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ABSTRACT

Link Adaptation should select the best modulation and coding scheme (MCS) which gives the highest
throughput as channel conditions vary. Several link adaptation algorithms for wireless local area network (WLAN)
have been proposed but for the future WLAN systems such as 802.11n system, these algorithms do not
guarantee the best performance. In this paper, we propose a new link adaptation algorithm in which an MCS
level is chosen by the received SNR plus the offset value obtained from the transmission results. The
performance of proposed algorithm is simulated by an IEEE 802.11n system. From the analysis, we conclude the
proposed algorithm performs better than the well-known link adaptation algorithms such as auto rate fallback and
general SNR-based techniques. Particularly, the proposed algorithm improves throughput when the packet error

ratio (PER) is constrained for fast fading channels.

I. Introduction to prepare for increasing demands for multimedia
services such as high-resolution TV and video on

Wireless local area network (WLAN) technology demand, a next generation high-speed WLAN
has gained immense popularity in recent years. IEEE standard, which is called 802.11n, has been
802.11 technical group has proposed several announced”. The standard offers numerous
standards for WLAN from 802.11a to g“"”. In order modulation and coding scheme (MCS) levels to
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adapt transmission rate to varying channel condition,
which is called link adaptation. Since the standard
does not specify rate control algorithms, there is a
freedom to use different type of link adaptation
algorithms.

Link adaptation algorithms for WLAN have been
developed by many researchers’®'?. Most of them
are based on channel statistics feedback or
acknowledgement (ACK) message reception. These
algorithms are inherently slow. Thus, when the link
conditions degrade rapidly (e.g., when the user
mobility is high), communication drop-out may
occur. The short-term drop-out is normally handled
by packet retransmission which increases packet
delay significantly. This problem is tolerable for
download applications, but is critical for streaming

applications[ 101,

Therefore, a new link adaptation
algorithm is needed in order to address the quality
of service (QoS) issues for the future multimedia
services.

In this paper, we propose a new link adaptation
algorithm. It is similar to conventional SNR based
link adaptation approaches in that a SNR-throughput
lookup table is used. The difference is that it uses
SNR offset to simplify the lookup table for different
channel conditions. This paper is organized as
follows. In Section II, conventional link adaptation
algorithms to be compared are briefly reviewed.
Next, the proposed link adaptation algorithm is
presented in Section III. Simulation results and
performance comparisons are described in Section
IV. Finally, this paper makes its conclusion in
Section V.

II. Conventional Link Adaptation
Algorithms

2.1 Auto rate fallback (ARF) link adaptation

In the 802.11 system, all successfully received
data frames are acknowledged by sending an ACK
frame to the sender. Hence, the number of
consecutive ACK reception can be a measurement
of the current channel condition. The algorithm is
summarized as follows!'":

1) It is assumed that changes in rates occur only by
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moving up or down one link rate.

2) Defines the three counting thresholds:

- Step-up threshold 4,
- Fallback threshold A,
- Probation threshold N,(</,)

3) If consecutive ACK messages are received, the
transmission rate is increased by one step.

4) If consecutive ACK messages are missed, the
transmission rate is decreased by one step.

5) When the rate is increased, a probation state is
used before committing to the new rate. If all of
the next ACK messages are correctly received,
the current rate is kept; otherwise, the
transmission rate is reduced to the previous
slower rate.

The optimal settings of the three thresholds are
dependent on the link and the applications, but fixed
thresholds are typically used in practice.

Although the ARF algorithm can be easily
implemented by using only three counters, it has
some disadvantages. Since the transmission rate
moves up or down by only one step, the link
adaptation speed is slow. The transition time also
depends on initial MCS setting. Thus, its
performance is poor in a fast fading channel.
Moreover, when the short error bursts occur, the
ARF algorithm causes throughput loss because
moving to a higher rate takes much longer time than
to a lower rate due to the need to collect meaningful
channel statistics and to prevent oscillation. In
addition to that, it is difficult and time-consuming to
find out three optimal thresholds satisfying a PER
constraint, which plays an important role of QoS.

