transmwesgigmsisrse of the data transm ssion charact @UTsG2608/000483
response nessage wherein pSIFS may have the val ue as defined by
t he ECVA 15standard. In one enbodi nent, a data transm ssion
characteristic response nessage transmtted in response to a data
transm ssion characteristic request nessage conprises a duration
field w tpsa20 cisnatiraneval usditdbni saghyein by 1 =dutat ths yatale
included in the data transm ssion characteristic request nessage

- (command: fdravie eady: thapsst &SI ct FBBueit ties il I ARGMSSE Oframe
characteristic request nessage + PpSIFS + pSlotTine + (position val ue

in a listeidhdrliesdahatinansigs @ateharagserd SidC dhaauestri®ssage) X
(command frame transmission tinme of the data transm ssion

charact erjsdddn s sR@B86e TESSAGS )Y PEbiwidd - UG ahsANBs L §ANSIHES $FoN
time of 5 the data transm ssion characteristic response nessage +

conmaRd f#angRady bhansss Ssd %atﬂa@eeﬁsér@ :.CLaé rlseaR8gL 8§k OD command
characteristic response nessage wherein pSIFS and pSlotTi ne may

have the maliles @@Lh&ﬁpséayod\ﬂtm@ E%étﬂkdaart%nsglggeoﬁol | owi ng,

five different e odlnents (five possible frame payload tormats for

comand/ e efhi ?)régﬁ%ﬁg%owgssggeone enbodi nent, the transmtter
may include a connand contro

{

L

wherein pSIFS and pSlotTime may have the values as defined by

10 the ECMA standard.

In the following, five different embodiments (five possible
frame payleoad formats for command/control frames) are shown. In
one embodiment, the transmitter may include a command/control
15 frame (payload(s) as shown in variocus options; see Figs.2-6)
every ‘x’ us (or at least once every ‘x’' us) and/or at the
beginning of frame transactions or aperiodically, and the
receiver reply with a command/control frame upon reception of a
Command/qontrol frame after a fixed time period which for

20 example may be Short Interframe Spacing {(SIFS) [2].

In one embodiment, the command/control frame sent by the
‘transmitter requesting data transmission characteristic is

referred to “Link Feedback Request frame”. In one embodiment,

19



15frame (payl oad(s) as shown in various options; see Figs.2-6) every
I x' ps (or at |east once every 'x' ps) and/or at the begi nning of
franme transacioowessssar aperiodically, and the receiver rephscodd0a83
command/ control franme upon reception of a command/ control frane after
a fixed tinme period which for 20exanple nmay be Short Interfrane
Spacing (SIFS) [2]. In one enbodi ment, the comrand/control frane sent
by the transmtter requesting data transm ssion characteristic is
referred the chinnknéfeesiiack Reghestedt ae'thel peodtvenhiodir®pbnse Wb a
2009/ 088364PCT/ SG2008/ 000483 t he command/ control frame sent by the
recei ver iimk espansek kequdsitnkreedbacle rRegugsto f Ymiwk ireduebekr replw
"Link Feedback Reply franme". FIG 3 illustrates the comand/ contr ol
frame paydr@ad~formats 300 according to one enbodi nent. Frame 310
shows the payl oad of a conmand/ control frame (data transm ssion
characteristic request nessage) sent by a 10) transmtter in one
enbodi nent. I n one enbodi nent, the payload of the conmand/ control

frame:;31G-18ent blllﬁ?@ratﬂe%n%ﬁbt E@zﬁm&&fﬂﬂo‘m’%%lo@@ar@&tﬁyﬁgﬁ fb.@mQE‘@ 300
enbodi nent, the bit format of the octet 301 is shown “as

bi tl - bi t@c%%dgggt@@ d}gee}nbgg;mggy be reserved, and bi tO 306 may be
set to be O when"it is a L

Frame.310 shows the payload of a command/control frame (data

T,

transmission characteristic request message} sent by a

1¢} transmitter in one embodiment. In one embodiment, the pavload of
the command/control frame 310 sent by the transmitter comprises
one octet 301. In 6ne embodiment, the bit format of the octet
301 is shown as 330: bitl-bit7 305 of the octet 301 may be
reserved, and bit0 306 may be set to be 0 when it is a Link

15 Feedback Request frame (dataAtransmission characteristic request

message) .

In.one embodiment, the transmitter may send the command/control
frame 310 every ‘¥’ us (or at least once in evéry ‘x’ us or

20 aperiodically) and/or at the start of frame transaction, and the
receiver may reply withka command/control frame upon reception

of the command/control frame from the transmitier after a fixed

time period which for example may be SIFS.

20



15. Feedback Request frane (data transm ssion characteristic request
nmessage). I n one enbodinent, the transmtter may send the

command/ corwoabosfosssae 310 every 'x' ps (or at | east oncedws@U@rgodsx’
ps or 201 aperiodically) and/or at the start of frane transaction,

and the receiver may reply with a conmand/ control frame upon
reception of the command/control franme fromthe transmtter after a
fixed tinme period which for exanple may be SIFS. WO

2009/ 088384R6T 1@ G6:BLR004 8 3pky borrl 320 cohpuady bentpeayl dadmef (data
command/ control franme (data transm ssion characteristic response
message) tromami gicRl \CRhrhbtELSPONS aelspohbe héHkadweedrask aReguester in
frame (data transm ssion characteristic request nessage) according to
one enbodi&Epdnsed o tareL.EAROE sIHck RBGuESE art4mdS(Ha3Si @Ransmission
characteristic response nessage 320 nmay conprise a |ink feedback
control ogh&fact ¥ iistdeCabyngst hadsdahe ) "Bssagein$ dd reMehbedihént .
response to a Link Feedback Request frane 310. In one enbodi nent, the
data 30transmi ssion characteristic response nessage 320 nay conpri se
one or two octets 303 indicating the nunber of correctly received
packets StMCehd asdbokh AknEeethacks GoMBALLE0S] 50! cH11aR 8XERaN0L sl dhise

one enbodi nent, the data transm ssion characteristic response nessage
320 may CRIGNAdRE 9 Rl eLoR0fise a link feedback control octet 302

indicating that the message is transmitted in response to a Link

Feedback Request frame 310. In one embodiment, the data

10 transmission characteristic response message 320 may comprise
one or two octets 303 indicating the number of correctly
received packets since last Link Feedback command/control frame
exchange. In one embodiment, the data transmission
characteristic response message 320 may comprise an octet 304

15 indicating LQI or the signal to noise ratio (SNR). In one
embodiment, bitl-bit7 305 of the link feedback control octet 302

are reserved, and bit0 306 is set to be 1 to indicate that

7

message 320 is a Link Feedback Reply frame {(data transmission
characteristic respoﬂse message) .

20
The embodiment as illustrated in FIG. 3.allows for power and
rate control to be done at the transmitter., The feedback
information includes SNR or LQI and number of packets correctly

received.
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15indicating LQ or the signal to noise ratio (SNR). In one

enbodi nent, bitl-bit7 305 of the link feedback control octet 302 are
reserved, wWOR0H/8364306 is set to be 1 to indicate thatPGESEAEHIGRY
is a Link Feedback Reply frame (data transmi ssion characteristic
response nessage). 20 The enbodinment as illustrated in FIG 3 allows
for power and rate control to be done at the transmtter. The
feedback information includes SNR or LQ and nunber of packets
correctly received. WD 2009/ 088364PCT/ S&008/ 000483 FIG 4
illustrates the conmmand/ control frang a%ggd formats 400 accordin

to one efbGdi ﬁeﬁ%%u@rlﬁrt&ﬁetaﬁoc%rﬂ%ﬂﬁ?/tcgeg | RN PRI RENGPEBRES 1V0

frame (data transm ssion characteristic request nessage) froma
transni t BEFOFRIRRe" 2 MGdPAEREL™¢M one enbodi ment, the payl oad of the
command/ control frame 410 froma transmtter nay conpri se one octet
401. In one enbodi nent, the octet 401 nmay have the bit 10format as
shown in format 430: bitl-bit7 406 of octet 401 may be reserved, and
bit ()5 407ramg HEO sHiowso the Davikeaf iaf icempapd AROHesdhdck Reqt@82 franme
(data transm ssion characteristic request nessage) fromthe _
transm t EERNSIES FFereheze cERBIST 1 h e 9gapE bade 7 2 TVMENY éoRrRrBFNEFtiare
(data transm ssion characteristic response nessage) froma receiver
in respohBect® emzodiateatt r Anses siwhvddhantet €1 REwW orgqudsthaessage

410 according to one enbodi nent.
command/control frame 410 from a transmitter may comprise one
(.

octet 401. In one embodiment, the octet 401 may have the bit

10 format as shown in format 430: bitl-bit7 406 of octet 401 may be
reserved, and bit0 407 may be set to be 0 when it is a Link
Feedback Request frame (data transmission characteristic request

message) from the transmitter.

15 Frame 420 shows the payload of command/control frame (data
transmission characteristic response message) from a receiver in
response to the data transmission characteristic request message

410 according to one embodiment.

20 In cone embodiment, the command/control frame 420 comprises a
link feedback control octet 402 indicating that the message is
in response of the Link Feedback Request frame 410. In one
embodiment, the command/control frame 420 may comprise one octet

403 indicating the data rate and the change of transmit power
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20 I n one enbodi nent, the conmand/control frame 420 conprises a |link
f eedback control octet 402 indicating that the nessage is in response
of the Linkwbeewnagics Request frane 410. I n one enbodi memGT/8de008/000483
comvand/ control franme 420 may conprise one octet 403 indicating the
data rate and the change of transmt power WO

2009/ 088364PCT/ SG2008/ 000483 | evel. I n one enbodi ment, bit3/bit4-bit7
404 of the octet 403 may be used to indicate data rate. In one

embodi mentevdi 1 Okn kids? ehbbdi débc 0fbitdigbactebi 4034 omphehesedtbd 403
i ndi cate the change of transmt power level. S In one enbodinent, the

octet 402napypdaveed ke bhbifofdedatas rSReWNIh NoddrdodAdenthi blebit7
406 of octet 402 nay be reserved, and bit() 407 may be set to be 1

when it isieetiide FredbacknReptted r¥enggabd bsaNSHH S98Bate the
characteristic response nessage) from 10t he receiver. In one

enbodlnen@haﬁggaaﬂwyyaﬁghggrpéwgatggﬁgla command/ control frane (payl oad
as shown in 410) every Ix' ps (or at least once in every IXx' ps or

aperi@dically) and/or at the start of frame 15 transaction and the
receiver replies with a command/ control franme upon reception of a

conmand/ cpntgal Jn{tﬁ:@%m@BEert@e fdoeed hbaﬁmgglr%%4vﬁ11 £hikOk.exaopPle may

be SI FS. The enbodi nent as i1llustrated in |ows for rate

control %?évﬂq be, denGagt e %@? S RGeiHeH 3pg bgf&%{%} 1492 Rﬁgt B%gi@ge}x%d,

i ncrenent al / decr enent al ange i n power to back t

transmttery hﬁ% 3%%d§agkbé nfar et ian,from the receiver %geaﬁgck Reply
(ransnltter i nc a rate and i ncrenenta / ecrement al’ “"power
'ncrease/§§§&§Q%%ta transmission characteristic response message) from

10 the receiver.

