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Abstract: The operation of Link Adaptation
algorithms is based on channel quality estimates. It
is therefore important to analyse the performance
of such algorithms with link level models that
properly capture the channel conditions and
dynamics. Previous research [1] concluded that the
use of simple link level models does not give an
accurate prediction of the estimated performance
of Link Adaptation algorithms. Following this
previous work, this paper shows that the link level
model considered for the study of Link Adaptation
algorithms can also influence the decisions
regarding the optimum configuration of the
algorithm.

1. Introduction

The increasing demand for traditional and new
mobile communication services and the limited
available bandwidth requires the design and
implementation of advanced techniques that efficiently
use the scarce radio resources [2]. Link Adaptation
seeks to achieve this objective by adaptively selecting
a suitable transport mode, according to a predefined
criteria, that is optimised for the experienced channel
quality conditions. Although Link Adaptation (LA)
was initially proposed for 3G systems, it has been
recently considered for the evolution of both 2G and
3G systems. In fact, LA is a key technology for the
Adaptive Multi-Rate codec (AMR), General Packet
Radio Services (GPRS), Enhanced Data rates for GSM
Evolution (EDGE) and High-Speed Downlink Packet
Access (HSDPA) systems.

The performance evaluation of a cellular system is
usually conducted at two different levels: system level
and link level. While the former models a mobile radio
network, the later models the radio link at the bit level.
Link-to-system level interfaces are hence necessary to
study the overall performance. Different levels of
accuracy in the representation of transmission errors
and in the representation of the inherent variability
present in the radio channel can be targeted with such
interfaces, depending on the particular study carried
out at the system level. System level studies, including
many concerning the performance of LA algorithms,
are usually based on simple link-to-system level

interfaces that model errors at the block level and do
not include fast fading at the system level. Different
studies (e.g. [3], [4] and [5]) have proposed new link-
to-system level interfaces that improve the accuracy in
the representation of the link level behaviour. The
study presented in [6] evaluated the capacity of an
EDGE system considering an accurate link-to-system
level interface based in [4]. The authors conclude that,
although in terms of capacity their results were similar
to those presented in [7], where a simple link-to-
system level interface was used, improved interfaces
should be considered since they allow a more accurate
modelling of link quality control schemes (such as
Link Adaptation).

Previous work [8] has analysed the configuration of
LA algorithms for varying operating conditions
affecting the channel quality dynamics. In particular,
[8] studied the LA performance for several LA
updating periods. An LA updating period defines how
regularly a decision is made, by the LA algorithm, on
the most suitable transport mode. Since research
presented in [1] showed the importance and necessity
of using sophisticated link-to-system level interfaces to
accurately evaluate the estimated performance of LA
algorithms, the work presented in [8] was conducted
using a link-to-system level interface working at the
burst level and introducing the effect of fast fading at
the system level. The results presented in [8] indicated
that the shortest updating period (20ms, i.e. the time
necessary for transmitting a Radio Link Control block)
can increase the throughput to a percentage of samples
but it also increases the number of samples with low
bit rates. Additional results also showed that the
shorter the LA updating period the higher the Block
Error Rate (BLER). This last observation contradicts
that obtained in [9], where the simulation results
presented suggest that an improvement in the BLER
performance can be obtained if using the shortest LA
updating period. Although the study presented in [9]
considered an EDGE system and different system
parameters, it is important to note that it was
conducted using simple link-to-system level interfaces
that model radio transmission errors at the block level.
Taking into account the results obtained in [8] and [9]
and the fact that both studies were conducted using
different types of link-to-system level interfaces, the
aim of this work is to investigate whether the link-to-



system level interface used may have an effect on the
predicted dynamics of the LA updating periods and
therefore on the decisions about how to configure the
LA algorithm to maximise the system performance.

2. General Packet Radio Services

This study has been conducted for packet data
transmissions in a GPRS-like system. The GPRS radio
interface can be modelled as a hierarchy of logical
layers with specific functions [10]. This work focuses
on the RLC/MAC and physical layers.

Prior to transmission, data packets are segmented
into smaller data blocks across the different layers,
with the final logical unit being the Radio Link
Control (RLC) block. The resulting RLC data blocks
are then coded and block-interleaved over four normal
bursts in consecutive TDMA frames. The RLC block’s
data field length will depend on the particular Coding
Scheme (CS) used.

The GPRS standard defines four different coding
schemes; their main characteristics are shown in Table
1. These four coding schemes offer a trade-off
between throughput and coding protection, paving the
way for the application of dynamic LA to GPRS.