2.2 SNR-based link adaptation

The SNR is directly related to the bit-error rate
(BER) and to the channel capacity. Consequently,
the SNR can be a good link quality indicator. If we
know the current SNR and the SNR-throughput
curves for each MCS level, the rate selection
problem can be solved easily by switching to the
rate which gives the highest throughput for the
current SNR. This process can be implemented
efficiently by using a SNR-throughput lookup table.
If QoS needs to be satisfied, SNR-packet error ratio
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(PER) curves can be used instead of
SNR-throughput curves. For example, Fig. 1(a) and
Fig. 1(b) show throughput and PER versus SNR
curves for eight 802.1ln SISO MCS levels,
respectively. We can then construct lookup tables
like Table 1 and 2 by means of Fig. 1. It is
interesting to note that some MCS levels are not
used, which is different from the ARF algorithm.
In spite of fast link adaptation speed, SNR-based
techniques have not been applied in practice because
it is difficult to get a reliable estimate of the SNR
of a link. Since a lookup table depends on channel
statistics, the rate corresponding to a given SNR in
the lookup table may not be optimal for different
channel conditions. There is a trade-off between
throughput and PER. Even with this algorithm, it is
also difficult to find the relationship of SNR range
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Fig. 1. Throughput and PER versus SNR curves for

802.11n SISO MCS levels (TGn channel model “B” was
used")

Table 1. SNR thresholds for link adaptation without PER
constraint

MCS level 1 2 3 4 3 6 1
Data rate (Mbps) | 13.0 | 195 | 260 | 39.0 | 3520 | 585 | 63.0
SNR range (dB) | <10 | 10-12 | 12-17 | 17-22 | 22-27 | 2731 | >31

Table 2. SNR thresholds for link adaptation with PER
constraint of 10%

MCS level 0 1 3 4 5 6
Data rate (Mbps) | 6.5 130 | 260 | 390 | 520 | 585
SNR range (dB) | I1-14 | 1420 | 20-26 | 26-29 | 29-32 | »32

and data rate which satisfies both PER constraint

and maximum throughput at once.

. Proposed Link Adaptation Based on
SNR Offset

We propose a new link adaptation algorithm
which can overcome the disadvantage of the existing

algorithms in Section II.

3.1 Algorithm summary
The SNR offset algorithm is summarized as
follows:

1) Construct the SNR-throughput lookup table
off-line for several different wireless channels.

2) The offset value is initialized as zero at first.

3) In the receiver, if a packet error occur, the offset
value is increased by a.

4) If the current estimated SNR value plus the offset
value exceeds the maximum SNR value of the
lookup table, the offset value is not increased.

5) If the received packet does not have an error, the
offset value is decreased by [.

6) If the current estimated SNR value plus the offset
value is less than the minimum SNR value of the
lookup table, the offset value is not decreased.

7) Add the updated offset value to the estimated
SNR.

8) Choose an MCS level corresponding to the
modified SNR value in the table.

9) The receiver requests the next packet with the
selected MCS level.

The block diagram of the proposed algorithm is
demonstrated in Fig. 2. If the SNR value can be fed
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Fig. 2. Block diagram of the SNR offset link adaptation
algorithm

back to the transmitter, 8) can be done in the

transmitter.

3.2 Advantages of the SNR offset algorithm

Unlike the ARF algorithm in which the initial
MCS level setting is important for shortening
transition time, the proposed algorithm achieves
short transition time and fast link adaptation speed.
algorithm
SNR-throughput lookup table for choosing a proper
MCS level as in the conventional SNR- based
technique. Consequently, it is more robust than the
ARF algorithm in fast fading channels with short

Because  the basically uses a

error bursts.