In one embodiment, the trénsmitter includes a command/control
frame (payload as shown in 410} every ‘x’ us (or at least once
in every 'k’ ps or aperiocdically) and/or at the start of frame
15 transaction and the receiver replies with a command/control
frame upon recepﬁion of a command/control frame after a fixed

time period which for example may ke SIFS.

The embodiment as illustrated in FIG. 4 allows for rate control
20 to be done at the receiver and informaticon pertaining to
incremental/decremental change in power to be fed back to the
transmitter. fhe feedback information from the receiver to the
transmitter includes data rate and incremental/decremental power

increase/decrease,
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WO 2009/ 088364PCT/ SG20081000483 FIG 5 illustrates the

command/ control franme payload formats 500 according to one

enbodi nent wao0ed/e88mme enbodi nent, the command/ control fPreureGRobs/aekes3
Feedback Request frane, nanely the data transm ssion characteristic
request nessage) sent by the transmtter and the conmmand/ control
frame (Link Feedback Reply franme, nanmely the data transm ssion
characteristic response nessage) sent by the receiver in 10 response
to the Link Feedback Request franme may have the sane format as shown
in frame 510. In one enbodi nent, the command/control frame 510 may
conpri se E&GLi Aki Faegtyadie sCoher obmGoicbtcob@tol| Arame mamiodidnEntpathes WD
command/ control frame 510 may conprise one or two octets 502 to

i ndi cat e ackkerdundetro agfnecembedihgnt ecei ved packets (i.e. since |ast

Li nk Feedback command/ control frane exchange). In one enbodi nent, the
command/ control frame 510 may conprise an octet 503 to indicate the
LQ or SNR 20 In one enbodinent, bit format of the Link Feedback
Cont rol dat eheS@ibddingtmawntha Eomtdrel /o20trbh Oneme mIodikr@akdback
bit2-bit7 504 of the Link Feedback Control Cctet 501 nay be reserved.

I n one emeadesentran,t nah@dyofht headd rkkahendbackn Gorma@ite®iteic 501
may WO 2009/ 088364PCT/ SG2008/ 000483

request message) sent by the transmitter and the command/control
frame (Link Feedback Reply frame, namely the data transmission
characteristic response message) sent by the receiver in

10 response to the Link Feedback Request frame may have the same

format as shown in frame 510.

In one embodiment, the command/contreol frame 510 may comprise a
Link Feedback Contrel Octet 501. In one embodiment, the

15 command/control frame 510 may comprise one or two octets 502 to
indicate the number of correctly received packets (i.e. since
last Link Feedback command/control frame exchange). In one
embodiment, the command/control frame 510 may comprise an octet
503 to indicate the LQI or SNR.

20
In one embodiment, bit format of the Link Feedback Control ‘octet
501 is shown in frame 520. In one embodiment, bit2-bit7 504 of
the Link Feedback Control Octet 501 may be reserved. In one

embodiment, bitl 505 of the Link Feedback Control Octet 501 may
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be used to indicate whether there is additional two or three octets
(502 and/or 503) follow ng the Link Feedback Control Octet 501

i ncl uded i Wwohpesosssiand/ control frame 510. I n one enbodiPGIVRG20031008483
505 may be set to be O to indicate there is no 5additional two or
three octets (502 and/or 503) follow ng the Link Feedback Control
Octet 501 included in the command/ control frame 510. In one

enbodi nent, bitl 505 may be set to be 1 to indicate there is

addi t i onabe tusedrt o hnee cate evise {02 thrdbol s 503)ifiginadwitng dhethiak
Feedback Control Octet 501 included in 10the command/ control frane
510. I n ovecermbodidZennd/brt §)3 )50 1dowting LthaklféedkracdkaCanContr&xrt et
501 may be used to indicate that the command/ control franme is a link
f eedback oemresOIf nanendadnet yrle datmahdidaosnt ssi diracieabact eCh séne
request nessage. In one enbodinent, bit0O 506 is set to O to indicate
that the dfisanmemnd/,cbatiob0f reaye bes satl takbé eedhnckhdiegquesthér@nss no
nanely a data transm ssion characteristic request nessage. |In one

enmbodk merdddiiitoh 15@Gc0brt bierdd deteeedhaok £mtdwl5085t €b1MBYi ke tieed
to indicate that the command/ control frame is a |ink feedback reply

frame, namly recddtakt caASHbSItChRatacheltddd G n2Qhes peRsenAPSSRAIR1
In one enbodinent, bitO 506 is set to 1 to indicate that the

command/ conie0ls1for.ane 840 &bdiilxchk  Feedbasks Rep) wef kaRecoNBE®] Yro
atdata transm ssion characteristic response. nessage.

indicate there is additional two or three octets (502 and/or

e

(.

503) following the Link Feedback Control Octet 501 included in

10 . the‘command/control frame 510. In one embodiment, bhit0 506 of
the Link Feedback Control Octet 501 may be used to indicate that
the command/control frame is a link feedback request frame,
namely a data transmission characteristic request message. In
one embodiment, bit0 506 is set to 0 to indicate that the

15 command/control frame is a link feedback request frame, namely a
data transmission characteristic request message. In one
embodiment, bit0 506 of the Link Feedback Control Octet may.be
used to indicate that the command/control frame is a link
feedback reply frame, namely a data transmission characteristic

20 response message. 1In one embodiment, bit0 506 is set to 1 to
indicate that the command/control frame 510 is a Link Feedback
Reply frame, namely a.data transmission characteristic response -

message.
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WO 2009/ 088364PCT1SG20081000483 I n one enbodi nent, the transmtter
i ncl udes a command/ control franme (payl oad as shown in format 510)
every 'x' [0 toop/ogssed east once in every |Ix' ps or aperi pdr/saioog)oo4ss3
and/or at the start of frame transaction, and the receiver replies
with a 5 command/ control frame upon reception of a comrand/ contr ol
frame after a fixed tinme period which for exanple may be SIFS
(Transmitter is also able to give feedback to the receiver). The
enbodi nerdin g@sei ehpsdingrad itheFt GanSnidiegws nfdndex ch armgenagid /£0nk ok
feedback informati on between transmtter and receiver. The feedback
i nf or mat ifoamenchagesa ENR sQowanitn ntodrert oflOpaekety tOr nectloy at least
recei ved. Rate and power control can be done sinultaneously at the
transm t exceand eecey ver moedes aperinglifaedig) exchbmgewidhe tshegt of
enbodinment. 15 FIG 6 illustrates the command/ control frame payl oad
format s G@@mactoxmsar itom, onedetbo dtamitver] repheeenhioth nent, t he
command/ control franme (Li nk Feedback 20 Request frame, nanely the
dat a 4 r areningsd HeocthariadtrameStpen reiesti ofes 8 agedomeitd MpntRel frame
transmtter and the command/ control frane (Link Feedback Reply frane,
nanel y thétdata fiansriissi parcbananiar ifshi exEREDONES, RSSAgE) sent by
the receiver in

{(Transmitter is alsc able to give feedback to the receiver).

‘The embodiment as illustrated in FIG. 5 allows for exchange of
10 link feedback information between transmitter and receiver. The
feedback information includes SNR/LQI and number of packets
corfectly received. Rate and power control can be done
simultaneously at the transmitter and receiver nodes during
frame exchange with this embodiment.
15
FIG. 6 illustrates the command/control frame payload formats 600

according to one embodiment.

P

In one gmbodiment, the command/control frame (Link Feedback

20 Regquest frame, namely the data transmission characteristic
request message) sent by the transmitter and the command/control
frame (Link Feedback Reply frame, namely .the data transmission

characteristic response message) sent by the receiver in

26



WO 2009/ 0883641' CT/ SG2008/ 000483 response to the Link Feedback
Request frane may have the sane format as shown in frame 610. In
one enbodi memtgospsmsconmand/ control franme 610 rmay conpr ipga/sa2fusionddss
Feedback Control octet -601 and a Link Feedback octet 602. In one
enbodi ment, bit format of the Link Feedback octet 602 is shown in
620. In one enbodinent, bit3/4-bit7 603 of the Link Feedback oct et
602 may be used to indicate the data rate. In one 10 enbodi nent,

bi t 0- bi t 2/elipbd 6040 NMaye bei IS ed etiDabROREQISSH TR 26BARNGE Bivd IENS Hakhe
power level. In one enbodinment, bit format of the Link Feedback

Control oGhekt683 kBoshoMn A13m83@10l N one enbodi ment, bit2-bit7 605
of the 15 Link Feedback Control octet 601 may be reserved. In one

enbodi ment, bitl 606 of the Link Feedback Control octet 601 nay be
used to indicate whether there is an Li nk Feedback octet 602 i ncl uded

in the comand/ eABLE Sherlt, 2P0 LBmhohd P NG d1he rhinBK s T8 efbR Clorfn ke 0k
octet 601. In one enbodlnent bit0 607 of the 20 Li nk Feedback

Contrpol aghgt »604n MEY é%ﬁmt%qd obPetNEb LI A VM‘%W&V rb D&, cOMRN/CRpL! Ol
frame 610 is a Link Feedback Request nessage (data transm ssion

characteristic request nessage) or a Link Feedback Reply nessage
(data transm ssion characteristic response nessage). |In one

e”bOd'”e&% ogéteﬁggdiﬁ%f%ﬂ EEQ ?SrQaE of the Link Feedback octet 602 is

(mf shown in 620. In one embodiment, bit3/4-bit7 603 of the Link

: Feedback octet 602 may be used to indicate the data rate. In one
10 embodiment, bit0-bit2/bit3 604 may be used to indicate the

change of transmit power level.

