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provide up to 8 different transmission modes with data rates ranging from 6 Mbps up to 54
Mbps. This multi-rate capability enables a WLAN station to select a transmission mode which

[5  is best appropriate to the current radio channel quality to reach the best performance.

In general, adaptive adjustment of the transmission rate is achieved by having a receiver
estimating the channel link quality, deriving from this estimation the rate to be used in future
transmissions, and sending this information back to the transmitter. The main issues for an
efficient link adaptation mechanism are the determination of the parameters to be used for the
20 link quality estimation, e.g. packet error rate, signal to noise ratio, received signal strength,
carrier to interference ratio, etc., how to measure them, and how to select the appropriate rate

out of the measurement results.

In HIPERLANY/2, it is the responsibility of an Access Point (AP) to dynamically select any of
the available PHY (physical layer) modes for the down- and uplink transmissions. A Mobile
25  Terminal (MT) continuously measures the quality of the downlink and suggests a suitable
downlink transmission rate to the AP. For the uplink the AP itself performs the link quality

estimation. The standard however does not specify how the link quality estimation and the
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PLCP header) which is sent at a fixed rate (6 Mbps in case of IEEE 802.11a) supported by ail

stations. Thus, after having decoded successfully the PLCP header, the receiver switches to

the indicated rate to receive the MAC frame.

Although IEEE 802.11 WLANs are becoming more and more popular, little has been
20  published about the rate adaptation techniques that could be applied to those networks. A.
Kamerman and L. Montean describe in “WaveLAN-II: A High-Performance Wireless LAN
for the Unlicensed Band”, Bell Labs Technical Journal, Summer 1997, pp. 118-133, a method
used in Lucent’s WaveLAN-TI devices. It is basically an automatic method for switching
between two transmission rates, with the high one as the default operating rate. The device
25  switches automatically to the low rate after two consecutive transmission errors and back to

the high rate either after ten successful transmissions or after a time out.

As mentioned above, the IEEE 802.11 standard does not specify how rate switching should be
executed in case of multi-rate PHY layers. It only specifies which rates have to be used for
sending which MAC frames. It even does not provide any protocol means for a receiver to

30  inform the transmitter about the actual link quality or the transmission rate to be used. That is
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equal i ng or exceeding the second value s2 when the transmtting node is in

the sdnosmitgb@mede drun ianselepenaenussiaf putametess wh tdepéndgnéeloh caninpgber of

tr Eigsmsagéegsr}hl tc.)rgr?srn%tssiigl% g.hfhe number of successful transmissions s is compared in the
transmitting node against one of a first value sl corresponding to a first state of the
transmitting node and a second value s2 corresponding to a second state of the transmitting
node. The method comprises in the transmitting node the steps of (a) counting the number of
successful transmissions s; (b) selecting the adapted transmission parameter (bl) in response

20  to the number of successful transmissions s equaling or exceeding the first value s1 when the

transmitting node is in the first state, and (b2) in response to the number of successful
transmissions s equaling or exceeding the second value s2 when the transmitting node is in the
second state; and in dependence of the result of a following transmission, operating the
transmitting node in one of the first state and the second state. The first value sl is hereafter

25  also referred to as first threshold value s1 and the second value s2 is hereafter also referred to

as second threshold value s2.

Preferably, the second threshold value s2 is larger than the first threshold value s, because
then the first state can correspond to a link with fast changing quality and the second state can

correspond to a link with slow changing quality.



transmtting node in one of the first state and the second state. The first
value s | is hereafter 25 also referred to as first threshold value sl and
t he secomdovabam®4®d is hereafter also referred to as secondtbnessol d
value s2. Preferably, the second threshold value s2 is larger than the
first threshold value sl, because thém the first state can correspond to a
link wwth fast changing quality and the second state can correspond to a
link with slow changing quality. WO 2004/ 004194 PCT/1B2003/002784 -4 In an
enbodi feab embedimenhthe methodbeanusedsef dor aidpiing agadabladitapite teitedinkarualityp t he

the " acdpreRy tupaimipe R Rled e i SHgpinene ansias Rt Elon BBkt ot e
as Swi g E'ﬂ.e? go)??lgl&}? %eﬁégf]%gn?;?ﬁlﬁéﬂ LR REHER RAhAABAREd fdiRMissi PIrAA&Sr then

swi tchi'ng a rate. This allows ‘the adaptation of the
vari ableempéibes Switchirg tooa fiffesentdacham dhic elhatis therslaptatiom of tret vasiable data
enbadi nent, the step of selecting the ad i

FUr SheraedBrsSR CHahaed Coisn g A Hris SERATReTr i GBS oA e FARES
Al so a t%&fﬁ%iohﬁ{é%}ng%?feég R L E&nﬁ{?ﬁeeé%%}%i%g £ARhOY 85ta RREGE Gn GRerREdtg €.