As mentioned above, the optimal SNR-
throughput lookup table depends on the channel
condition. Therefore, in conventional SNR-based
algorithms, the selection of the optimal table is one
of the most critical issues for the performance.
However, in the proposed algorithm, we used a
fixed SNR-throughput lookup table averaged over
various channel conditions. In the following
simulation results, it will be shown that the proposed
algorithm performs well even if the used table is
different from the optimal table. That is, unlike the
conventional algorithms that depend on the accuracy
of the estimated SNR and the lookup table, this
algorithm can overcome SNR estimation error and
mismatch between an MCS level and the SNR by
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using the SNR offset value. Furthermore, the offset
value plays an important role in meeting the PER
constraint. We found that the ratio of and is
directly related to the PER performance from
various simulations. For example, if PER is smaller
than 0.1, we can set «=0.1 and S=1.0 (dB).
Although « and [ should be found empirically as
the counting thresholds of the ARF, it is comparably
easier to meet the PER constraint in the proposed
algorithm than in the ARF algorithm.

3.3 SNR estimation

Although the SNR offset can compensate
estimation errors, the accuracy of SNR estimation is
still an important issue. Because if we obtain more
accurate SNR estimation, the transition time which it
takes for an MCS level to be stable becomes much
shorter. Thus, accurate SNR estimation can alleviate
the throughput loss. One WLAN frame consists of
several OFDM symbols. Generally, SNR is
estimated by using the preamble of a frame. But
when a user mobility is high, the channel may not
stay fixed over a frame length any more. In order to
address the fast fading problem, we propose two
new SNR estimation methods.

Instead of using the preambles of each frame, the
instantaneous SNR can be estimated by using the
pilot and the null tones of the OFDM data symbols
in a frame. The signal power of the nth frame can
be denoted by

> 1
SR Y
. i, ey}
YL LS
where L, is the number of pilot tones, and L, is the
number of data symbols in a frame. p, ; is the value

of ith pilot tone of jth data symbol. Similarly, the
noise power of the nth frame can be represented as

S5 1 2
0= L L Z'ni,jl7 (2)

where L, is the number of null tones, and n, ; is the

value of ¢th null tone of jth data symbol.

To average the instantaneous signal and noise
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power, two methods are proposed. In the first
method, the signal power and the noise power of nth

frame can be obtained by means of the weighted

average as
o?(n) = A(n) + (1= No*(n—1), 3)
o2 (n) = Ao2(n) + (1= N)o2(n—1), @)

where A is a value near 1. Finally, the SNR of the
nth frame can be estimated by

(&)

In the second method, we use the channel
capacity formula in [13]. When the bandwidth W
and SNR p is given, the channel capacity can be
denoted by

C'= Wlog,(1+p). ®)

SNR can then be given by

Sl

p=2"—1 @

Since the SNR p is random, we can denote the

expected value of the capacity by
E[C] = WElog,(1+p)]. ®)

If we assume p is an ergodic random variable,

we have

n

ElCl~ W= 3 log,(1+p)

Nk:nfl\'
. . ©)
=Mog, ] 1+p)7,
k=n—N+1
where p, is given by
Uz(k) (10)
pk Un(k)

Therefore, from (7) and (9), the average SNR can
be expressed as

n

SNR(n) = I (1+p)

k=n—N+1

=

1. (11)

IV. Simulation Results

4.1 Simulation conditions

We implemented the physical layer of the IEEE
802.11n systemli] using MATLAB. In order to
compare the performance of ARF, a general
SNR-based technique, and the proposed SNR offset
algorithm, we tested with only eight MCS levels of
the 802.11n single-input single-output (SISO)
environment. Simulation parameters are presented in
Table 3. In addition, perfect synchronization and
channel estimation are assumed. In the ARF method,
the three counting thresholds are set to be N, =8,
N;=1, and N, =0, respectively. These values are
empirically found to be best in the given
environment. In the SNR-based method and the
proposed method, for each MCS level, the
SNR-throughput curves were obtained by averaging
throughput values for the 802.11n channel models
(from A to E)m]. 30,000 packets were used to
generate the SNR-throughput lookup table, which
was shown in Table 4. It was obtained from the
SNR-throughput curves by choosing the MCS level