Scheme Coderate Payload Data rate (kbits/s)
CS1 1/2 181 9.05
CS2 ~2/3 268 134
CS3 ~3/4 312 15.6
CS4 1 428 214

Table 1: GPRS coding scheme characteristics

3. Simulation Tools

This section presents the link and system level
simulation tools developed and used to conduct this
research. The different interfaces considered between
these two levels will be described in section 4.

3.1. Link Level Simulation Tool

The link level tool, described in full detail in [11],
has been used to produce the different link-to-system
level interfaces necessary for the assessment of LA in
a packet-switched environment. The tool, illustrated in
Figure 1, models the full GPRS transmission chain by
means of a C++ simulator that implements the GPRS
coding schemes and models the radio transmission
errors by means of a database of error patterns. These
error patterns were previously obtained with the bit
level simulation package COSSAP. The main benefit
of this simulation approach is that it significantly
reduces the simulation time whilst maintaining the
accuracy of the radio link quality representation [11].
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Figure 1: GPRS link level simulator

The link level simulations have been conducted for
a typical urban channel model and under an
interference-limited environment following ETSI
recommendations [12].

3.2. System Level Simulation Tool

The system level analysis has been conducted using
an event-driven simulator working at the burst level
[8]. The time-scale resolution considered ensures a
high modelling accuracy and allows to account for
sudden channel quality variations. The system level
simulator models the channel quality in terms of the
Carrier to Interference Ratio (CIR). To calculate the
CIR, the simulator considers the first and second tier
of co-channel interferers. The pathloss is predicted
using the Okumura-Hata model. Although this model
was based on measurements done for distances greater
than 1km, the model can be extended for distances
below 1km [13]. The shadowing has a log normal
distribution with a standard deviation of 6dB and a
decorrelation distance of 20 meters.

The simulation tool models a cellular network of
equally sized 3-sector macro cells, with a cluster size
equal to four. Each cell has a radius of lkm and each
sector has been assigned two carriers. Although
mobility has been implemented, handover between
sectors has not been considered. As a result, mobile
stations are connected to the closest base station and
not to the best serving base station. The boundary
effects have been removed by using a wrap-around
technique.

Two different traffic sources have been
implemented, WWW browsing and email, with the
traffic type evenly distributed among users at 50%. No
channel partition has been applied between the two
services and results are collected individually for each
type of traffic from the central cell. Both traffic
sources have been implemented as an ON/OFF model.
For both traffic models, the transmission of a new
packet cannot start until the previous transmission has
finished, i.e. all the data has been correctly received.
The active transmission time will hence depend on the
link quality conditions. Users are assigned channels in
a first-come-first-served basis and the channel is kept
until all its data has been correctly transmitted. A
single slot allocation strategy has been implemented
by means of a random allocation scheme. Since the
work considers non real-time data services that require
a highly reliable transmission, an ARQ protocol has
been implemented to request the retransmission of
erroneous blocks; the protocol has been implemented



following the GPRS specifications. A perfect feedback
of the ARQ report with no RLC block loses has been
assumed.

4. Link-to-System Level Interfaces

As previously mentioned, the study of a cellular
system is usually performed at two different levels:
system and link level. The reason for this separation is
the high computational requirements generally
associated with the link level analysis. Usual
procedures to interface both levels are to use the link
level analysis as a source of information for the system
level. The link level performance is then represented
by a simplified model consisting of a set of look-up
tables mapping the CIR to a given link quality
parameter such as the BLER. Different levels of
accuracy can be targeted with the look-up tables
depending on the particular study carried out at the
system level. For this work, two different types of
link-to-system level interfaces, each with a different
degree of accuracy, have been produced.

The first approach, generally used in the literature
for system level investigations (e.g. in [9]), works at
the RLC block level and will therefore be referred in
the rest of this paper as block level modelling. This
approach maps the mean CIR experienced over the
four bursts used to transmit a RLC block to the final
block quality measure, e.g. BLER. An example of this
type of LUT is illustrated in Figure 2, for all GPRS
coding schemes, a speed of 50km/h and without
considering the use of frequency hopping.
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Figure 2: Block level modelling LUT (BLER vs C/I in dB)

The combined effects of convolutional coding and
interleaving make the block errors dependent not only
on the mean block quality but also on the quality
distribution among the four bursts used to transmit a
RLC block. To accurately model block errors, a more
sophisticated approach modeling the link level
performance at the burst level has been considered.
This second approach, based in [3], will be referred in
the rest of this paper as burst level modelling. The
burst level interface is composed of two sets of LUTs.

