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8 Na 

(57) ABSTRACT 

The present invention discloses an apparatus and method for 
adapting a transmission parameter in a transmitting node of 
a data communication System to the current link quality of 
a data communication channel. The adapted transmission 
parameter is Selected by the transmitting node from a Set of 
transmission parameters in dependence on a number of 
Successful transmissions. The number of Successful trans 
missions is compared in the transmitting node against one of 
a first threshold value corresponding to a first State of the 
transmitting node and a Second threshold value correspond 
ing 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; (b) selecting the 
adapted transmission parameter (b1) in response to the 
number of Successful transmissions equaling or exceeding 
the first threshold value when the transmitting node is in the 
first state, and (b2) in response to the number of Successful 
transmissions equaling or exceeding the Second threshold 
value 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. 
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LINKADAPTATION 

TECHNICAL FIELD 

0001. The present invention is related to an apparatus and 
method for adapting transmission parameters to the current 
quality of a transmission channel. More particularly, the 
invention allows to adapt a variable data rate or a packet 
length or both to the channel conditions in a wireless local 
area network. 

BACKGROUND OF THE INVENTION 

0002 Wireless local area networks (WLANs) have been 
designed for data communication and have found wide 
Spread acceptance and proliferation in the industry. Two 
wireless broadband LANs (WLANs) are standardized in the 
5 GHz band, namely IEEE 802.11a and ETSI HIPERLAN/2. 
The physical layers of both standards are very similar: they 
both use a modulation technique called “Orthogonal Fre 
quency Division Multiplexing (OFDM)” and can 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 is best appropriate to the current radio channel quality 
to reach the best performance. 
0003. 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 adap 
tation mechanism are the determination of the parameters to 
be used for the 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. 
0004. In HIPERLAN/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 Terminal (MT) continuously mea 
Sures 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 corresponding transmission mode Selection are 
performed. S. Simoens and D. Bartolome describe in their 
article “Optimum performance of link adaptation in HIP 
ERLAN/2 Networks”, VTC 2001, a method for estimating 
the SNIR (Signal to Noise plus Interference Ratio) and 
based on this estimation determining the transmission rate 
that would maximize the throughput of an HIPERLAN/2 
network. Similarly, Z. Lin, G. Malmgren, and J. Torsner 
studied in their article “System Performance Analysis of 
Link Adaptation in HiperLAN Type 2", VTC Fall 2000, the 
performance of the link adaptation of HIPERLAN/2 when 
using a C/I (Carrier to Interference ratio) as link quality 
parameter. 

0005. The standard IEEE 802.11 only specifies which 
transmission rates are allowed for which types of MAC 
(medium-access-control layer) frames, but not how and 
when to Switch between the permitted rates. Furthermore, 
there is no signaling mechanism Specified which would 
allow a receiver to inform the transmitter about the quality 
of the communication channel or the rate to be used. The 
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transmitter can change the rate at any time between two 
consecutive packets, but not in the middle of a Sequence of 
MAC frames belonging to the same packet. The rate at 
which a MAC frame is transmitted is coded in the header of 
the physical layer (the so-called PLCP header) which is sent 
at a fixed rate (6 Mbps in case of IEEE 802.11a) supported 
by all Stations. Thus, after having decoded Successfully the 
PLCP header, the receiver Switches to the indicated rate to 
receive the MAC frame. 

0006 Although IEEE 802.11 WLANs are becoming 
more and more popular, little has been published about the 
rate adaptation techniques that could be applied to those 
networks. A. Kamerman and L. Montean describe in “Wave 
LAN-II: A High-Performance Wireless LAN for the Unli 
censed Band', Bell Labs Technical Journal, Summer 1997, 
pp. 118-133, a method used in Lucent's WaveLAN-II 
devices. It is basically an automatic method for Switching 
between two transmission rates, with the high one as the 
default operating rate. The device 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. 

0007 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 inform the 
transmitter about the actual link quality or the transmission 
rate to be used. That is why the link adaptation method 
described by G. Holland et. al. in “A Rate-Adaptive MAC 
Protocol for Multi-Hop Wireless Networks”, ACM/IEEE 
International Conference on Mobile Computing and Net 
working (MOBICOM’01) Rome, Italy, July 2001, cannot be 
applied to current IEEE 802.11 WLANs, since it is based on 
the principle that the receiver determines the link quality and 
requests the transmitter to Switch to a more appropriate rate. 