In one embodiment, bit format of the Link Feedback Control octef
601 is shown in 630. In one embodiment, bit2-bit7 605 of the

15 Link Feedback Centrol oc£et 601 may be reserved. In one
embodiment, bitl 606 of the Link Feedback Control octet 601 may

{'_ be used to indicate whether there is an Link Feedback octet 602

included in the command/control frame 610 following the Link
Feedback Control octet 601. In one embodiment, bitd 607 of the

20 -Link Feadback Control octet 601 may ke used to indicate whether
the command/control frame 610 is a Link Feedback Request message
(datg transmission characteristic request message) or a Link
Feedback Reply message {data transmission characteristic

response message}. In one embodiment, bit0 607 is set to be 0 to
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WO 2009/ 088364PCT/ SG2008/ 000483 i ndi cate that the command/ contr ol
frame is a Link Feedback Request nessage. |In one enbodinent, bit0 607
is set to b®Dovessisadi cate that the command/ control frareEr/$Goes/dodask
Feedback Response nessage. 5 In one enbodi nent, the transmtter

i ncl udes a command/ control franme (payload as shown in 610) every 'Xx'
ps (or at |least once in every 'x' ps or aperiodically) and/or at the
start of franme transaction, and the receiver replies with a

comand/ geRti kgt e 10h4¢ &R %Qﬁaﬁsfz@&wm ¢t-afte COEMRNGY NOHMEBba bk aME
after a fixed tinme period which may for exanple be SIFS (Transnltter

node is gl.3feabl Rl vanrf %ﬁgbéﬁlgo&ﬁletnlﬁe Leegi ¥ef 19dR):. +Ihge 1
enbodi nent as illustrated in FIG 6 is based on Iink 15 feedback

i nf ormat iy gp/lggté e die Y R hha ¥ Mesh @ o3t #pdakd; £ détﬁrr@tﬁ%eaeqck

i ncrement al / decrenmental power 1 ncrease/decrease). In this enbodinent,
rate congg F gapn be. gﬁﬂg si mul taneously at the transnltter and
receiver Png fTane exchange. 20 FIG 7 illustrates the

co d/ control frame payload fornmats 700 according to one

enbodi nent. I n one enbodinent t he conmand/ control frame (Link

Feedback 652%%2%??@%5’ s 5}:5‘%51%3&%5 ROSTLSS QN SRALAGEERERL ©

WO 2009/

frame {paylecad as shown in 610} every 'z’ us (or at least once

<_  in every ‘x' us or aperiodically) and/or at the start of frame
transaction, and the receiver replies with a command/control

10 frame upon reception of a command/control frame after a fixed

time period which may for example be SIFS (Transmitter node is

also able to give feedback to the receiver node).

The embodiment as illustrated in FIG. 6 is based on link
15 feedback information as in the current WiMedia standard (data
rate and incremental/decremental power increase/decrease). In
<; ' this embodiment, rate control can be done simultaneously at the

transmitter and receiver during frame exchange.

20 FIG. 7 illustrates the command/control frame payload formats 700

according to one embodiment.

In one embodiment, the command/control frame (Link Feedback

Request frame, namely the data transmission characteristic
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request nessage) sent by the transmtter and the conmmand/ control
frame (Link Feedback Reply franme, nanmely the data transm ssion

char act er i s%0 znog/esspeinse nessage) sent by the receiver | PCTASROISE4$0
t he Li nk Feedback Request frame nmay have the same 5; format as shown
in frame 710. In one enbodi nent, the command/control frame 710 may
conprise a Link Feedback Control octet 701. 10, In one enbodi nent,
the command/ control franme 710 may conprise one or two octets 702 in
addi ti on tayptdse meskabgepdback HYontheok rasgset t &Yl and the command/control
command/ control frame 710 to indicate the nunber of correctly

recei ved patdeet(S.inkS5Faedanecieregdivimettme | heartaiymand/ aaphr of af §mi8s 1650
may conprise one or two octets 703 in addition to the Link Feedback

Control ofHzdact@kikBithee simmncicceaepl sédmmy Zhe tecépdéeaie the
nunber of packets lost. 20 In one enbodi ment, the command/ control

frame 710-dBHnGeMRbI SBe t Mh 10 Gl aéR4REGuaskidragle hayt Revdi fike same
Feedback Control octet 701 in the command/control frane 710 to

i ndi cat e thenaruahesnefn packatsad egei,ved with FCS error and with no
HCS error. WD 2009/ 088364PCT/ SG2008/ 000483 I n one enbodi nent, the

command/ control frame 710 may conprise two octets 705 in addition to
t he Link Feedback Control octet 701 in the command/ control frane 710

to indicatg &n@eeﬂﬁaé.%em RAGK @Rk hapssh{8d fr@mknt epdes, r eGhpisert 5

of the conmand frane.
(“ Link Feedback Control octet 701.

(e
10+ In one empodiment, the command/control frame 710 may comprise
one or two octets 702 in addition to the Link Feedback Control

octet 701 in the command/control frame 710 to indicate the

number of correctly received packets.

15 In one embodiment, the command/control frame 710 may comprise
one or two octets 703 in addition to the Link Feedback Control
&'  octet 701 in the command/control frame 710 to indicate the

number of packets lost,.

.20 In one embodiment, the command/control frame 710 may comprise
two octets 704 in addition to the Link Feedback Control octet
701 in the command/control frame 710 to indicate the number of

packets received with FCS error and with no HCS error.
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I n one enbodi nent, the command/ control frame 710 nmay conprise one or
two octets 706 in addition to the Link Feedback Control octet 701 in
t he comanwbomiossdsafrane 710 to indicate the size of rrEAmG2e08R06483
wi ndow i n nunber of mcroseconds or mlliseconds. 10 . In one

enbodi nent, the command/ control franme 710 may conprise one octet 707
in addition to the Link Feedback Control octet 701 in the

command/ control frame 710 to indicate the LQ or SNR 15l n one

enbodi neRt, ohiNkmFeedhRack ©R8t EQinbel/Rbnf@d1 MBYakave ot heyf ebfBti &8
shown in 720. In one enbodlnent bit2-bit7 700 of the Link Feedback

Control gghebe7Ods MBS he hESEEYSH td Rreng: aRbPLhamN Bhtko709ct@Y be
used to indicate whether there is/are other octets, such as octets

702 and/ gf;0¢f efi5e 7&25&%@09&@9&@&%@7%0 250/ ;3 QL 8o 7AGmn @AM 0T
octet(s) 706 and/ or octet 707, included in the conmand/ control frame

710 fol | B‘A'I:QEE£ h@réﬂﬁlﬁt%gadgécfnt%}merdolreegﬁfém?o&f tHd eemsa@oﬁfwt

bit0o 711 e used to indicate whether the command/ control franme
710 is a Llnk Feedback Request frane (data transm ssion
characteristic WD 2009/ 088364PCT/ SG2008/ 000483 request nessage) sent

by e LRANSHL {4 Glod ALl 0. Fesdiach BRRLY, ' EALR. (A3 Anlr anagl o5l on

characteristi ¢ response I’TESS& e recelver.

commanal £kt P61 1 ib#&@é Esﬁsﬁi el b HE R PBheb R roner
?npOdlnEQEteQ %6&-711t%aycommané/control frame 710 to indicate the size
| of measurément window in number of microseconds or milliseconds.
10-
in one embodiment, the command/contrel frame 710 may comprise

one octet 707 in addition to the Link Feedback Control cctetr 701

in the command/control frame 710 to indicate the LQI or SNR.

15 In one embodiment, Link Feedback Contrél octet 701 may have the

format as shown in 720. In one embodiment, bit2~bit7 708 of the
('; Link Feedback Control cctet 701 may be reserved. In one

embodiment, bitl 709 may be used to indicate whether there
is/are other octets, such as octets 702 and/or octets 703 and/or

20 octets 704, and/or octets 705, and/or cctet(s) 706, and/or octet
707, included in the command/control frame 710 following the
Link Feedback Control octet 701. In one embodiment, bit0 711 may
be used to indicate whether the command/control frame 710 is a

Link Feedback Request frame (data transmission characteristic
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to be 1 to indicate that the command/control frane is a Link Feedback
Reply franme. In one enbodi nent, Link Feedback Control octet 701 may

have t he 1GgoheyofBsssfs shown in 730. In one enbodi ment, dyyvsmbisiofosdd2
of the Link Feedback Control octet 701 may be reserved. In one

enbodi ment, bit2 713 nmay be used to indicate whether there is/are
ot her octets, such as octets 702 and/or octets 703 and/or octets 704,
and/ or octets 705, and/or octet(s) 706, included in 15 the

command/ copgh ol ¢ ffa® 5630 sbak! oW g the nlhak: Feedback, ;Ganteal,ock et
701. In one enbodi nent’, bitl 714 may be used to indicate whether

octet 707gis§;d Hded 4.n .t be ggﬂgﬁﬂ C fr - n
enbodinent,§%$?§§ 71% ﬁh? beause tgkﬁ% %gg%% Wﬁgﬁﬁgﬁg?ﬁggsg fiessage)
comand/ copt £ fhag d-Si8ek Nk, R - Sty 204 f dat a
transniss?on gﬁéfécteffs%igkfegﬁégﬁggggéggggyg?}ga%%ﬁﬁaggggbg%ksi%ﬁ$§
frame (da r M _SS] ristic.r age) .. Lo _pne
erbodi ente b1 65 7T e, ERSEENE osTiship BRERSE, RIREHS) o LEaR
command/ c ol fr [ i nk Feedhack. Request fr.ane...L.n_one
enbodrnen??é{ﬁ%?% ﬁ?§§eﬁgy%ﬁéh£éff 6”§beTb?§9mﬁQ§’ BEEE711"m2Y e set
2009/ 088364PRCT/.SG20Q8/.000483_.i ndicate that ,the co d/control _franme
is a Link"Eddtbacle RESTTFFah? | %aﬁ8m8688%$?ﬁﬁﬁ99 gg@ﬂmbﬂﬁ gf Link
bit3-bit7 Z%%?of %@F Li?k % Feedback Control octet 701 may indicate

i ndi vi duaf F5"53° 0 REP3Y th&%Bctets 702, octets 703, octets 704, octets
705, and octet(s) 706 is included in the command/ control franme 710
#pllomﬁng t he Link Feedback Control octet 701.

In one embodiment, Link Feedback Control octet 701 may have the

101 format as shown in 730. In one embodiment, bit3-bit7 712 of the
Link Feedback Control octet 701 may be reserved. In cne
embodiment, bit2 713 may be used to indicate whether there
is/are other octets, such as octets 702 and/or octets 703 and/or
octets 704, and/or octets 705, and/or octet(s) 706, included in

15 the command/control frame 710 followihg the Link Feedback
Contreol octet 701. In one embodiment, bitl 714 may be used to
indicate whether octet 707 i1s included in the command/control
frame 710. In one embodiment, bit0 715 may be used to indicate
whether the command/control frame is a Link Feedback Request

20 frame (data transmission characteristic request message) or a
Link Feedback Reply frame (data transmission characteristic
response message). In one embodiment, bit0 715 may-be set o be
0 to indicate that the command/control frame is a Link Feedback

Reguest frame. In one embodiment, bit0 715 may be set to be 1 to
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10 I n one enbodinment, the transmtter may include a comuand/ contr ol
frame (payload as shown in format 710) once in every |Ix' mcroseconds
or aperi odwaniobs/osasid t he receiver reply with a command/ ponscmbsdmwasae
upon reception of a command/ control frame after a fixed tinme period,
say for exanple SIFS (or later; 15 transmtter node is also able to
gi ve feedback to the receiver node). The enbodinent as illustrated in
FIG 7 is simlar to the enbodinent as illustrated in FIG 5, but in
addi ti on jallli ewBe 26n 4 eedhademnah@F Fid @] tt@amBCclude TiHEecabapaCKket By
received with error, nunber of packets |ost (determ ned using
sequence srgrbers and/ or fragnent nunbers), nunber of packets
transmtted to the recipient of the conmand frane, and neasurenent

wi ndow (nunber of m croseconds/ mlliseconds where neasurenents were
taken). WD 2009/ 088364PCT/ S&2008/ 000483 FIG 8 illustrates the

comand/ ganbhel efis SRRy, @adnhf91imais 1306-8¢Eor gl NG AHRNEink
enbodi nent. 51 n one enbodi nent, the conmmand/control frame (Link

Feedback rBeayesk écsza%l r&%@kyv@b%é&atﬁd&eaeénm&mm&hqaza%eshétéf?
request message) sent by the transmtter may have the format as shown

in frame tﬁéoocwt@nﬁnzen%%%%@nm t heceumapd/ coptLal FosamggLipket (s)

Feedback Reply frame, 'nanely the ‘data transmi ssion
706 is included in the command/control frame 710 following the

Link Feedback Contreol octet 701.

il
£

10 In one embodiment, the transmitter may include a command/control
frame (payload as shown in format 710} once in every '‘x’
microseconds or aperiodically and the receiver reply with a
command/control frame upon reception of a command/control frame
after a fixed time period, say for example SIFS (or later;

15 transmitter node is also able to give feedback to the receiver

node}.