Mor eover, ata rate, rent” packet | engths, or other
par anetges Alad apacieoMapthedfferthi ® the hmgeh drhplopell/Bafomgan bhased M@rater, the

transm ssi on_Fﬁgaraneters_can be adapted to the respective . 10 cg.angehai
condi t i grable e phe diffpsentpacke ‘eAehs.rofnhet PHAGCREIRY b EHRO0ELohiYSst at e
further | Lt iQi hieds ShAbE dafptbdo MMeRlspQEive
faulty Spg‘gggﬁn% g@?ag%aggm%tgs@ﬁ%@ 9‘ Iésniélg\}%lpn? glfgag{et Sét Eulflt caaﬁp be sw tc%ed1V

di riect | ghafited Boddigorgecond state to the first state, thereby coping with fast
changing channel conditions. 15 Setting the first threshold value sl to 3
and the second threshold value s2 to 10 leads to an excellent perfornance
i n ti neTheastap ofppeteting dhestraFhuttimatnhdelincth seapntl stste Bisihpr sosepriset e tHGSECRunber
of faulty transmssigns f an el.ecting. the. adapt tr 1.S81 .0 met er
St a-t g BRS SHS Eh Blrnent sESHEH hiseiotS FRECR e phARRIREAOR TR
advant agg;chBati8d(BOrbRAUhE ¥eddnd@niak 6 HRNfirsdksfits; ARG EBeEGfin@ RdthafastudHaaBing
reaction, 20 e.g. ‘reducing the data rate, can be applied accordingly. In

ot her whaois] condigams, for exanpl e,

15  Setting the first threshold value sl to 3 and the second threshold value s2 to 10 leads to an

excellent performance in time-varying channels.

The method can further comprise counting a number of faulty transmissions f and selecting
the adapted transmission parameter at a threshold of the number of faulty transmissions fr.
This has the advantage that also faulty transmissions are considered and a suitable reaction,
20 e.g. reducing the data rate, can be applied accordingly. In other words, it can, for example,

mean switching to a lower data rate immediately after one faulty transmission.
Setting the threshold of the number of faulty transmissions fr to 1 leads to desirable results.

The method can further comprise selecting the transmission parameters used by a responding
node, also referred to as responding receiver or station. For example, the data rate used by that
25 station is taken into account. This allows to use this rate immediately for further
communication and can be done as follows. When the transmitting node or station, also
referred to as transmitter, receives a frame correctly from a peer station, i.e. the receiver, it

checks whether that frame was sent with a rate different to the one it uses currently for
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It is advantageous that the mechanism employs only information available at the transmitter
side to determine whether the actual link quality is improving or worsening and therefore first
does not require the availability of a feedback channel and second remains conform to the
standards. This can be achieved by the so-called error recovery procedure defined in the MAC

20  (medium access control) layer of the IEEE 802.11 standard.

The link adaptation method described above can be implemented by having the transmitter
maintaining for a certain destination MAC address two counters, one for successful
transmissions and one for failed transmissions. If a frame is successfully transmitted, the
success counter is incremented by one and the failure counter reset to zero; similarly, if a
25  transmission fails, then the failure counter is incremented by one and the success counter reset
to zero. If the failure counter reaches a certain threshold fr, then the transmission rate for the
corresponding destination is decreased and the failure counter reset to zero. Similarly, if the

success counter reaches a certain threshold s, i.e. the first threshold value sl or the second
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selecti operate in the state or t second state.
to operate in the first state or the second state.

Furthermore, the apparatus can comptise a failure counter for counting a number of faulty

transmissions, which allows to react on failures in transmission immediately.

20 DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention are described in detail below, by way of example

only, with reference to the following schematic drawings.

FIG.1 shows a schematic illustration of a communication environment with a
transmitting station and a receiving station.
25 FIG.2 shows a schematic illustration of a state transition diagram as it is applicable by

the transmitting station.
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As the invention takes advantage of the so-called error recovery procedure defined in the
MAC (medium access control) layer of the IEEE 802.11 standard, this error recovery

15 procedure is described in more detail below.