0008. From the above it follows that there is still a need 
in the art for an improved and efficient link adaptation 
method. Moreover, only information available at the trans 
mitter Side should be Sufficient to guess whether the actual 
link quality is improving or worsening. 

SUMMARY AND ADVANTAGES OF THE 
INVENTION 

0009. In accordance with the present invention, a method 
for adapting a transmission parameter in a transmitting node 
of a data communication System to the current link quality 
of a data communication channel is provided. The adapted 
transmission parameter is Selected by the transmitting node 
from a Set of transmission parameters in dependence on a 
number of Successful transmissions S. The number of Suc 
cessful transmissions S is compared in the transmitting node 
against one of a first value S1 corresponding to a first State 
of the transmitting node and a Second value S2 correspond 
ing 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 (b1) in response 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 
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when the transmitting node is in the Second State, and in 
dependence of the result of a following transmission, oper 
ating the transmitting node in one of the first State and the 
Second state. The first value S1 is hereafter also referred to 
as first threshold value S1 and the second value S2 is 
hereafter also referred to as Second threshold value S2. 

0.010 Preferably, the second threshold value S2 is larger 
than the first threshold value S1, 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. 

0011. In an embodiment the method can be used for 
adapting a variable data rate to the link quality, thereby 
Supporting multiple transmission rates. Selecting the 
adapted transmission parameter in Step (b) which is also 
contemplated as Switching to the adapted transmission 
parameter then comprises Switching to a different data rate. 
This allows the adaptation of the variable data rate to present 
channel conditions. In a further embodiment, the Step of 
Selecting the adapted transmission parameter can further 
comprise Selecting a higher data rate from Several data rates. 
Also a packet length different to the length employed before 
can be used. Moreover, the variable data rate, the different 
packet lengths, or other parameters can be combined. This 
shows the advantage that Several transmission parameters 
can be adapted to the respective channel conditions. 
0012. The step of operating the transmitting node in the 
Second State further comprises the transition to the first State 
in the event of a faulty transmission. This has the advantage 
that it can be switched directly from the second state to the 
first State, thereby coping with fast changing channel con 
ditions. 

0013 Setting the first threshold value S1 to 3 and the 
Second threshold value S2 to 10 leads to an excellent 
performance in time-varying channels. 
0.014. The method can further comprise counting a num 
ber 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, 
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. 
0.015 Setting the threshold of the number of faulty trans 
missions f to 1 leads to desirable results. 
0016. 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 Station is taken into account. This 
allows to use this rate immediately for further communica 
tion 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 transmitting frames to that Station. If this 
is the case, the transmitter may update its transmission rate 
with the one used by the peer. In an preferred embodiment, 
the transmitter only updates if the transmission rate used by 
the peer is higher. 
0.017. The method provides basically a dynamic link 
adaptation mechanism that can be implemented in a com 
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patible way with the current IEEE 802.11 MAC specifica 
tion. Using the mechanism, an IEEE 802.11 compliant 
transmitter is able to detect whether the quality of a link to 
a certain destination is improving or declining, and based on 
this information to Select and Switch to the adapted trans 
mission parameters, respectively. 
0018. In general, the link adaptation mechanism employs 
the fact that the transmitter does not receive an ACK 
(acknowledgment) for a data frame Sent to a certain receiver 
as an indicator that the quality of the link to that receiver has 
worsened and therefore, e.g. a lower transmission rate 
should be used for future transmissions to that receiver. On 
the other hand, if the transmitter Succeeds to Send multiple 
data frames to a certain receiver, it assumes that the quality 
of the link has improved and therefore, e.g. a higher rate 
should be used for future transmissions. 

0019. It is advantageous that the mechanism employs 
only information available at the transmitter Side to deter 
mine whether the actual link quality is improving or wors 
ening and therefore first does not require the availability of 
a feedback channel and Second remains conform to the 
Standards. 

0020. This can be achieved by the so-called error recov 
ery procedure defined in the MAC (medium access control) 
layer of the IEEE 802.11 standard. 
0021. 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 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 Sr., i.e. the 
first threshold value S1 or the second threshold value S2, 
then, for example, the transmission rate is increased and the 
SucceSS COunter reSet to Zero. 