The interface requires as input from the system
level the mean CIR experienced in a given burst. This
mean CIR value takes into account the pathloss,

shadowing and interference relationships in the
system. The first interface (LUT-1) extracts the burst
link quality, represented by means of the Bit Error
Rate (BER), for the measured burst CIR. As illustrated
in Figure 3, this interface is represented as a
cumulative distribution function (cdf) of the BER for a
given CIR. As a consequence, there will be a burst
quality cdf for each local mean CIR. A random process
is then used to generate the actual BER from the
corresponding cdf. The random procedure allows
modelling the effect of fast fading on the BER, thereby
including the fast fading at the system level, since in
fact we can obtain different BER values for the same
mean CIR. The BER is then estimated for the four
bursts used to transmit a RLC block and a second
interface (LUT-2) maps the mean BER and the
standard deviation of the BER over the four bursts to a
corresponding BLER value. Figure 4 shows an
example of LUT-2 for CS1, a speed of 50km/h and
without considering the use of frequency hopping. The
BLER varies between 0 and 1. Negative values have
been used to differentiate the case where the BLER is
equal to 0 and the case where a given combination of a
mean and standard deviation of burst quality never
occurred in the link level simulations.
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Figure 3: Burst level modelling interface: LUT-1 (50kmh,
CIR=6dB)
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Figure 4: Burst level modelling interface: LUT-2



5. Link Adaptation Algorithm

As already discussed, the basis of LA is to assess
the channel conditions and then use a CS that is
optimised for these conditions, according to a
predefined criteria. Since this work is based on non-
real time data services, a CS is considered to be
optimum if it maximises the throughput. The criterion
here considered for selecting a particular coding
scheme was also proposed in [14] for the study of the
EDGE performance. The throughput is defined as
follows:

Throughput = Res x (1 — BLER cs) 1

with Rcs and BLER 5 being the data rate and BLER for
a given CS.

The LA switching thresholds define the boundaries
between the regions where each CS maximises the
throughput. Since the throughput is defined as a
function of the BLER in equation (1), the
representation of these boundaries depends on the
modelling approach used to represent the link level
performance. For the block level modelling approach,
the switching thresholds are obtained using the LUTs
illustrated in Figure 2 and equation (1) for all the
GPRS coding schemes. As a result, each LA switching
threshold is represented by a single point
corresponding to a given value of the mean CIR [1].
On the other hand, if the burst level modelling
approach is considered, the BLER does not depend
anymore only on the mean burst quality but also on the
standard deviation of the burst quality. Consequently,
using equation (1) and the type of LUT illustrated in
Figure 4, for all GPRS coding schemes, the LA
switching thresholds are defined in this case as a
collection of points, each representing a combination
of mean and standard deviation of burst quality values
[1].
The LA algorithm uses the quality measurements
over the previous reporting period to decide on the
optimum CS. The mean burst quality and the standard
deviation of the burst quality over a block for each
transmitted block during the last reporting period is
filtered to get the quality measurements necessary for
the LA algorithm. A filter with a rectangular shape has
been applied throughout. In this work, a fixed initial
coding scheme, CS4, has been selected at the
beginning of each new data transmission.

Although the current GPRS standard does not
contemplate CS changes for retransmissions, it has
been considered here so that results are not
conditioned by GPRS limitations.

6. Simulation Results

6.1. Performance Metrics and Evaluation Scenarios

The study presented in this paper only considers the
downlink performance. The results presented in this
paper correspond to a load of 16 users per sector,
which represents an average bandwidth occupancy of

45%, users receiving WWW traffic and a mobile speed
of 50km/h. Four different LA updating periods have
been considered: 20ms, 60ms, 100ms and 200ms. An
updating period of 20ms is the shortest possible one
since it corresponds to the transmission time of a
single RLC block in the GPRS standard.

As it has been previously explained, the aim of the
LA algorithm implemented for this work is to
maximise the system throughput performance. As a
result, one of the main performance metrics considered
is the cdf of the throughput. The cdf of the throughput
allows the assessment of the performance of an LA
algorithm for the whole range of bit rates. The
throughput is measured per user and is defined as the
total number of bits successfully transmitted over the
air interface divided by the radio transmission time:
the throughput is measured over intervals of four
seconds whenever the user is active. The throughput is
collected for all users in the centre cell and the cdf of
the throughput is therefore used to provide an
indication of the system performance. The cdf of the
throughput is also used to extract the minimum
throughput for 95% of the samples, which is a frequent
performance metric employed to analyse packet
switched systems. The cdf of the BLER is also of
interest since it provides an indication of the operation
of the LA algorithm. The BLER values are also
calculated over radio transmission intervals of four
seconds.