The embodiment as illustrated in FIG. 7 is similar to the
embodiment as illustrated in FIG. 5, but in addition allows

20 feedback informaticn to include number of packets received with
error, nﬁmber of packets lost (determined using'sequence numbers
and/or fragment numbers), number of packets transmitied to the
fecipient of the command frame, and measurement window {number

of microseconds/ milliseconds where measurements were taken).
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10characteristic response nessage) sent by the receiver in response
to the Link Feedback Request franme may have the format as shown in

frame 710 wyvbhoulosssae octets 802. I n one enbodi Nmendg/4d?608/000483
command/ control frame 810 may conprise a 15Li nk Feedback Contro

field 801. In one enbodi nent, the command/control franme 810
transmtted by a transmtter nmay conprise two or nore octets 802 in
addition to the Link Feedback Control field 801 in the

command/ control franme 20 810 to indicate the device addresses of the
receivers that should respond to this conmand/ control frame

transm ttgg?,by% e ddansaLt gL - C&Hﬁn@/@%twlwa&& 196Ml €8rmats 800

addr esses e receivers are nentioned in the list 802 is the orde

in which they. le J e$RO & response Link feedback command
frame. W% dﬁ%?%g8364PCT SG201§?000483 The Device List field 802

shall not be included in a transmtted Link feedback command frane
810 addressed to a single recei ver (unicast address). The Device List

frelds802,208ld ddEldedohd Sl aRoELhEed: ik d S69hack.e8 ?c
frame 810 i f eédback conran rame 1s sent to nu
receiversp Of, W efrta?naer,‘ %”Sai{?c&é’ oML LLGRPLs A0 85 acteristic
request message) sent by the transmitter may have the format as
((”- shown in frame 810. In cone embodiment, the command/control frame
(Link Feedback Reply frame, namely the data transmission
10 characteristic response message) sent by the receiver in
response to the Link Feedback Request frame may have the format

as shown in frame 710 without the octets 802.

In one embodiment, the command/control frame 810 may comprise a

15 Link Feedback Control field 801.

fm! In one embodiment, the command/contrcl frame 810 transmitted by
a transmitter may comprise two or more octets 802 in addition to
the Link Feedback Control field 801 in the command/ceontrol frame
20 810 to indicate the device addresses of the receivers that
should respond to this éommand/control frame transmitted by the
transmitter. The order in which the device addresses of the
receivers are mentioned in the list 802 is the order in which

they shall respond with a response Link feedback command frame.

33



I n one enbodi nent, Link Feedback Control field 801 may have the
format as shown in 820. In one enbodinent, bitll-bitl5 805 of 10t he
Li nk Feedb®mokodsmsszwol field 801 may be reserved. |n onecarsmoismenss
bit7-bit10 806 of the Link Feedback Control field 801 may be used to
i ndicate the suggested data rate. In one enbodinent, bit3-bit6 807
may be used to indicate the suggested change of transmt power |evel.
15 The Link Information Field Request/Inclusion bit 808 shall be set

to ONE by,! he.senders Qf Aibeglifk fLedbaclk epmMmpdubeame, 810 whiGh thag
its Link Feedback Request bit 811 set to ONE if the sender is

requesti g%nﬁ he, Lignk. |l n%&ﬁ:@xtd O sl ! g B R sREea2Q o nE! d e ver

Link fee ck connand rame I n response to the transmitt Li nk
f eedback ¢ c?ﬂef‘s 10. ThEheD ik hnfQr mathan 8'6'2e|s‘i'1a11 be included
Request/lnc u3|on 808 shall be set to ONE

in a transmitted Link feedback command frame 810 if that Link
5 feedback command frame is sent to multiple receivers or more

than one receiver (multicast address).

{;. In one embodiment, Link Feedback Control field 801 may have the
format as shown in 820. In one embodiment, bitll-bitl5 805 of

10 the Link Feedback Control field 801 may be reserved.
In oﬂe embodiment, bit7-bitl0 806 of the Link Feedback Control
field 801 may be used to indicate the suggested data rate. In
one embodiment, bit3-bit6é 807 may be used to indicate the
suggested change of transmit power level.

15
The Link Information Field Request/Inclusion bit 808 shall be
set to‘ONE by the sender of the Link feedback command frame 810
which has its Link Feedback Request bit 81l set to ONE if the
sender 1is requesting the Link Information field 803 to be

20 included in any Link feedback command frame in response to the
transmitted Link feedback command frame  810. The Link
Information Field Request/Inclusion bit 808 shall be set to ONE
by the sender of the Link feedback command frame 810 which has

its Link Feedback Request bit 811 set to ZERC 1f the Link
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by the sender of the Link feedback command frame 810 which has its

Li nk Feedback Request bit 811 set to ZEROif the Link WO

2009/ 08836 MRCTH0S@2368/ 000483 I nformation field 803 is i ririsdedhsionodshe
transmtted Link feedback command frane 810. In all other cases, the
sender of the Link feedback comrand franme 810 shall set the Link

I nformation Field Request/Inclusion bit 808 to ZERO 5 The LQ Field
Request/Inclusion bit 809 shall be set to ONE by the sender of the

Link feedpagdereamuandsicage $J9 whi chnbasgdds 44 nkth%eeqeaﬁgmﬂeeé@stzlnk
bit 811 set to ONE if the sender is requesting LQ field 804 to be

incl uded §dL Ayl erf8e008CHK 1 0g GoMBNd, 1 1 a%héfl EQ%QQ“S%EO selBer of
transmtted L| nk f eedback command franme 810. The LQ Fi el

Request/| Stk bi o B3 ghaldsrhgnget £ g, ONEg té}%‘aﬁencgeert Oft Hhe 1,1 ny
Link feed ck conmman cf frame 818 V\EPCh as ﬂ\ls iI}?/nk Feedback Request H

?:’ ;ngﬁ’llt f]? r?%gsgegg E %%cg)en%"#a/ﬁl(?@flr <'3.I'T%1Il g?l.}oﬁchljlgjglg IZE cases,

t he sender of t he Link feedback conmand frane shall set the LQ Field
RequeSt/Inclusion bit 809 to ZERO. The Link Feedback Request bit 811

shal | be fﬁg ﬂd% g@EleRéggest(Inclusion bit 809 shall be set to ONE by

the sender of the Link feedback command frame 810 which has its
Qw; Link Feedback Request bit 811 set to ONE if the sender is

requesting LOI field 804 toc be included in any Link feedback

10 command frame in response to the transmitted Link feedback
command frame 810. The LQI Field Request/Inclusion bit 809 shall
be set to ONE by the sender of the Link feedback command frame
810 which has its Link Feedback Request bit 811 set to ZERO if
the LOI field 804 is included in the transmitted Link feedback

15 command frame 810. In all other cases, the sender ¢of the Link
feedback command frame shall set the LQI Field Requesti/Inclusion

bit B09 teo ZERO.

The Link Feedback Request bit 811 shall be set to ONE by the
20 sender of the Link feedback command frame 810 if the sender is
requesting a Link feedback command frame in response to the
transmitted Link feedback command frame B810. The Link Feedback

Request bit 811 shall be set to ZERC in the Link feedback
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20 sender of the Link feedback command frane 810 if the sender is
requesting a Link feedback conmand frane in response to the

transm tt eWQ308088¥ddback conmand frane 810. The Li nk FREH$GERIRS/000483
Request bit 811 shall be set to ZERO in the Link feedback WO

2009/ 088364ECT/ SG2008/ 000483 command frane 810 that is transmtted in
response to a Link feedback command frane received. I n one

enbodi nent, the command/ control frane 810 may conprise 5two octets

804 in addibnn tframee dinktheedbhack rGonrtmekehi alid 88dpdrikd heo a Link
command/ control frame 810 to indicate the LQ or SNR The octets

804 shal Irea@babr taghitdeFragepPaetéeBfed.he transmtted Link feedback
command frane 810 if its Link Feedback Request bit 10811 is set to

ONE. The octets 803 shall not be included in a transmtted Link
f eedback command frame 810 if the Link Feedback Request bit 811 in

that Linknf egdbagkesamamnd cheafBnhll icongeblt 8- NE. g1l oy, %ﬁpr_lse
embodi ment, the conmand/ control frame 810 may conprise a Link

I nforgrat icgR biebds 8% sl a@ﬂ@tf&p% et LihkNke b M ARIIQR hi ¢k dy 803
may have the format as shown in . I'n one enbodi nent, the octets

812 '”d'%@ﬁelﬁh@hé“ﬁﬁ%ﬂéﬂaDcBQQESi5%£é¥§1810 to indicate the LQI or SNR.

C“' The octets 804 shall not be included as part of the transmitted
Link feedback command frame 810 if its Link Feedback Request bit

10 811 is set to ONE.

The octets 803 shall not be included in a transmitted ILink
feedback command frame 810 if the Link Feedback Request bit 811
in that Link feedback command frame 810 is set to ONE.
15
In one embodiment, the command/control frame 810 may comprise a
(" Link Information field B803. In one embodiment, Link Information
field 803vmay have the format as shown in 830. In one
embodiment, the coctets 812 indicate the number of packets lost.
20 In one embodiment, the octets 813 indicate the number of packets
received with‘FCS error and with no HCS error.
In one embodiment, the octets 814 indicate the number of

correctly received packets.

36



20l n one enbodi nent, the octets 813 indicate the nunber of packets
received with FCS error and with no HCS error. |In one enbodi nent, the
octets 814 wodimasssét he nunber of correctly recei ved pagkmlsz20085000483
2009/ 088364PCT/ SG2008/ 000483 I n one enbodi nent, the octets 815

i ndi cate the nunmber of packets transmtted to intended recipient of
the command frane. In one enbodiment, the octets 816 indicate the
size of 5 neasurenent window in nunber of mnicroseconds or

milli Secoﬂg%neﬁe%\é'd%ﬁeﬁbattﬂ@%t\é%% g18i Nl f epdbagie agfmedcf r;?a[@cets

810 addressed to a unicast address (single receiver) and to th

devi ce W'&tt}thlsrxﬁtlt'eﬂk Ee%@@&&ed?%%%aemtoﬁléheseéon&r@ng\'%ﬁﬂ

respond wth a Link feedback command franme 810 SIFS or any ?lxed tinme
period after the reception of the received Link feedback comand

frame. The device shall include suggested transmt power |evel change
807 and qﬂ¥ ate,; thg e c fr 8 it
transmits q’re%poﬁggm%gta ré%é?%éggL?g€'¥h g%HE£Qh e 04P

5 measurement window in number of microseconds or milliseconds.