0022. In accordance with another aspect of the present 
invention, there is provided an apparatus for adapting a 
transmission parameter to the current link quality of a data 
communication channel. The adapted transmission param 
eter is Selected from a set of transmission parameters in 
dependence on a number of Successful transmissions S. The 
number of Successful transmissions S is compared against a 
first threshold value S1 corresponding to a first State of the 
apparatus or a Second threshold value S2 corresponding to a 
Second State of the apparatus. The apparatus comprises a 
Success counter for counting the number of Successful 
transmissions. The apparatus further comprises a Selecting 
unit for Selecting the adapted transmission parameter in 
response to the number of Successful transmissions S equal 
ing or exceeding the first threshold value S1 when the 
apparatus is in the first State and in response to the number 
of Successful transmissions S equaling or exceeding the 
Second threshold value S2 when the apparatus is in the 
Second State. Moreover, the apparatus comprises a decision 
unit 14 which in dependence of the result of a following 
transmission informs the Selecting unit 12 to operate in the 
first State or the Second State. 



US 2005/028641.0 A1 

0023. Furthermore, the apparatus can comprise a failure 
counter for counting a number of faulty transmissions, 
which allows to react on failures in transmission immedi 
ately. 

DESCRIPTION OF THE DRAWINGS 

0024 Preferred embodiments of the invention are 
described in detail below, by way of example only, with 
reference to the following Schematic drawings. 

0.025 FIG. 1 shows a schematic illustration of a com 
munication environment with a transmitting Station and a 
receiving Station. 

0.026 FIG. 2 shows a schematic illustration of a state 
transition diagram as it is applicable by the transmitting 
Station. 

0027 FIG. 3 shows a schematic illustration of the IEEE 
802.11a performance in a time-varying channel. 

0028. The drawings are provided for illustrative purpose 
only and do not necessarily represent practical examples of 
the present invention to Scale. 

DETAILED DESCRIPTION 

0029. Although the present invention is applicable in a 
broad variety of transmission applications it will be 
described with the focus put on an application to wireless 
systems, i.e. Wireless Local Area Networks (WLAN), using 
orthogonal frequency division multiplexing (OFDM) as 
employed in the WLAN standards IEEE 802.11a and HIP 
ERLAN/2. Before embodiments of the present invention are 
described, Some basics, in accordance with the present 
invention, are addressed. 

0.030. 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 procedure is described in more detail below. 

0031) 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 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 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 speci 
fied time, it assumes that the transmitted frame is disturbed 
and will resend the frame after a random backoff time. The 
procedure is repeated until the transmitter receives an ACK 

Dec. 29, 2005 

frame from the receiver, or a maximum life time or a 
maximum number of retries is reached. 

0032 Generally, the performance and efficiency of the 
presented link adaptation mechanism depends on the thresh 
olds for the number of Successful transmissions S and faulty 
transmissions f. A Successful transmission is considered as a 
reception of an ACK frame. In the event that no ACK frame 
is received in due time a faulty transmission is assumed. In 
particular, a Success threshold value S is represented by a 
first threshold value S1 that corresponds to a first state H or 
a Second threshold value S2 that corresponds to a Second 
State L for the number of Successful transmissions S. A 
failure threshold value f is set for the number of faulty 
transmissions f. The impact of these values is considered 
below. 

0033 With the failure threshold value f of the number of 
faulty transmissions f one can control how long a transmitter 
should stay, e.g., at a certain rate before it can assume that 
the link quality is degraded So that it should Switch to a lower 
rate. A high value of the failure threshold value fr may 
impact the performance negatively, in particular when the 
link quality is degrading rapidly. Various Simulation runs 
have shown that a good value for the failure threshold value 
f is one, i.e. 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 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. 

0034) The success threshold values, which can equal 
the first threshold value S1 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 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 Sr. and 
therefore to its first threshold value S1 and its second 
threshold value S2. With reference to FIG. 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 maxi 
mum frequency at which the channel conditions are chang 
ing. Low Doppler spread values correspond to links with 
Slowly changing quality and high Doppler spread values 
correspond to links with fast changing quality. When the link 
quality is changing slowly, a large value for the Success 
threshold value S leads to a better throughput performance. 
However, it has been recognized that with a large value for 
the Success threshold value S, the transmitter 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 the link already allows the use of a higher rate. 