In order to ensure results with good statistical
accuracy, each simulation scenario simulates the
transmission of more than 30 x 10° RLC blocks in the
central cell.

6.2. Results

Figure 5 plots the throughput performance, using
the block level modelling interface, for various LA
updating periods. The results presented in this figure
correspond to a load of 16 users per sector, a mobile
speed of 50km/h and users receiving WWW traffic.
Figure 6 illustrates the throughput performance for the
same operating conditions as Figure 5 but this time
using the burst level modelling approach to interface
the link and system level studies. The direct
comparison of figures 5 and 6 shows the difference in
the predicted operation of LA for various LA updating
periods depending on the link-to-system level interface
used.

Using the block level modelling approach would
predict that the LA performance is identical for the
shorter LA updating periods and only slightly lower as
the LA updating period increases. As shown in Figure
6, the difference in the predicted LA performance for
different updating periods is much more significant
with the burst level modelling approach. The main
difference between the simulation results obtained
with both link-to-system level interfaces is the
predicted LA performance with a 20ms updating
period. Considering the block level modelling
approach would conclude that a 20ms LA updating
period outperforms the other LA updating periods for
the whole range of bit rates. However, the analysis



conducted using the burst level modelling approach
shows that, actually, the 20ms LA updating period
gives the best throughput to only a percentage of the
samples and it also increases the number of samples
with low bit rates. Taking into account the different
modelling procedures of each type of link-to-system
level interface, the burst level modelling approach
represents the inherent variability present in the radio
channel more accurately than the block level
modelling approach. Consequently, using the burst
level modelling approach provides a better indication
of the true LA performance and operation. The results
presented here show that the use of simple link-to-
system level interfaces can also lead to inappropriate
decisions with respect to the configuration of LA to
maximise system performance.
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Figure 6: Throughput cdf using the burst level modelling approach
(WWW traffic, S0km/h, 16 users per sector)

The same observation is made if the highest
minimum throughput for 95% of the samples is
considered. According to the results shown in Figure
5, a study using the simple link-to-system level
interface, modelling the performance only at the block
level, would suggest that a 20ms LA updating period
provides the highest minimum throughput for 95% of
the samples. However, when considering more

realistic link-to-system level interfaces, such as the
ones produced using the burst level modelling
approach, the obtained results show that the 20ms LA
updating period actually provides the lowest minimum
throughput for 95% of the samples. A similar
behaviour was also observed if the considered quality
metric is the average throughput.

The effect of the link-to-system level interfaces is
more apparent as the BLER performance is analysed.
The analysis conducted using the burst level modelling
approach, and illustrated in Figure 7, showed that the
BLER experienced decreases with increasing LA
updating periods. On the other hand, Figure 8 indicates
that if the study is conducted using the block level
modelling approach, the simulation results would give
the impression that the BLER actually decreases with
shorter LA updating periods. It is important to note
than in this case the conclusions obtained would
coincide with that presented in [9], where a link-to-
system level interface based on the block level
modelling approach is also used. These results clearly
illustrate the importance of using accurate link-to-
system level interfaces for extracting appropriate
conclusions on the performance and configuration of
LA algorithms from studies carried out by computer
simulations.
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Figure 7: BLER cdf using the burst level modelling approach
(WWW, 50km/h, 16 users)
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7. Conclusions

The research presented in this paper has analysed
the effect that different link-to-system level interfaces
have on the study of the optimum configuration of
Link Adaptation algorithms in mobile radio networks.
The results obtained show that using simple link-to-
system level interfaces not only fails to give an
accurate prediction of the LA performance but it can
also lead to the adoption of inadequate decisions about
the optimum configuration of the LA algorithm in a
practical system. In particular, while a study conducted
using simple link-to-system level interfaces would
indicate that the system performance is maximised
with the shortest LA updating period, the conclusions
obtained using more accurate and realistic interfaces
differ. The use of these accurate interfaces actually
shows that using the shortest LA updating period can
degrade considerably the system performance. It can
therefore be concluded that this paper has emphasised
the importance of using appropriate link-to-system
level interfaces to predict the performance and
operation of LA algorithms.
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