The IEEE 802.11 basic access procedure is a distributed procedure based on the known
Carrier Sense Multiple Access (CSMA) method used in Ethernet LANs (local area networks).
A station with a pending data packet has to sense the state of the wireless medium before it
can transmit. If the medium is free longer than a predefined time interval, it can proceed with
20  the transmission. Otherwise it first waits until the medium becomes free, then generates a
random backoff time before it tries to transmit to minimize the probability of collision with
other stations. MAC (medium access control) frames are protected against errors (due to
transmission errors or collisions) by means of a frame check sequence (FCS) field containing
a 32-bit cyclic redundancy checksum (CRC) and of a simple send-and-wait automatic repeat
25  request (ARQ) mechanism. If the receiver of a MAC frame detects a CRC error, the frame is
discarded. Otherwise, if a MAC (medium access control) frame does not contain a CRC error,
the receiver waits for a short, predefined SISF (Short Inter-Frame Space) time and sends an
ACK (acknowledge) frame back to the transmitter. If the transmitter does not receive an ACK

frame within a specified time, it assumes that the transmitted frame is disturbed and will
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fT rapidly. Various simulation runs have shown that a good value for the failure threshold value
fr is one, ie. the transmitter should switch immediately to a lower rate after a failed
transmission, regardless how fast the quality of the link is changing. The efficiency of a such
conservative reaction, even when the quality is changing very slowly or not at all, is explained
20 by the fact that transmissions at a lower rate always have a higher success chance, in particular

when the quality of the channel has really worsened.

The success threshold value sr, which can equal the first threshold value sl or the second
threshold value s2, defines the maximum number of successful transmissions s which the
transmitter should achieve before it can assume that the link quality has improved so that it
25  should switch, e.g., to the next higher data rate. Simulation results reveal that the efficiency of
the link adaptation mechanism is sensitive to the value of the success threshold value st and
therefore to its first threshold value s1 and its second threshold value s2. With reference to
Figure 3 the throughput of a point-to-point link can be represented as a function of the
so-called Doppler spread, which is defined as the maximum frequency at which the channel

30  conditions are changing. Low Doppler spread values correspond to links with slowly changing
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sever altrgngr?lﬁngg 1 J)Qr?prises a first transmit antenna 3 over which a signal, hereafter called sent

signal, is transmitted and a first reception antenna 4 with which an ACK (acknowledgment)

signal, but also further data, is receivable. Both antennas 3, 4 also can form a unit. The

20  transmitter 1 comprises a success counter 10 connected to a selecting unit 12, which further is

connected to a decision unit 14. The transmitter 1 further comprises a failure counter (not

depicted), which can be combined with the success counter 10. The success counter 10 counts

the number of successful transmissions s whenever one ACK (acknowledgment) signal is

received via the first reception antenna 4, because then the sent signal was received by the

25  receiver 2 and acknowledged. The selecting unit 12 gets the number of successful

transmissions s from the success counter 10 and switches to an adapted transmission

parameter accordingly, as described in more detail below. The adapted transmission parameter

can be a different data rate, packet length, or a combination thereof. A set of or multiple

different transmission parameters can be provided and used. The decision unit 14 informs the

30  selecting unit 12 in dependence of the result of a subsequent or following transmission which

state the selecting unit 12 should use for its further processing. The selecting unit 12 and the
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states H, L in the middle. The states are connected via arrows which represent the transition

from one to another state or remaining in one state. The transition conditions are labeled

accordingly and expressed as follows:

20  failed: s:=0, f+, and

if f >fr, then down rate and f :== 0

means when a transmission failed setting the success counter 10 to zero, incrementing the
failure counter and when the number of faulty transmissions f equals at least the threshold of
the number of faulty transmissions fr, then reducing the data rate and setting the failure

25  counter to zero, or

success: s+, f:=0, and

if in state H: s >s1 or if in state L: s >s2, then up rate and s := 0
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result of the next transmission. In dependence of the result of the next transmission, the first

15  state H or the second state L is used.

If the next transmission succeeds, then it can be assumed that the link quality of the channel 7
is improving rapidly, i.e. high Doppler spread. Therefore, it is moved to the first state H and
the success threshold value sy is set equal to the small first threshold value s1 in order to react

quickly to the changing link quality.

20  If however the next transmission fails, then it is assumed that the link quality of the channel 7
is either changing slowly or not changing at all, i.e. low Doppler spread, and that the former
decision to switch to a higher rate was premature. Consequently, it is moved to the second

state L and the success threshold value sy is set equal to the higher second threshold value s2.