A device that receives a Link feedback command frame 810

iwﬁ‘ addressed tTo a unicast address (single receiver} and to the
device with its Link Feedback Request bit 811 set to ONE shall

10 respond with a Link feedback command frame 810 SIFS or any fixed
time period after the reception of the received Link feedback

command frame. The device shall include suggested transmit power

level change 807 and data rate 806 in the Link feedback command

frame 810 it transmits in response to a received Link feedback

15 command frame. The device shall include LQI field 804 in the
Link feedback command frame 810 it transmits in response to a

{”_ received Link feedback command frame if +the 1QI Field
Request/Inclusion bit 809 was set to ONE in the received Link
feedback command frame. The device shall include Link

20 Information field 803 in the Link feedback command frame 810 it
transmits in response to a received Link feédback command frame

if the Link Information Field Request/Inclusicn bit 808 was set

£o ONE in the received Link feedback command frame.
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15 command franme. The device shall include LQ field 804 in the Link
f eedback command frame 810 it transmts in response to a received

Li nk feedbawdkommssasyd frame if the LQ Field Request/ | ngtusémos/ioiss
809 was set to ONE in the received Link feedback conmand frane. The
device shall include Link 20 Information field 803 in the Link

f eedback command franme 810 it transmts in response to a received

Li nk feedback command franme if the Link Information Field

Request /1 gcl &Jéb%&ﬂsr{ 808 ves; Set Lo | Dodlieyd eELiNEdghbNkent to a
f eedback command franme. WO 2009/088364PCT/SG2008/000483 On reception

of a Li ”%&Pﬁ%@%ké)%%ﬁgd(&&% 210580010 8 Ml I 6ASTAAdLeSS device

(multiple receiver its device addressin the Device

List 802, .auedl o shal | presnonds af tod, Tespenses Lk { eedbagly wien

connand frame device sha i nc ude suggested

power Ofésp%*&%ﬁgeﬁr?}z af%%dﬂé&ﬁ r@ér@na%% eRafhe C;JiLo.”.k %g %g&}&kc%on‘&ﬁ&ﬁ

franme 81 transmis i'nresp a recelve i nk
comand fr

LonReRe itide Mﬁg‘é%% %P%'mmt{‘c' s LQy b %Ihgn§848b9 ,08EROP3e

rane ransnl sinre pOﬂSE

d k.101 .f Kk f th | d .
Roquest /1919 ueForthst 1505 heeTgark s ¢ty #%%31 rbvad LFWSM‘CS in
f eedback nmand f.r The d | de Link .l nf .
field 80FIFPHE M ?%%%C%v V'@%&EZ%@@& G P 5966 1 The *Bevice

he Ui nk T LY i BPhERT ot O8I oPhe Kiquifet ] FRol LS o SBPOPBDG. Wil sgeeraack

ONE in the received quﬁﬁkeedback command frane. The devi ce shal ,
transmt ‘%Cﬁ‘@aflg‘spfe ¥o o ARV G rdhd® § 4 Saf T r @ arBEFé‘ie‘%; %‘P\k

y: Tinme Res onse - pSIES + pSl ot Ti me(Pgsition

L| st)lo’x (ﬁeeeé%é‘ﬁ e 99 n1de 3‘8 nﬁﬁ%d?‘?éw@%& aﬁe&?eﬁtgg Ftor hie
B0% was set to ONE in the received Link feedback command frame.

The device shall include Link Information field 803 in the

response Link feedback command frame 810 it transmits in

response to a received Link feedback command frame if the Link

15: Information Field Request/Inclusion bit 808 was set to ONE in
the received Link feedback command frame. The device shall

(;_ transmit the response Link fzedback command frame after a delay

given by:

Time to send Response = pSIFS + pSlotTime + (Position 1in
200 Device List) x (response Link feedback command frame

duration + pSIFS)
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WO 2009/ 088364PCT/ SG2008/ 000483 Tinme to send Response is cal cul ated
fromthe end of reception of the received Link feedback command
frame. Possvdbmomwsdsses of Position in Device List in Li pkrfsendisacdss
command frame are in the range [0, N-1], inclusive. 5 The Duration
value in a transmtted Link feedback conmmand frane shall cover the

Li nk feedback command franme as well as all the expected Link feedback
command franes in response to the transmtted Link feedback conmand

frane-_FofiﬁérfﬁﬂggﬁﬁeREE?gn;Q {gedback sceAMRRELf EABB.AMals I Soception of
transmtted in response to a received unicast Link feedback cormand

frame, thg,Durablofedi ehdyi SrlatgRrbYdiiGnbol #Mid10 sguatiQn.
Dur ati on =:%£rat%onevalée in receive Oﬁﬁhﬁ f eedback connangplga ?%%EOE
- (receivgd Li;nk feed d; frame, bedy L anspLSsl j.oe+ :
pSI FS) -]$%§%%hse:ﬁ?ngéiéggbac c%nna%%kf?gneﬁégangkgééggn%%?ﬁ% gre
response L f eedhack,;co! fr body transm ssion tinme 20 For a
response %ﬂ%ﬂ%apggdggéchgqggﬁllﬁfggg'that is transmtted in response
to a geceived multicast Link feedback command frame, the Duration
field"is given by the foll ow ng equati on.

WO

20091088364PCT/ SG200810Q0483 Dur ation :, Duraf | | ye. | i

Li nk fee ec%lcrézl%m%r?d K gﬁﬁe 1 ?Ia%er?\glg%il F%ia‘f[*’le@gb “g‘% gaoclrﬁ:ac:?g“%lea:n\ée rame

body t i.ssion tinme + pSL.FS + pSlotTine +. (Position in.list i

i ved TI 1 o8 fac e Grind FPRRER. ¥OTFRAPORSETEI AR FEbbbASK:LL the
d f fi, t ission tinme + pSLES)) - Li nk feedback

Comand (PHRE E anabei SRORTHE + ST oL ERARST ochib ol R Rande.  he

f'rame body transmi ssion ti
eQansttteg. Link Pgedback command frame. For a response Link

10 feedback command frame that is transmitted in response to a
received unicast Link feedback command frame, the Duration field

is given by the following eguation.

Duration = Duration value in received Link feedback command
15 frame - (received Link feedback command frame body transmission
time+ pSIFS) - response Link feedback command frame transmission
ng time + responsé Link feedback command frame body transmission

time
20 For a response Link feedback command frame that 1is transmitted

in response to a received multicast Link feedback command frame,

the Duration field is given by the following equation.
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I n general, enbodinments as illustrated in FIGs. 3, 5, 7 and 8 . 10
are based on command/control franes and allow for rate and power
control toweeebsessat the transmtter side. The proposegcEShRIRH483
(FIGs. 3-8) cater to channels with | ow coherence tine. The variable
"X'" may be left to the inplenenters. Typically Ix'" nmay be decided at
the transmtter side based on the past neasures in 15; terns of SNR
or packet error rate as fed back fromthe receiver. The size of the
payload of, LG Rr 0PA3PL: IS ARRS lf PP 88 J IRk Lr OB OF | lralom
the transmtter side and up to or 4 octets (for enbodi nents shown
in FIG. 3- or . enad i sELG
7 and FI (fra%e fr(g%g?%‘geéeﬁclg}k\%gs 8%?5%%@{&1&“ ua?}ﬂgg?éeé%n powéIESl
control strateg t he itter left, . L ;
(Sever al érlfﬁeega 5?%&%?%{)& rg?fe gct(igé;rr%%/t Ogjselg %ﬁgg@fg‘%ﬁﬂ Tnk
avai lable.in.the literature). ,The ,proposed .sche a t
future vefresaid(?ﬁ § %of: OJFE?E'I‘:‘% S%tf)’rf i vapiﬁ&ﬁﬁééég P@%@%Sﬁp@%ﬁ fk/&@e
| EEE 802.15. 3b .MAC, | EEE 802. MAC, |1 EEE._802. 15, C and ot her
ol evint NREIBAOCORBI G T HSIESTS SHORSE S Gftint SaEr T daied 000
accordi ng_to one 5enbodjnent.. In one enbodi nent, the comunication
R S R S T s TS T S S R Y
and a deter 'ning circuit 903. 10 In one enbodi ment, the sending
circuit Y STEBRPLETHEY BF%end, in a superfrane, a plurality of
frames and a plurality of data transm ssion characteristic request

&pssages to a receiver for requesting data transm ssion

characteristic information from ,
In general, embodiments as illustrated in FIGs. 3, 5, 7 and 8

1) are based on command/contrel frames and allow for rate and power
control to be done at the transmitter side. The proposed schemes
{FIGs. 3-8} cater to channels with low coherence time. The
variable ‘x’ may be left to the implementers. Typically *x' may
be decided at the transmitter side based on the past measures in

151 terms of SNR or packet error rate as fed back from the receiver.
The size of the pavload of the proposed frames may be as low as

(  1 or 2 octets from the transmitter side and up to 3 or 4 octets
{for embodiments shown in FIGs. 3-6) or up to 2 to 14 octets
(for embodiments shown in FIG. 7 and FIG. 8) from the reéeiver

200 side. Actual rate and power control strategy at the transmitter
may be left to impleﬁenters (Several rate and power control
schemes based on SNR/LQI are available in the iiterature). The

proposed schemes can apply to the future versions of IEEE 802.11
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15t he receiver, wherein the data transm ssion characteristic request
messages are conmand/ control nessages. In one enbodi nent, the

recei ving 6VoewposBeR is configured to receive, in the PTER0WI000430
plurality of data transm ssion 201 characteristic response nmessages
i ncluding, data transm ssion characteristic information fromthe
receiver in response to the data transm ssion characteristic request
nmessages wherein the data transm ssion characteristic response

nessages e GaawBRE,LCoBt £0lyAresS2geSe0o WD 3¢ MAC, IEEE 802.15.4 MAC
2009/ 088364PCT/ SG2008/ 000483 1 n one enbodi ment, the determ ning

circuit 903 i3neontLopled: v delekl-aes, fromthe data transm ssion
iCi at 'l

characteristic information, east one data transm ssion
characteristic. 5 In one enbodi nent, a conputer program product is
provi ded, wherein, when the conputer program product is executed by a

conput er, , the conpuLer Eérﬁgjr?i@a@i%ﬁ“%vﬂ@é(e%%& (*ﬁcc%%% efopggiorma

met hod for determning-a ta transm ssion aracteristic, wherein
data are traéraslrmrie%%_'ed in at |east one superfranme, wherein each

super rarFembls configured to transmt a

In cne embodiment, the communication device 900 comprises a
{”ﬂ sending circuit 801, a receiving circuit 902, and a deterﬁining

circuit 903.