0035). With reference to FIG. 1, a general layout of a 
communication System 8 is described in which the adapta 
tion of a transmission parameter in a transmitting node 1 to 
the current ink quality of a data communication channel 7 
can be used. AS indicated in FIG. 1, a Signal can be 
transmitted via the channel 7. Usually, the Signal comprises 
a frame or Several frames. The presented embodiment relates 
to the IEEE 802.11a standard Supporting an Orthogonal 
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Frequency Division Multiplexing (OFDM) transmission 
Scheme in the 5 GHz band with variable data rates, i.e. 6 
Mbit/s to 54 Mbit/s. FIG. 1 shows the transmitting node 1, 
hereafter referred to as transmitter 1, and a receiving or 
responding node 2, hereafter referred to as receiver 2. The 
transmitter 1 is located at a first location while the receiver 
2 is located at a Second location. Multiple of the receiver 2 
can be arranged (not shown) within a WLAN. The trans 
mitter 1 comprises 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 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 when 
ever one ACK (acknowledgment) signal is received via the 
first reception antenna 4, because then the Sent Signal was 
received by the 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 transmis 
Sion parameter accordingly, as described in more detail 
below. The adapted transmission parameter can be a differ 
ent 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 select 
ing 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 decision unit 14 can form a unity. The method of 
working in the Selecting unit 12 is described in more detail 
with reference to FIG. 2. 

0.036 The receiver 2 comprises a second reception 
antenna 5 with which the mentioned Sent signal or data is 
received. A Second transmit antenna 6 is used to Send the 
ACK (acknowledgment) signal out if valid data has been 
received. 

0037 FIG. 2 shows a schematic illustration of a state 
transition diagram indicating the mechanism as it is appli 
cable by the transmitter 1 in the selecting unit 12. The 
mechanism allows to estimate qualitatively the changing 
Speed of the link quality and to Switch dynamically between 
a first value S1, also referred to as first threshold value S1, 
that corresponds to a first State, labeled with H, and a Second 
value S2, also referred to as Second threshold value S2, that 
corresponds to a Second State, labeled with L, with S1<S2, 
depending on whether one is in the region of high Doppler 
Spread values, i.e. first State H with S1 depicted on the 
left-hand Side, or in the region of low Spread values, i.e. the 
Second State L with S2 depicted on the right-hand Side. The 
State transition diagram in FIG. 2 indicates three States, the 
first State H, the Second State L, and an intermediate State, 
labeled with “ACK ?” and depicted above the first and 
Second 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: 
0038 failed: 

0039) 
0040 

S:=0, f, and 

if fef, then down rate and f:=0 
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0041) means when a transmission failed setting the Suc 
ceSS counter 10 to Zero, incrementing the failure counter and 
when the number of faulty transmissions fequals at least the 
threshold of the number of faulty transmissions f, then 
reducing the data rate and Setting the failure counter to Zero, 
O 

0042 success: 
0043 s+, f:=0, and 
0044) if in state H: ses1 or if in state L: ses2, then 
up rate and S:=0 

004.5 means when a transmission was successful incre 
menting the Success counter 10, Setting the failure counter to 
Zero and, when in the first state H the number of Successful 
transmissions S equals or is larger than the first threshold 
value S1 or when in the second state L the number of 
Successful transmissions S equals or is larger than the Second 
threshold value S2, then increasing the data rate and Setting 
the SucceSS counter to Zero. 

0046) The thick arrow lines indicate the Switching to an 
adapted transmission parameter, e.g. a higher data rate. 
0047. In a preferred embodiment the first threshold value 
S1 equals 3, the Second threshold value S2 equals 10, and the 
threshold of the number of faulty transmissions ft equals 1. 
0048. The mechanism operates as follows. If the number 
of Successful transmissions S equals at least to the first 
threshold value S1 or the second threshold value s2, then a 
Selection of and Switching to an adapted transmission 
parameter, e.g. a higher data rate, and a transition to the 
intermediate state “ACK'?” is performed. In the intermediate 
state “ACK ?” it is waited for the result of the next 
transmission. In dependence of the result of the next trans 
mission, the first State H or the Second State L is used. 
0049. 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 Sr is Set 
equal to the Small first threshold value S1 in order to react 
quickly to the changing link quality. 

0050. 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 
Land the Success threshold value Sr is Set equal to the higher 
Second threshold value S2. 