If in the first state H a faulty transmission occurs, the first state H is retained and the success
25  threshold value sr remains equal to sl as indicated in the figure. However if in the second
state L a faulty transmission occurs, it is moved to the first state H and the success threshold

value sy is changed to the first threshold value sl.
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Doppler spread values correspond to links with slow changing quality and high Doppler
spread values correspond to links with fast changing quality. The threshold of the number of
faulty transmissions fr is set for all regarded performance curves to 1. When the link quality is
20  changing slowly, a large value of sy leads to a better throughput performance, see for example
the curve for sy = 10; however, the performance degrades rapidly with increasing Doppler
spread. With a large value for sp the mechanism does not react fast enough to a fast
improvement of the link quality. The transmitter is still at a low transmission rate although the

quality of link already allows the use of a higher rate.

25 A émall value for the success threshold value sr does improve the throughput at higher
Doppler spread values, it however suffers performance degradation at low Doppler spread
values, see for example the curve for sy = 3. Since the quality of the channel is changing very
slowly or not changing at all, with sy = 3 the transmitter switches to higher rates too eatly and
therefore fails too often. In general the Doppler spread value of a channel is not known a

30  priori; it also changes dynamically. One possible solution is to measure the spread value in the

PHY (physical) layer, which however becomes in praxis very complex. Therefore, the
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or both of the following a) conversion to another language, code or notation; b) reproduction

in a different material form.
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estimate qualitatively the changing speed of the link quality and to
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namely the first threshold val ue sl agﬂ t he second threshold value s2,
with sl < s2, depending on whether one*is in the region of high Doppler
spread values, i.e. 5 the first state H, or in the region of |ow spread
val ues CliAMSsecond state L. The present invention can be realized in
hardware, software, or as a conbination of hardware and software. Any kind
of conputer system - or other apparatus adapted for carrying out the

nmet hods described herein - is suited. A typical conbinatio re and
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o csont - cSht SRR A 3ye ROk Elsalis R 3% SR So by SO TR U arRERIRE RS, | 07
of a set @f) ddasist UaE bPAFirktNLRIRY) tRTRPUEENAISY Skr@MNQHNGf e transihitingt i on
processing capability to performa particular function either directly or
after eitmede (brandot $econd vilue (82 Icoupspgnaing do mseedidotiate AL AbthEdranFaEage,

code or notatiqn, b) reproduction. . in a differen terial, form WO

2004/ 004155138?,@,%%%%.@@%@@ ng ot e ¢ Soérf' adapting a
transm ssion paraneter in a trgnsmttin nz%e (1) of a data comunication
systen1(8POW@“EH@38WPP@H#SPF%ﬁSHﬁ%?ﬁ??“%¥m S)dat a communi cation channel

(7), the adapted transm ssion paraneter being selected by the transmtting
node (1) fselepting theadapied wansnuspianspasdngiar anet ers i n dependence on a numnber
of successful transm ssions (s), the nunmber of successful transm ssions
(s) being coimaspshse ho theentmbarsyfisticiesgfuhpasmigsionsagnequsding oe enfeedingithet

value (sl) CPI;SE (\afglﬁg ?sql) %6}1 %ezitrgrjs{n?t%ing Elgéee(ls ll_sDin(%lfle %ir@?st%{ea(ln-ﬁ,ngn%t I ng

in response to the number of successful transmissions (s) equaling or exceeding the

second value (s2) when the transmitting node (1) is in the second state (L); and

in dependence of the result of a following transmission, operating the transmitting node

(1) in one of the first state (H) and the second state (L).

2. Method according to claim 1, wherein the step of operating the transmitting node (1) in
the second state (L) further comprises in the event of a faulty transmission transitioning to

the first state (H).

3. Method according to any preceding claim further comprising setting the first value (s1) to

3 and the second value (s2) to 10.

4. Method according to any preceding claim further comprising counting a number of faulty
transmissions (f) and selecting the adapted transmission parameter in dependence of a

threshold of the number of faulty transmissions (fr).



node (1) and a second value (s2) corresponding to a second state (L) of the
transmtting node (1), the nmethod conprising in the transmtting node (1)
t he st epswofzoo«murti ng t he nunber of successful transm PETABZ006/8)2784

sel ecting the adapted transm ssion par grret er in response to the nunber of
successful transm ssions (s) equali ng I exceedi ng the first value (s 1)
when the transmtting node (1) is in the first state and in response