10
In one embodiment, the sending circuit %01 is configured to
send, in a superframe, a plurality of frames and a plurality of
data transmission characteristic request messages to a receiver
for requesting data transmission characteristic information from

15 the receiver, wherein the data transmission characteristic

request messages are command/control messages.

In one embodiment, the receiving cirﬁuit 902 is configured to
receive, in the superframe, a plurality of data transmission

200 characteristic response messages including data transmission
characteristic information from the receiver in response to the
data transmission characteristic request messages wherein the
data transmission characteristic response messages are

command/control messages.
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plurality of franes, the nethod conprising: sending, in the
superfranme, a plurality of data transm ssion characteristic request
nessages twoaosxmessder for requesting data transm ssi OrPCT/SG2008/000483
15characteristic information fromthe receiver, wherein the data
transm ssion characteristic request nmessages. are conmand/ contr ol
messages; receiving, in the superfranme, a plurality of data

transm ssion characteristic response nessages including data
transm ssion characteristic information fromthe receiver in 20i
response to the data transm ssion characteristic request nmessages

wherein the data transm.ssipn ¢haracteristi.c resp e nessages._a
connand/ggn?PSIe%%%s%ﬁ%%f ag?e$%¥%?ﬁﬂgnﬁrSﬁfFﬁﬁédﬁggJf?g ?ng éf%%%m
characterjstic.information, .at_|east aqne.data transm.ssi.on

char act ePPLEFE ey F0007 038963 T SEI004 P DOBABAT T igie ‘enbodi ment, a
met hod of allow ng |Iink. feedback usi ng command/ control franes, between
two devi CBEOFESHIGRA il LSRRG MER HAF T GTRPCET AT OBl TG ERE LS.
transmtter to include a 5conmand/ control frame every 'x' ps (or at

| east’ once in every 'X' ps or aperiodically) and/or at the beginning
of frame _transactions; allowing the receiver to reply with a

command/ é8nPR8I SR AHESHYoNn 2 r 8B TN PFOIZARORFRINRFY o PrEer 1 Eme

after a fixed period of tinme which may for exanple be SIFS. 101
wherein, when the computer program product is executed by a

(M: computer, the computer program product makes the computer
perform a method for determining a data transmission
10 characteristic, wherein data are transmitted in at least one
sﬁperframe, wherein each superframe is configured to transmit a
pluraiity of frames, the method comprising: sending, in the
superframe, a plurality of data transmission characteristic
regquest messages to a receiver for reguesting data transmission
15 characteristic information from the receiver, wherein the data
transmission characteristic request messages are command/cqntrol
(: ﬁessages; receiving, in the superframe, a plurality of data
transmission characteristic response messages including data
transmission characteristic information from the receiver in
200 response to the data tranmsmission characteristic request
messages wherein the data transmission characteristic response
messages are command/control messages; determining, from the
data transmission characteristic information, at least one data

transmission characteristic.
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I n one enbodi nent, the nmethod of allowi ng |ink feedback further
conprises allowing the transmtter to include the payload of |ink

f eedback comdrmbosastet; and all owi ng the receiver to rempcy/serods/ovdags
payl oad of |ink feedback control octet, information 15; about nunber
of correctly received packets and informati on about LQ/SNR In one
enbodi ment, the nethod of allowi ng |ink feedback further conprises
allowing the transmtter to include the payload of 20 |ink feedback
control octet; and allowing the receiver to reply with the payl oad of
| i nk feedback control octet, information about data rate and

i nformati

bout .tra 1t | | A .
2009/ 08833‘5‘1#?91&}0 qﬁ&@@%%as@ 2 hé’r?g\ég % ?ﬂn‘gﬁ?,l%e fesdRagkopsing
I'lowing |ink feedback . furth i ing .t
et o Hame SRR o SEPEE SRTRELSERa g ML S D8 BYENERDCRL |
t itter to include.th | oad | ink feedb | octet,
e i a2 haT Vet Phe LRGARERACK £ORL Bua 08t ©

information abou} L%IF/ ENR; and allowi ng th receilverstt onrepl.%{ V\4Tet h
the pdyl o 4/ G0 HE&dbARR® Bt ol “oct'Bt | °F nforiatiof"abott Riifber
of corr eCt‘;l{‘y ]Isecoerl \é%grgggli(géflya}n%nldr}];gr g%lt tlzl'?g lz?ebgoiur}ni%g /O§N§i':ame

transactions; allowing the receiver to reply with a
(- command/control frame upon reception of a command /control frame

after a fixed period of time which may for example be SIFS.

10:
In one embodiment, the method of allowing link feedback further
comprises allowing the transmitter to include the payload of
link feedback control octet; and allcwing the receiver to reply
with the payload of link feedback control octet, information

15; about number of correctly received packets and information about
LQI/SNR.

“ In one embodiment, the method of allowing link feedback further

comﬁrises allowing the transmitter to include the payload of

2() link feedback control octet; and allowing the receiver to reply
with the payload of link feedback control octet, information

about data rate and information about transmit power level

change.
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10( I'n one enbodi ment, the nethod of allow ng |ink feedback further
conprises allow ng the exchange of |ink feedback between the

transm tt ewwoaog/ksse4r ecei ver; allow ng the transm tter HGI/SGr00800@IsE he
payl oad of |ink feedback control octet, information about data rate
and information about transmt power |evel 16; change; and all ow ng
the receiver to reply with the payload of |ink feedback control

octet, information about data rate and information about transm:t

P eeaback sPRD S SSHMRG) SORLPOIT s et vaart (Y dovagk Faroher

f eedback 0 I anes wo devices IS

provi ded, the, nethod canprising; .allow 1 I t smt
a commanfPEBREPSF 3T n@véﬁ? g§<¢h?ﬁ 5t c?sr%g%%ﬁgs%%?&%%e% :b(;%&ﬁtgg |§ﬁ§

al l owi ng the receiver reply with a_comrand/gcontrol_ f.r on
recept i or’erPSTﬁlEB‘?ﬁeFr{ﬂi} 35‘& ES¥Q1‘Y%% aacltogl;ng Ilg?edraﬁsrrrgelt%g?i gg VO
2009/ 088364PCT/ SG2008/ 000483 i ch be.for_ex I | FS, -al ] ow
Che exchafGeost FrniPagdtach bEtcREHREX: PRRERTT LT Shta trigrnatidtd
receiver; allowing the transmitter to includ he yl oad of .lin

f eodbick <B6HE L SEMGRE G, SPARSIRbY | G0, PRUTBEF B1C HEEsra tF B oot
with error, 5i information about nunber of packets ]Jaqst, info Prrr%gi o)
about nuAR&rSBR; pardk etld ML BASHRE t BFT T A& Or EBPHY e‘?’ﬂtrbfthtangaé'ﬁ) n
franme, information about measurenent. w ndow, i nformation abogt number

of packetldn¥ofeededsk [CEPETPEdOCEPE | HFGTMREEOR APYUt NRSEQPE and

allowing the receiver to reply with the fpayl oad of
{ p correctly received packets and information about LQI/SNR.

10+ In one embodiment, the method of allowing link feedback further
comprises allowing the exchange of link feedback between the
transmitter and the receiver; allowing the transmitter to
include the payload of link feedback control octet, information
about data rate and information about transmit power level

135i change; and allowing the receiver to reply with the payload of
link feedback control octet, information about data rate and

(“- information about transmit power level change.

In one embodiment, a method of allowing link feedback using

%) command/control frames between two devices is provided, the
method comprising: allowing the transmitter to transmit a
command/control frame every ‘x’ microseconds or aperiodically:
allowing the receiver to reply with a command/control frame upon

reception of a command/control frame after a fixed time period
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O l'ink feedback control octet, information about nunber of packets
received with error, information about nunber of packets | ost,

infornatioawﬁggﬁk&ﬂﬁpber of packets transmtted to the rggiQi6@ioonks

t he conman rame, 1 nformation about measurenment w ndow, 1 nfornmation
about nunber of packets correctly received, and information about
SNR/'LQ . Wile the invention has been particularly shown and
degcribeddm%th reference to specific enbodi nents, it should be
understood by those skilled in the art at .varj.ous_changes i.n.form
and 20, dokain 5 5 o CABE o 1 haRdSHEBRr E T TP BEn 8 "ok ok of
the invention as defined by the appended claips. The scope.of the

| nvent onfrashafs RRER Sheny i Enasd Cha) FRCSnG | FICRERBESThS
e ovat e T3 bla e Ao L 1P K055 LRl ™
2009/ 088364PCT/ SG2008/ 000483 In this docunent, the follow n

docunent soaker ci kndprmation) abeyl RRRETECHAPEEEC T #i TrFTME Uﬁgpaerror,
W deband PHY and MAC 5Standard, 2nd Edition_/ Decenber 2007. 2.

W Medita MNE Retaisn BRoutpDRerpe bt e Pagkgitaml A8 E estP EMta61o™ RREYEf or
Wrel ess Networks, Dec. 2005, http://ww.w nmedi a.org/en/index.asp. 10
3. Kar st emuSedivfetpaciets tPro#PE LR SoAGapt AeFbRlet \WAVEdea command
Consi dering Tine Variant UB Channel s, in Proc. PINMRC 2007.

frame, information about measurement window, information about
{w number of packets correctly received, and information about
SNR/LQI; and allowing the receiver to reply with the payload of
it link feedback control octet, information about number of packets
received with error, information about number of packets lost,
information about number of packets transmitted to the recipient
of the command frame, information about measurement window,
information about number of packets correctly received, and

15 informaticon about SNR/LQI.

(" While the invention has been particularly shown and described
with reference to specific embodiments, it should be understood
by those skilled in the art that various changes in form and

2¢)  detail may be made therein without departing from the scope of
the invention as defined by the appended claims. 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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4. Wreless Medi um Access Control (MAC) and Physical Layer (PHY) 15
Specifications for High Rate Wrel ess Personal Area Networks (WPANs),
| EEE 802. 1%&%{}9/8&9& 5. G J. Foschini and Z. M lj?@ff§@2déé}()00483
sinpl e di stributed autononous power control algorithmand its
convergence", | EEE 20Trans. Veh. Technol ., vol. 42, no. 4, pp.