Table 3. Simulation parameters

[ Parameters | Value |
PLCP format High throughput mixed mode
Data length per frame 160by tes
Guard interval 800ns
Bandwidth 20MHz
Carrier frequency SGHz
Used MCS levels Oto7

802.11 TGn A to E
Channel coding Convolutional code
Number of antennas Ti=1Rx=1
Receiver ZF

Used channel model

Table 4. SNR-throughput lookup table for 802.11n SISO
MCS levels

MCS level 0 1 3 Il 3 6 7
Data rate (Mbps) | 65 | 13.0 | 260 | 39.0 | 520 | 385 | 630
SNR range (dB) | <3 | 3-12 | 12-18 | 18-22 | 22-29 | 29-34 | >34
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generating maximum throughput value. Note that the
MCS level 2 is excluded because throughput of
other levels is higher than that of level 2, where
SNR is estimated by the method of (5). In the
proposed method, the SNR offset and are set to be
0.1 and 1 (dB), respectively, which makes PER
below 0.1.

4.2 Performance comparisons

The throughput and the PER performances of the
three link adaptation algorithms are shown in Fig.
3(a) and 3(b), respectively. From Fig. 3(a), we
observe that the performance degradation of the
ARF algorithm is significant when the Doppler
frequency is increased from 7Hz to 300Hz. When
the SNR is 25dB, the throughput loss is about 20
Mbps. However, the throughput loss is only about
12 Mbps in the proposed algorithm. The conventional

SISO, Channel B
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Fig. 3. Performance comparison of the three link
adaptation algorithms in slow and fast fading channels
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SNR-only algorithm shows good throughput
performance when Doppler frequency is high, but
from Fig. 3(b), the PER is very high especially in
the range the SNR-only algorithm shows good
throughput performance. On the other hand, the
proposed (SNR offset) algorithm not only shows
good throughput performance, but also satisfies the
PER requirement.

The performance of the proposed algorithm for
various channels is demonstrated in Fig. 4. The
proposed algorithm shows robust behavior for each
channel. The use of the SNR offset value allows us
to use only one SNR-throughput lookup table for
different channel conditions. Finally, we compared
the SNR estimation methods in Section III-3. In Fig.
5, the first estimation method corresponds to (5),
and the second to (11). The second method showed
higher performance. It should be noted that the

SNR+OFFSET, SIS0, F=7Hz
70

—s— Chanrel A )
—&— Channel B : -]
60 - —&— Channel G| ---+- =5
—— Channel D :
—s— Channel E
50— o
w
&
ZADf i .
5
a
=3 : : : ; ; : :
i I R T T
=
=
20 B
10f-- i
o N
0 5 10 15 20 25 30 a5 40
Receive SNR (dB)
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(b) PER versus receive SNR curves

Fig. 4. Performance of the proposed SNR offset algorithm
with different channel models
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performance can vary depending on the number of
samples and the sampling duration.

V. Conclusion

In this paper, we proposed the SNR offset link
adaptation algorithm. Simulation results show that
better than the ARF
algorithm and the general SNR-based technique

the algorithm performs

especially in fast fading channels. The proposed
algorithm has faster response in terms of link
adaptation while it satisfies the PER requirement at
the same time. It appears to be a good link
adaptation technique for QoS sensitive applications.
Since the number of available MCS levels gets
larger as the number of transmit antennas increases,
fast link adaptation will be more important in
MIMO systems than in SISO systems. Although
simulations are performed for the SISO case in this
paper, the proposed algorithm
extended to the MIMO case.

can be easily
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