0051) If in the first state H a faulty transmission occurs, 
the first state H is retained and the Success threshold value 
Sir remains equal to S1 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 Sr. 
is changed to the first threshold value S1. 
0.052 FIG. 3 shows a schematic illustration of the 
throughput performance of an IEEE 802.11a WLAN in a 
time-varying channel. In more detail, the illustration indi 
cates the throughput of a point-to-point link as a function of 
the Doppler spread at various values of Sr, the threshold of 
the number of Successful transmissions. The two transmis 
Sion nodes are located 25 m apart and have both the same 
transmission power of 10 dBm. A frequency-flat channel 
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with Rayleigh fading is considered. An optimal graph, 
corresponding to an idealized System where the transmitters 
have perfect channel knowledge, is shown as a thick black 
line, and runs at about 22 Mbps. Another nearly Straight 
graph at about 17 Mbps, indicates a fixed transmission rate 
of 36 Mbps, which is the one achieving the best results 
without rate adaptation. The dashed line with S-10, fr=1 
indicating a first simple adaptive mechanism shows a rapid 
throughput degradation at high Doppler spreads. The dashed 
line with S1, S2, fr=1 indicating the adaptive link mechanism 
which takes into account higher as well as lower Doppler 
Spreads shows a better performance than the dashed line 
with S=3, f=1 indicating a Second simple adaptive mecha 
nism which takes more care to higher Doppler Spreads. The 
dotted lines indicate the throughput achievable when the 
adaptive mechanisms use additionally the data rate of a 
received packet from the remote Station or receiver. Low 
Doppler spread values correspond to links with Slow chang 
ing quality and high Doppler Spread values correspond to 
links with fast changing quality. The threshold of the number 
of faulty transmissions f is Set for all regarded performance 
curves to 1. When the link quality is changing slowly, a large 
value of S leads to a better throughput performance, see for 
example the curve for S=10; however, the performance 
degrades rapidly with increasing Doppler spread. With a 
large value for Sir 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. 
0.053 A small value for the success threshold value st 
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 S=3. 
Since the quality of the channel is changing very slowly or 
not changing at all, with S-3 the transmitter Switches to 
higher rates too early and therefore fails too often. In general 
the Doppler spread value of a channel is not known a 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 
presented link adaptation mechanism allows in an easier 
way to estimate qualitatively the changing Speed of the link 
quality and to Switch dynamically between two values of the 
Success threshold value Sr., namely the first threshold value 
S1 and the Second threshold value S2, with S1<S2, depending 
on whether one is in the region of high Doppler spread 
values, i.e. the first State H, or in the region of low spread 
values, i.e. Second State L. 

0.054 The present invention can be realized in hardware, 
Software, or as a combination of hardware and Software. Any 
kind of computer System-or other apparatus adapted for 
carrying out the methods described herein-is Suited. A 
typical combination of hardware and Software could be a 
general purpose computer System with a computer program 
that, when being loaded and executed, controls the computer 
System Such that it carries out the methods described herein. 
The present invention can also be embedded in a computer 
program product, which comprises all the features enabling 
the implementation of the methods described herein, and 
which—when loaded in a computer System-is able to carry 
out these methods. 

0.055 Computer program means or computer program in 
the present context mean any expression, in any language, 
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code or notation, of a Set of instructions intended to cause a 
System having an information processing capability to per 
form a particular function either directly or after either or 
both of the following a) conversion to another language, 
code or notation; b) reproduction in a different material 
form. 

1. A method for adapting a transmission parameter in a 
transmitting node of a data communication System to the 
current link quality of a data communication channel, the 
adapted transmission parameter being Selected by the trans 
mitting node from a Set of transmission parameters in 
dependence on a number of Successful transmissions the 
number of Successful transmissions being compared in the 
transmitting node against one of a first value corresponding 
to a first State of the transmitting node and a Second value 
corresponding to a Second State of the transmitting node, the 
method comprising in the transmitting node the Steps of 

counting the number of Successful transmissions, 
Selecting the adapted transmission parameter 

in response to the number of Successful transmissions 
equaling or exceeding the first value when the trans 
mitting node is in the first State, and 

in response to the number of Successful transmissions 
equaling or exceeding the Second value when the 
transmitting node is in the Second State; and 

in dependence of the Success or failure of a Subsequent 
transmission, operating the transmitting node in one of 
the first State and the Second State. 

2. Method according to claim 1, wherein the Step of 
operating the transmitting node in the Second State further 
comprises in the event of a faulty transmission transitioning 
to the first state. 

3. Method according to any preceding claim further 
comprising Setting the first value to 3 and the Second value 
to 10. 

4. Method according to claim 1, further comprising count 
ing a number of faulty transmissions and Selecting the 
adapted transmission parameter in dependence of a thresh 
old of the number of faulty transmissions. 

5. Method according to claim 4, further comprising Set 
ting the threshold of the number of faulty transmissions to 1. 

6. Method according to claim 1, further comprising Select 
ing the transmission parameter used by a responding 
receiver. 

