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Abstract— System level simulation (SLS) is a good method for
evaluating the performance of wireless networks. By using a
single computer and simplifying the level of link level details it
provides a good measure of the performance for large-scale
complex wireless systems. Vienna downlink SLS is one of the
most popular tools used for the performance evaluation and
analysis of 4G LTE/LTE-A wireless networks. In this work we
implement 256-QAM module for Vienna SLS and complement
all the required parts of the simulator to support this
functionality. We also show how much performance gain can be
obtained when using 256-QAM in various simulation settings. It
is verified that the network performance does not increase much
in dense network deployments.

Keywords— 256-QAM, ViennaSLS,LLS,LTE

I. INTRODUCTION

Mobile data traffic is increasing exponentialy and is
expected to grow continuously according to the recent
investigations [1]. The modern mobile devices need to be
equipped with the most recent technological advances in order
to support the increasing demand in network resources. Such
technological advances may include advanced antenna
techniques, support of advanced modulation and coding
schemes (MCS), and etc. On the other hand, in order to
investigate and predict the network performance those
technical advances need to be implemented and analysed
using well-known analysis tools like link level simulators
(LLS) and SL Ses. Viennadownlink SLS[2] is one of the most
popular tools used for the performance evaluation and analysis
of 4G LTE/LTE-A networks. It supports various LTE/LTE-A
network configurations and realizations providing accurate
estimation of network efficiency from various technological,
topological, and spectrum aspects.

In this work we implement 256-QAM module for Vienna
SLS and complement all the required blocks of the simulator
to support this functionality. In order to support this MCS the
Vienna LLS has been used to obtain block error rates (BLER)
for the channel quality identifier (CQI) numbers where 256-
QAM s used. We also performed beta values calibration for
Mutual Information Effective SINR Mapping (MIESM) used
in SLS. The LLS has been also used for obtaining Bit-
Interleaved Coded Modulation (BICM) [3] curves aso needed
for MIESM effective SINR estimation. The CQI table used in
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the SL S has been also updated with the new table that includes
256-QAM. Performance evaluations show that the
introduction of 256-QAM does not significantly change the
overall network performance in dense urban network
deployments. This is because the 256-QAM is only efficient
when the serving cell’s signal quality is good, which may not
always be guaranteed due to the inter-cell interferences and
channel characteristics. However, a noticeable performance
gain is achieved when the Best CQI scheduler isused in single
cell scenario because it always assigns resources to the User
Equipment (UE) with the highest CQI, which maximizes the
network throughput while significantly degrading the fairness
index.

The rest of this paper is organized as follows: In section Il
We introduce the Vienna SLS and its basic capabilities. In
section 111 we provide some implementation details. In section
IV we provide simulation results under various settings and
show the network performance changes. Finaly, section V
concludes this paper.

Il. VIENNA SYSTEM LEVEL SIMULATOR

While the goa of LLS is to simulate the behaviour of a
single physical link, the goal of the SLS is to evaluate the
performance of a network as a whole. Vienna LTE/LTE-A
SLS provides such functionality by abstracting a physical
layer, because the detailed physical link simulation requires
vast computation resources, time consuming and thus, is not
feasible. Figure 1 shows the flowchart of Vienna SLS. A
Transmission Time Interval (TTI) is set to Ims and represents
one cycle, i.e. one subframe, of the simulation. Each eNodeB
collects a feedback information from each UE in the cell.
Based on the collected information it assigns resources to each
UE according to the pre-configured scheduling algorithm.
Each UE on the other hand, contains two modules namely
Link Quality Model (LQM) and Link Performance Model
(LPM). The major goa of LQM is to estimate the received
signal level considering respective pathloss model, fast fading,
inter-cell interference, shadow fading, etc. The LPM based on
the effective SINR value obtained from LQM and predefined
BLER curves decides whether data blocks contain error or can
be successfully received. The simulation statistics such as
throughput and error rates are updated based on the result of
LPM.
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Figurel. Flow chart of ViennaSLS

[11. 256-QAM IMPLEMENTATION DETAILS

A. BLER Curves

The new BLER curves with 256-QAM have been obtained
using Vienna LLS. The curves are used to obtain average
BLER in LPM of each UE. Figure 2 shows the BLER curves
used before adding 256-QAM, and figure 3 shows the newly
added data. CQI 12 — CQI 15 use 256-QAM modulation and
only usable when the received signal quality is approximately

more than 20 dB.
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Figure2. BLER curvesfor various MCS values corresponding the CQIsin
Table7.2.3-1[4]
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Figure3. BLER curvesfor various MCS values corresponding the CQIsin
Table7.2.3-2[4]

B. CQI Mapping

As it was stated previously each UE sends the CQI
feedback report to the corresponding eNodeB through the
uplink channel. However, each UE has to select and report the
most optimal CQI value, so that the network performance is
degraded due to the too optimistic CQI selection or
underutilization due to the lower CQI selection. Figure 4
shows two SNR to CQI mapping functions obtained for 10%
BLER. The lower graph shows the mapping function when the
CQI table with 256-QAM is used. For CQI 1 — CQI 4 the
growth rate is slower compared to the CQI 4 — CQI 15. This
can be also seen from the figure 3, where the gap between the
first four CQI curvesislarger.