641- 646, Nov. 1993. 6. J. Zander, "Distributed cochannel
interference control in cellular radio systens", |EEE Trans. Veh.
Technol ., vol. 41, no. 1, pp. 305-311, Mar. 1992. WO

2009/ 088364PCT/ SG2008/ 000483 7.D. Kim "Rate regul ated power control
for supparti flexible transmission in future COVMA nobi|e networks",
| EEE J. S& Fgg\ﬁe%\%c%‘?ﬁﬁm.t, ey Pif‘i‘?%n%&“%f“e}.’iﬁs @%%-‘blfﬁé'way 1999.
58. K. Leung, "Power control by interference predictions for wreless
packet networks,"” | EEE Trans. Wreless Commun., vol. 1, no. 2, pp.
256- 265, Apr. 2002. 06/07 '09 12:27 FAX 0262853929PCT( AU) Z005

PCT/ S02008/ 668783 ReediArci§816H3gheRPppd ltra Wideband PHY dnd MAC

5 Standard, 2™ Edition / December 2007.

2. WiMedia MAC Release 1.0, Distributed Medium Access Control
{w; (MAC) for Wireless Networks, Dec. 2005,

http://www.wimedia.org/en/index.asp.

10
3. Karsten Schoo et. al., “Prompt Rate Adaptation in WiMedia

Considering Time Variant UWB Channels”, in Proc. PIMRC 2007.

4. Wireless Medium Access Contrel (MAC) and Physical Layer (PHY)
15 Specifications for High Rate Wireless Personal Area Networks

(WPANs), IEEE B62.15.3b, 2005.

5. G. J. Foschini and Z. Miljanic, “A simple distributed
autonomous power control algorithm and its convergence”, IEEE

20 Trans. Veh. Technol., vol. 42, no. 4, pp. 641-646, Nov. 1983,

6. J. Zander, “Distributed cochannel interference contrel in
cellular radio systems”, IEEE Trans. Veh. Technol., wvol. 41, no.

i, pp. 305-311, Mar. 1992.
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Clainms What is clainmed is: 1. A nethod for determ ning a data

transm ssion characteristic, wherein data are transmtted in at

| east one sppesdoseg¥es Wherein each superfranme is confi guicatkd2008/000483
transmt a plurality of frames, the nmethod conprising sending, wthin
the superframe, a plurality of data transm ssion characteristic
request nessages, each request nessage addressed to at | east one
recei ver for requesting data transm ssion characteristic information
fromthe at |east one receiver, wherein the data transn ssi

char act er7|a'st i ?'r g@{ﬁ‘est ﬁ%%s%eggéisla&eg Bﬂ‘ée5rc%rre°%c5rr%§a%g]p§$r€%hrﬂ rol
nmessages, ! .. .receiving, wthin_the superfrane,. a plurality a
T anon SSEHIDIE: SePbPRLET IO depohea et liy el aaehE P s Pomf Y
transm ssion characteristic information fromthe .a east

recei ver 391 é4567s EFBE e vc?Qt‘a 151|'iaﬁ§m' é‘si%‘ﬁ‘ Ehns r‘égberﬁgf(iqg&%ge'quest
messages wherein the data transm ssion characteristic response
nessages are one or nore conmand or control nessages; wherei n data
transm ssjon conprises the transmssion of a plurality of data
packefs dhd i £-caPEPred otRVsKiGrgtarl| B&s’cn%%fp@c‘%ﬁﬁ?&nPésFF%W?%kﬁor4 8

06/ 07 '09 12: 27FAX 0262853929PCT ( AU ) V11006
wireless packet networks,” IEEE Trans. Wireless Commun., vol. 1,

no. 2, pp. 256-265, Apr. 2002.
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PCT/ S02008/ 000483 Recei ved 16 June 2009 wherein the data transm ssion
characteristic information includes information about a nunb
packets correctly ' received or a nunber of -packets received Ct]%GZO(}S/OOMSB
error or a Signal to Noise Ratio (SNR) or a'Link Quality Inf&eﬁ‘ﬂf‘?dow une 2009
(LQ) of the at | east one communication |ink; and determ ning, from
t'he data transm ssion characteristic information, at |east one data
transm ssion .ghaimcteristic.. 2. The nethod according-to claim1,
where n each data transmi ssion characteristic request nessage

i ncl udes dat awh&ansmesahasd gharacteristic information of a
transmtter or froma transmtter. 3. The nethod according to clai m

1, wherein sels of twometharferfdarmmiaifgtd arss tdednWeiiin the
superfrane, and wherein at | east one data transmi ssion characteristic
request rressa@‘éﬂﬁasﬁ@éﬁﬁtb@f sherefre datansne sdsasmDfte@agh set1cakrt he
two or nore franes. 4. The method according to any one of the clains
1 to 3, wheref tHECHATAGr AHEHP LS QHFNChERISrent st conbimest messages

are sent er|0d| cal Wit hin.the superfrane.
P nsmlkya plurgllty of é%amea, the method comprising

sending, within the superframe, a pluraliﬁy of data
transmission characteristic reguest messages, each request
o o messagg addressed to at least one regeiver for reguesting
data transmission chaxaéteristic information from the at
least one receiver, whefein'the data transmissioﬁ
characterlstic request messages dre one or more command oL
control messages;:
receiving, within the superframe, a plurality of data
transmission charactera_stlc response messages including
data transmission characterlstlc information from the at
least one receiver in response to the data transmission
characterlstic request messages whérein the data

transmission characteristic response messagdes are one or

Pt

more command or control messages;
whérein data transmission compr:.ses the transmlssunn of a
.plurality of cdata packets and i5 carried out u51ng at least

one communication link;
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Received 16 June 2009 5. The nethod according to any one of tg@g{SG2008/000483
claims 1 to 4, wherein a data transm ssion characteristic rggﬁl ved: 16 June 2009
nmessage is Sent at |east once during each predetermn ned peri FEVRY

interval within the superframe. 6. The nmethod according to any one of

the clains 1 to 5, carried out by a transmtter, the transmtter and

the receiver be - | §£ n.devi ces according to WM .
~spgci fication. *%&#%;mngtﬁ%% ggg%sfm Sﬁgof‘o‘:%ﬁ?c&ﬁﬁlﬁ?wt ABLRImEtHSNL t O

. ey e fe

6, wherein thenetBichs 1aRs M SSIAN2SHAr ac %ﬁé& o, BES “egtga.t Fgf%atggsaﬁ

medi um access control |ayer nmessages. B. The neth ‘o y

one of the claeemivkd 0r7a number of packets received with error or a
Signal to Noise Ratio (SNR) or a Link Quality Information
(LOI) ‘of the at least one communication link; and

determining, from the data transmission characteristic

informatien, at least one data transmission characteristic.

2. The method according to ‘claim 1, wherein each data
transmission charactexistic request message includes data
transmission characteristic iuformatioh of a transmitter or

from a transmitter.

3. The mefhod acco;ding.to cléim 1, wherein sets §f two
or moere frames are'transmitted within the superframe, and
wherein at least one data transmission characteristic
request message is sent béfo:é the transmission of each set

of the two or more frames.
4. The method according to any one of the claims 1 to 3,

wherein the data transmisslon characteristic request

 Messages are sent periocdically within the superframa.
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wherein the data transmni ssion characteristic response nessages are
medi um access control |ayer nessages. 9. The nmethod according %8 ?ra/
one of the claims 1 to 8, wherein the data transm ssion T/5G2008/000483
characteristic request and response nessages include i nf or maReesiverdp June 2009
setting the power level of the data transm ssion. 50 06/07 '09 12:27
FAX 0262853929PCT( AU) 21008 PCT/ S&2008/ 000483 Recei ved 16 June 2009
10. The met hod,acogfdindgnbQ. AL f the clains 1 to 4, wherein
data transnission characteristi ggglg%%gsfnﬁe%’teaﬁést%ﬁ Sladpt 1 to 4,
aperi odi cal | ywitétdim at B8t S URGIERLAEE: onl & met hod according to any
one of the clains 1 to 10, wherein the. 83{‘%&[&%% i FEAPRSL message
characteristiésraguest hesst @3RONGS MBS 8NPSRSt MIS Lof or mation, for
setting the.data rate of the data transm ssi%gn., %gﬁmfaep%'oﬁlba
according to BHYe dm&esfal heitbliai tise buperddanewherein the data
transm ssion characteristic information further includes information
about suggested data rate, information about suggested transmt -
‘power | evel c%an_g«;i1 i nformati on about  nunber of, packets | ost,
i nformation about "RANBETRE 2paRkENg te aamshioneedlf tihet bEaivechpteny, of
the command of r frame, information about neasurenent w ndow,
and details abaor&?%m?%% bcﬁlat REARSIESERRL it ABoRAmither sarghsbeed dat a

rate, the suggeshed tyay r..Lhe nymber of packets received
with error, the nunber oié chet Séait(%g?1de[v&ge%mdb¢g fac Hédedia

transmtted tapekheiceeidgi.ent of the comnmand-or control frane, t he
{rréasurerrent wi ndow, the nunber of packets correctly received, and the
Signal to Noise Ratio (SNR) or :

7. The method according to.any one of the claims 1 to 6,
- wherein the data transmission characteristic request
messages are meadium access control layer messages,

B. The method aceording. to any one of the claims 1.to 7,
wherein the data transmission characteristic response

- messages are medium access control layer messages.

4

QM. 9. .The method according to any ‘one of the cla;ms 1 to B,

wherein the data transmission characteristic reguest and

response messages include information for setting the power

level of the data -transmission.
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02008/ 000483 Recei ved 16 ‘June 2009 Link Quality Information o
(PE-(S/)S is included in the conmand or control frane. 13. The netPMel/SG2008/000483

according to any one of the clainms 1 to 12, wherein the tran%?ﬁei\'leérlﬁJHFGZOOSJ
transmts a command/ control. frame or a data transm ssion _ |
characteristic request nessage every ,x' us or at |east -once in every

"X' us or aperihodi cal lpyg .0 begi nnij ng of frame transactions
within the guégrf rane Tgﬁdﬁ% eO% gg%?r\/ 9 EDI s ot t 9 Sheopaimg/ doner ol

franme or a daua HansH SgLen aractari.sti c response nessage upon
r(raCepti on of aacorrmand / cont rtgllg %lragrrsgmgr&%arra gﬁgﬁ?t%ﬁﬁﬁ%ﬁ fter a

fixed period oéstdges mgcmmﬁpm{oﬁ@ﬁfpﬁmﬂﬁh&{é shy te%e frn%lr-re.
Spacing (SIFS). 14. The nethod according to any one O Cl'ains
|"to 13, wherein the tine to send a data transmi ssion characteristic

Sé ice i dat'a transmi ssion
response nessgge by a device in response to a :
chalroact eristi E?T equest Thegsdagedaitardthe teearipindiost gﬁ:e datedms 1
i-Ssion characteristic request message is given by,
tranSﬁ1 tDEYo, wherein the data transmission characteristic raguest
and rESpDnsg'messagES‘includé information for setting the

datd rate of the data transmission.