7. Method according to claim 1, wherein the step of 
Selecting the adapted transmission parameter further com 
prises Selecting a different data rate. 

8. Method according to claim 1, wherein the step of 
Selecting the adapted transmission parameter further com 
prises Selecting a packet length different to the length used 
before. 

9. A computer program comprising program code means 
for performing the Steps of the method of claim 1, 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 Steps of the 
method of claim 1. 

11. An apparatus for adapting a transmission parameter to 
the current link quality of a data communication channel, the 
adapted transmission parameter being Selected from a set of 
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transmission parameters in dependence on a number of 
Successful transmissions, the number of Successful trans 
missions being compared against one of a first value corre 
sponding to a first State of the apparatus and a Second value 
corresponding to a Second State of the apparatus, the appa 
ratus comprising: 

a Success counter for counting the number of Successful 
transmissions, 

a Selecting unit for Selecting the adapted transmission 
parameter 

in response to the number of Successful transmissions 
equaling or exceeding the first value when the appa 
ratus is in the first State, and 

in response to the number of Successful transmissions 
equaling or exceeding the Second value when the 
apparatus is in the Second State, and 

a decision unit which in dependence of the Success or 
failure of a Subsequent transmission informs the Select 
ing unit to operate in one of the first State and the 
Second State. 

12. Apparatus according to claim 11, further comprising 
a failure counter for counting a number of faulty transmis 
Sions. 

13. An article of manufacture comprising a computer 
uSable medium having computer readable program code 
means embodied therein for causing adaptation of a trans 
mission parameter in a transmitting node of a data commu 
nication System, the computer readable program code means 
in Said article of manufacture comprising computer readable 
program code means for causing a computer to effect in the 
transmitting node the Steps of 

counting the number of Successful transmissions, 
Selecting the adapted transmission parameter 

in response to the number of Successful transmissions 
equaling or exceeding the first value when the trans 
mitting node is in the first State, and 

in response to the number of Successful transmissions 
equaling or exceeding the Second value when the 
transmitting node is in the Second State; and 

in dependence of the Success or failure of a Subsequent 
transmission, operating the transmitting node in one of 
the first State and the Second State. 

14. A program Storage device readable by machine, tan 
gibly embodying a program of instructions executable by the 
machine to perform method steps for adapting a transmis 
Sion parameter in a transmitting node of a data communi 
cation System, Said method Steps comprising the Steps of 
claim 1. 
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15. An article of manufacture comprising a computer 
uSable medium having computer readable program code 
means embodied therein for causing adaptation of a trans 
mission parameter in a transmitting node of a data commu 
nication System, the computer readable program code means 
in Said article of manufacture comprising computer readable 
program code means for causing a computer to effect in the 
transmitting node the Steps of claim 2. 

16. An article of manufacture comprising a computer 
uSable medium having computer readable program code 
means embodied therein for causing adaptation of a trans 
mission parameter in a transmitting node of a data commu 
nication System, the computer readable program code means 
in Said article of manufacture comprising computer readable 
program code means for causing a computer to effect in the 
transmitting node the Steps of claim 3. 

17. An article of manufacture comprising a computer 
uSable medium having computer readable program code 
means embodied therein for causing adaptation of a trans 
mission parameter in a transmitting node of a data commu 
nication System, the computer readable program code means 
in Said article of manufacture comprising computer readable 
program code means for causing a computer to effect in the 
transmitting node the Steps of claim 4. 

18. An article of manufacture comprising a computer 
uSable medium having computer readable program code 
means embodied therein for causing adaptation of a trans 
mission parameter in a transmitting node of a data commu 
nication System, the computer readable program code means 
in Said article of manufacture comprising computer readable 
program code means for causing a computer to effect in the 
transmitting node the Steps of claim 5. 

19. A computer program product comprising a computer 
uSable medium having computer readable program code 
means embodied therein for causing adaptation of a trans 
mission parameter to the current link quality of a data 
communication channel, the computer readable program 
code means in Said computer program product comprising 
computer readable program code means for causing a com 
puter to effect the functions of claim 11. 

20. A computer program product comprising a computer 
uSable medium having computer readable program code 
means embodied therein for causing adaptation of a trans 
mission parameter to the current link quality of a data 
communication channel, the computer readable program 
code means in Said computer program product comprising 
computer readable program code means for causing a com 
puter to effect the functions of claim 12. 