After estimating the subcarrier SINR and averaging over
each Physical Resource Block (PRB), every UE performs
SNR to CQI mapping for each PRB and includes the result
into the feedback message. Based on the reported CQI values
the scheduler at each eNodeB performs resource assignment.

Using the mapping function allows to reduce the simulation
processing time.
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Figure4. SNRto CQI mapping function for 10% BLER
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Figure5. BICM capacity and linear fitting curves

C. BICM Capacity Curves

The BICM curves are used for obtaining average effective
SINR values needed for BLER estimation. This is a well-
known technique used in SLS for multicarrier systems. After
the estimation of SINR for each subcarrier and mapping to the
mutual information value, which can also be referred to as
capacity measured in bits per channel use (bit/cu), a simple
average capacity is derived. Which is then reverse-mapped to
the fina effective SINR value. Figure 5 shows the BICM
curves for each MCS. The “Numerical” curve shows the
numerical linear approximation envelope, while the
“Standard” curve shows the linearly interpolated efficiency
values from the Table 7.2.3-2 of [4]. Both fitting curves can
be used in the simulation and do not show notable differences
in performance results. We used the theoretical numerical
curvesin our simulations.

IV.PERFORMANCE EVALUATION AND ANALYSIS

A. Simulation Configuration and Parameters

Two simulation scenarios have been considered in the
performance evaluations. First, we configured a single cell
without any inter-cell interference to show how much
performance improvement can be achieved when link
condition in most cases is good. The signa has been only
affected by pathloss and fast fading. In the second scenario we
configured 1-tier hexagonal dense urban network with 7 tri-
sector sites, i.e. 21 cells and 20 users per each cell. This
scenario shows the amount of performance gain that can be
achieved in more redlistic network deployment such as
downtown areas. The simulations were performed with (w/)
and without (w/o) 256-QAM functionality. We also
configured a Proportional Fair (PF) [5] and Best CQI
scheduling algorithms for both scenarios. The traffic
generation has been set to full buffer, meaning that the
eNodeB has always data available for downlink transmission
to each UE. There were no uplink data transmissions. The
channel feedback delay has been set to 3ms. Table 1 shows
the summary of the simulation parameters.
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TABLE 1. SIMULATION PARAMETERS

Parameter Value

Distance b/w eNodeBs 500m

Number of eNodeBs 21 (1-tier, 7 sites)

Number of UEs 20/cell, 60/site, 420
total

Bandwidth 20 MHz

Frequency band 2.1GHz

Transmission Mode 4

Channel feedback delay | 3ms

Channel model 3GPPTU

Path loss model 3GPP Urban area

Antenna configurations | 2x2

Thermal noise density -174 dBm/Hz

Minimum coupling loss | 70 dBm

Transmit power 40w

Traffic model Full buffer

Scheduler type PF, Best CQI

Simulation time 100 TTI
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B. Performance Analysis

Figure 6 shows the average network performance for the
first scenario. When the PF scheduler is sued the is only 4
Mbit/s difference. However, changing the scheduler to Best
CQI immediately increases the difference to 29 Mbit/s. The
PF scheduler assigns the network resources fairly, considering
the history of resource usage and average achievable
throughput of each UE. On the other hand, Best CQI
scheduler assigns the PRB only to the UE with the best
(highest) CQI vaue in that PRB. Obvioudy, with such
resource allocation the PRBs will be allocated to the UEs
located close to the eNodeB. This is the reason why the cell
edge users in case of Best CQI scheduler experienced
starvation.

Figure 7 shows the results for the second scenario.
Surprisingly the average throughput did not increase much
compared to the scenario w/o 256-QAM. This is because of
poor signal quality due to the inter-cell interference. Figure 8
shows the fairness indices for the second scenario, which are
very similar with the results from the first scenario.
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Figure 6. Average cell throughput for the single cell scenario with and
without 256-QAM considering PF and Best CQI schedulers
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Figure 7. Average cell throughput for the dense multi-cell scenario with and
without 256-QAM considering PF and Best CQI schedulers

Figure8. Averagefairnessindex for the dense multi-cell scenario with and
without 256-QAM considering PF and Best CQI schedulers
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V. CONCLUSION

In this paper we implemented 256-QAM module for
Vienna SLS and complement all the required blocks of the
simulator to support this functionality. Vienna LLS has been
modified to obtain block error rates (BLER) for the channel
quality identifier (CQI) numbers where 256-QAM is used.
The LLS has been modified for obtaining Bit-Interleaved
Coded Modulation (BICM) curves and the numerically
approximated envelope, also needed for MIESM effective
SINR estimation, has been added to the SLS. The new CQI
mapping function has been derived for the feedback
generation.

Performance evaluations show that with 256-QAM and
without any interferences from neighbour cells the average
network throughput increases dramatically if the aggressive
Best CQI scheduler is used. However, there is no much
performance improvement in dense urban deployments for
both schedulers due to the severe inter-cell interference.
However, one has to note that in non-full buffer scenarios with
less interference the UEs with good signal quality may
experience faster data transmissions.
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