12. - The method according to any one of the claims 1 to
11, wherein the data transmission characteristic
;nformation'further includes information about sugqested
data rate, information about suggést@d tranamit power level
change, infdrmation about number of packets lost, |
information about number.of packe;s transmitted to the
recipient of the command or contr§1 frama, information
about measurement window, an& details about which of the
information about the suggested data rate,_the suggaested
(- ’ transmit powér, the nunber of packets receiﬁed with error,
the number of packets lost, the numﬁer of packets
transmitted to the recipient of tha command or control
frame, th;a measurement window, thé number of paokat‘s

cérrectly_ received, and the S:Lgria]_. to Neise Ratio (SNR) or
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pSIFS + pSIOTi M + (position value:in a device list) m (Command
frame duration of the data transm ssion characteristic responI§8
message PSIn)y 52 06/07 '09 12:28 FAX 0262853929PCT(AU) U010 _TC178G2008/000483
PCT/ SG2008/ 000483 Recei ved 16 June 2009 wherein pain and pSRefciiedd6 June 2009
may have the values as defined by the ECVA standard. 15. The nethod -
according to any one of the clains 1 to 14, wherein a data

transm ssi on Qhakagh&riSt AL SR e sage. transnifted in response
to .a data transni ssi olnt?tcﬁar act grglﬁ.s{@rg uESRE sHY dPRoRPIANESs a

duration fiel dmibhteoldyiranepn val ue that is given by a duration
val ue included in the data transm ssion characteristic request -

nmessage - (command franme body transm ssion tine of the data _
transm ssion characteristic request nessage + pS1FS) - command frane
transni ssi on #Pme of Thisemether wransMimsitonashahacserdnst bEa [RSAORSE
nmessage + co nd frame body transm ssion tine of the data

transm ssion charfREinsthe 1eesohstemdseage.ts a command/control

 frame or a data transmission characteristic request message
every ‘x’ yus or at least once in every ‘x’ ns or
aperiodically or at the beginning of frame transactions

Within the superframe and the reseiver replies with a

LN
© 4

command/control frame or a data transmission characteristic
LeSponse message upon reception of a command /control frame
or @ request message after a fixed period of timé which may

for example be Short Interframe Spacing (SIFS).

14. The method according ﬁo any one of tﬁe claims 1 to 13,
wherein the time to send a déta trénsmission characteristic
respdnse mgssage by é device in response to a data
tran;mission-characteristic requesﬁ megsage after the

( ' | . receipt of the data transmission characteristic requést

messaga is given by

PSIFS + pSlotTime + (position value in a device list) x
(command frame duration of the data transmission
characteristic response message +lpSI?S}
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wherei.n pSIFS my have the val ue as ‘defined by the ECVA standard. ‘
16. The net hod aceording to any one of the clains =1 to . 15, I
a data transm ssion characteristic response nessage transnit%?@ﬂfgéadb&@00483
response to a data transnission 53 06/07 '09 12:28 FAX eceived 16 June 2009
0262853929PCT( AU) Ron PCT/ SG2008/ 000483 Recei ved 16 June 2009
characteristic request nessage conprises a duration field with a
duration value that i's given by a duration value included in the data
transni ssion characteristic request nmessage -(conmand frane body
transmni ssi on tWhfAxedn P&E_ﬁdalna bS BRI Tne ShHN h%béfﬁ?é QLbsLlCd %%glest
nmessage + pSIFS + pSlotTinme + (position valuein a list int ¥l a
transm ssion &ﬁhﬁﬁ@tggm%tﬁhﬁndaqmest message) x (command frane
transm ssion tine of the data transm ssion characteristic response
nmessage + p$1lPS)) - command franme transmission tine of the data
transm ssion q&aractg{istic'rgs onse nessage + command franme body
transnission tite of e GAPE t3SHPERHLRE | ion 2o arec DET Eisd ica al@S PORSE

nmessage whereiin p an ot Ti.nme pay have the val ues as defined by
the ECN%‘stan&gfdgigg%f% q Bg%a transmmsé&on characteristic response

message transmitted in response to a data transmission

éharacteristic request message comprises a8 duration field

with a duration value that is given by

N
¢

a duration value included in.ﬁhe datartransmission
characteristic reqqeét message - (command frame bo&y
transmission time of the data transﬁission ctharacteristic.
request message + pSIFS) - éommand frame transmission ﬁime
of the data transmission characteristic response meésage +
command frame body transmission time of the data

transmission characteristic responde message .

whe;ein PSIFS may have the value as defined by the EcMaA

standard.

16. The method according to any one of the claims 1 to .
18, wherein a data transmission characteristic responée

nessage t:ansmitﬁed in response to a data transmission
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17. A comruni cati on device conprising a sending circuit configured to

send, in at |ea-st a superframe, each superfrane being confi 9?@95&2%08/000483

transmt a plurality of frames, a plurality of data transms .
characteri s!t[)i C requ)e/st nmessages within the superfrane, eaclh E?f&\.éegtlﬁj‘mezow
nmessage addressed to at |east one receiver, for 54 06/07 '09:-12:28
FAX 0262853929PCT (AU) (21012  PCT/ S02008/ 000483 _Re](c:el Ve?i éﬁ }]lrjgﬁq "
uest i FadattetiAIST-ES r i nf or mat, from:
tzﬁggl reggt ‘onercrglecei ver, V\herg{?%%ihgggé?% ?Pgﬁéinﬁ%ss’s?o‘%“ﬁ&f’acf%ﬂdstl c
request nessagéshasedwresion vEANR Qag’_erajyd el rol messages; a
receiving circuit configured to receive, wthin the superfranme, a
plurality of data transm ssion characteristic. response nessages
i ncluding data transni ssion characteristic information fromthe at
['east one rec@i YBFa%iPTY ¥spbpsaalydetidirdana daanNemhssiidR1on

characteristi GhLE, Lgcest, messages wherein .the data transmni ssion

characteristiC Tesponse rBstHyest afessewe vfcommead commentdogy control -

WESS&9¢S3 ‘transmission time of the data transmission characteristic
requgst message + pSIFS + pSlotTime + (pdsitioﬁ value in a
list in the data transmission characteristic request
message) x {command frame transmission time of the data
transmissiog characteristic response mesgage + pSIFS)) -~
command frame transmissioﬁ time of the data transﬁission
chéracteristic response message + comwand frame body
Lransmission time of the data transmission characteristic—

response message

wherein pSIFS and'pslotTima may have the values as defined

by the ECMA standard.

17. . A communication device comprising

a sénding circuit configured to send, in at least a
superframe, each superframe being configured to transmit a
pluralit? of IZrames, a plurality of data transmission
'characﬁe;istic request messages wiﬁhin thé'superframe, each

request message addressed to at least one receiver, for
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a determning circuit, c'onfi'gured to determne, fromthe data

M SSi istic i i t one data
n characteristic informati on, at | east ol _ 08/000483
H:E:m ::: gn characteristic; wherein data transm ssion corrprlggysﬁ:r’g ;

transm ssion of a plurality of data packetﬁ agdtistfgagkfgsfgﬁmU@ﬂﬁéJﬁne2009
‘ i ion |ink; in the data o
at | east one comunication link; wherein _ f
istic i i formati on about a nunber o
characteristic information includes in : t 2 number of
or r ectdayesecky R a0t r Ay IEREL, U RACKELS T ect .
E)?C:eg?gﬁal to Iﬁ%ai se lgjati 0 (SNR) or a Link- hatiey+F nftiwaetder (LQ )

¢ i L 06/.07 . 09 %?:28 FAX
t | eastromnet cramlrisat ddN rbb8ie 55, A807
ggatzggsgzgpd( AU)Z013 PCT/ S02008/ 000483 'Recei ved ‘.’L% ke 2009 18. A

bt j ; kes’
gridATBRBtRICE, chhioiterdbenc @6QGH5EthaY age s YRULEL 1o, T8
fﬁgpggﬁéufésgrerfgfn1a nmet hod for determ ning a da?% transm ssion

e Lo tvancars ool ural 1y
Spperframe, egch sy vg%%gggﬁ:%ﬁ%gggéiﬂmg, toidoRive hevizuper fiane, a
plurality of gaﬁé&frame, a plurality of data transmission characteﬁistic
rgsponse messages including data tﬁansmission
charaéter;stic information from the at least ong receiver
in response to the data transmission characteristic.request
messages wherein .the data transmission characteristic
xesponsé messages are one or more command ox control
nessages:
a determining circuit, configured to determine, from the
data transmissiancharacteristic iﬁformation, at least .one
daﬁa trénsmission characteristig; |
“wherein data transmissicen comprises the transmission of a
plurality of déta packets and is carried out using at Ieast
one communicatiop link;
wherein the data tranémission-charabteristic information
includes information about s number: of packets correctly
received or a number of packets recéived with error or a
Signal to Noise Ratio {SNR) or a Link Quaiity Information .

. {LOI) of the at least one communication link,
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transm ssion characteristic request nmessages, each request nessage

addressed to at |east one receiver for requesting data tr'ansm'éi} aon .
characteristic information fromthe at |east one receiver, wheybiS§2008/000483
the data transnission characteristic request nessages are onewiveddpdune 2009

command or control nessages; receiving, within the superfrane, a
plurality of data transm ssion characteristi'c response nessages

i ncl udi ng dat @astr ansmassh@i«chatagt.eri st.L¢, ihformtion fromthe at
| east one receiver in reslg%lnse Fo %%réd ?g{a%u tr’aﬁ’ég‘f%é'siwgﬁn executed

characteri stibyrequeputdesseges We&hp.the p%%gnﬁ raa%g]'aos%irf%n» :
characteristic response nessages are one or nore conman -%Cont r ol
nessages; whedetsrmatiagt s ahe §5ahiGRABE | &8S akPE 14:a0SN1S5i.9R of a
plurality of data packets and is carried out using at [east one
conmuni cat i ond3§hieressrageiiGTetOth b2 282 FA%nA262R03QECTLAY) (?) 014
PCT/ S020087 000483 Recei ved 16 June 2009 wherein the data transm ssion
char act eri st i 'R GRRAL PG fenftmyredntormmmisnit abeatralyde b of
packets corre tlnge recei ved or nunber of packets received with error
or Signal to ﬁC\Eﬂ & REPF J"ERR) CP=ASERFk Qual ity Information (LQ) of
at | east one icatian Link:-and determ ning, fromthe data
transmi ssi on charac ert sbirc IR SIRFEEFHRC: &t LAt tynef data

transnissicn1ﬂﬂ&%@ﬁ@&§{$§téﬁﬁracteristic request messages, each reguest
-message addressed to at least cne feceiver for requesting g
data:transmission characteristic information from the at
lgast'one recelvar, wherein the data transmission
charactegistic regueast messageé are one or.mofe'command or
control messages: | |

racelving, within the supe;frama, a plurality of data
transmission characteristi; ﬁesponse meséages ingluding
datartransmission characteristic information from the at
least one receiver in response to the data transmission
characteristic request messages wherein the data
transmission characteristic response messages are one or
more command or control messages:

wherein data transmission comprises the transmission of a
plurality of data packets and is carrisd out using at least.

one communication Iink;
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wherein the data transmission characteristic information
includes information about number of packets corraectly
received or number. of packets received with error or Signal
te Noise Ratio-(SNRJ.or & Link Quality Information (Ld$) of
at least one communication‘link; and

determining, from the data transmission characteristic

information, at least one data transmission characteristic.
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