t o t he Snuirthobhcoordine ée claimd Bt seprging sytting dhe ihdigﬁh@id efhe ainHgr ohe
second val.u ransmttl ng node (1) is in the second state
(L); and |f?1€i9'(tﬁaé%ﬁlésﬁhoélsg#}ﬁ0he result of a follow ng transm ssion, operating
the transmtting node (1) in one of the first state (H and the second
state (L). 2. Method according to claim1l, wherein the step of operating
the trans ' . ses.4 N the
cvent ot Aol B i a Brec e SERANGALAL finfrchng, WILAEE (0 RGN0 S
Met hod acwaﬂmemgds@daylxr@geﬂ@dgf@eﬁbﬁ@mfurt her conprising setting the
first value (sl1l) to t he second value (s2) to 10. 4. Method according
to any preceding claimfurther conprising counting a nunber of faulty
transm ssions (f) and selecting the adapted transm ssion paraneter in
depsndencethod actdrdinghrol shyopretdiinguidial wiferdiauhd wiepr ainsalecsimgahe adbfipd WO
2004/ 004194 PCT/ ] B2003/ 002784 -15 5. Met hod ac ordin to claim4 further
conpri si ngra8emissiog Pereaterfughes comprisesisleqting @ Aifirentdal@ et ¢ r ansni ssi ons
(fT) to 1. 6. Method according to any preceding cl ai mfurther conpri sing
sel ecti ng the transm ssion parameter used by a responding receiver (2). 5

7. Met di t | wh th |
{he " addp: A0 Sheiied: Gninbpiraling e nhlerth dps 1 baco S sflesdherte SOBFET er ant
data rat e-trd%smh@foﬁ?ﬂreﬁ‘ﬁ & flihg cto‘ﬁgfi‘ﬁéfs Rissag 'artgzcﬁét%r@th W&l o Hagesdigp of

sel ecting the adapte transm ssi on paraneter further conpri ses sel ecting a
packet | engedbefofed erent to the I ength

0 9. A computer program comprising program code means for performing the method of any

of the claims 1 to 8 when said program is run on a computer.

10. A computer program product stored on a computer usable medium, comprising computer
readable program means for causing a computer to perform the method of any of the

preceding claims 1 to 8.

15 11. An apparatus (1) for adapting a transmission parameter to the current link quality of a
data communication channel (7), the adapted transmission parameter being selected from
a set of transmission parameters in dependence on a number of successful transmissions
(s), the number of successful transmissions (s) being compared against one of a first value
(s1) corresponding to a first state (H) of the apparatus and a second value (s2)

20 corresponding to a second state (L) of the apparatus, the apparatus comprising:
a success counter (10) for counting the number of successful transmissions (s);

a selecting unit (12) for selecting the adapted transmission parameter



used before. .0 9. A conputer program conprising program code neans for
performng the nmethod of any of the clains 1 to 8 when said programis run
on a conpwDeno4/M@194A conput er program product stored onpraTaBmpsp@saisabl e
medi um conprising conputer readable program neans for causing a conputer
to performthe nethod of any of the 'Hféceding claims 1 to 8 15 11. An
apparatus (1) for adapting a transm ssion paraneter to the current |ink
qual ity of g, Aol AL RMEEHuGRkE 80 s&RBARA! trdndhissioh§ (HAARkBE & SREEHIRS kRN

par amet er bel ng seTected from a set of transm ssion paraneters in
dependence dirstvahunissy whén thaapessthsiis intlengrsi stgiedHs, ands) , t he nunber of
successful transm ssions (s) being conpared agai nst one of a first val ue
(sl) correspaneipddsd @ tefiunter 5 sliRedskl) teinsinissioap fOyraublingodexesdingtite val ue
(s2) 20 corresponding to a second state (L) of the apparatus, the

appar at us cowepordsyaties (s2) wherctbs sppasains irin thosecowst staig tht2Rg t he nunber of
successful transm ssions (s); a selecting unit (12) for selecting the
adapt ed t nadwisigsiuon @4y avhidhein \AEp&GEBHde0 02 1184 rdRAIT/ ¢fB2 FOBP 0D 7@ansmigsdori n

response to the nunber of successful transnjssions (S).e i Ng Or,

exceedi ng HAENS fhesslecking wat (1<) jo opfaweih QH%S’})‘;feg’trﬁﬁé}(t% zl?lhﬁl%ﬁbe F%ﬁgfl st e
(H, and i(frb response to the nunber of successful transm ssions (s) equaling
or exceedi'ng the second value (s2) when the apparatus is in the second
state (L); and a decision unit (14) which in dependence of the result of a
following transmssion infornms the selecting unit (12) to operate in one
of ‘1 1e 1ol badhal ;?ccéfzﬁnr%&f’ cldlfi BE AR oiRisireld faikde DRRRF Fousoaeiwgrli ng
to claim1l urther conprising a failure counter for counting a nunber of
faul ty tr anmbessf fanlsy (rijsmissions (f).



