
10

obtained when analyzing the performance of WiMAX and742

High-Speed Downlink Packet Access (HSDPA) in [77].743

Figure 10 furthermore shows that for SNRs lower than744

14 dB, the TxD mode outperforms OLSM. Only at larger745

SNRs, above 20 dB, where the throughput of the TxD mode746

saturates, OLSM benefits from the second spatial stream and747

outperforms TxD.748

Figure 10 can be reproduced by executing the script Phys-749

ical Layer batch.m provided in the Vienna LTE Link Level750

Simulator package.751

B. LTE Scheduling752

In this section, the performance of various multiuser LTE753

scheduling techniques is compared by means of link level754

and system level simulations. By appropriately selecting the755

simulation parameters in the link level, as well as the system756

level, we are able to show that the results obtained by the two757

simulators are equivalent.758

In particular, we consider in the Vienna LTE System Level759

Simulator one sector of a single-cell SISO system with 20760

randomly positioned users. The user positions yield the large-761

scale path loss and shadow fading coefficients of all users762

and as a consequence, the average receive SNRs, which are763

distributed in a range of 2.7 dB to 36 dB. These average receive764

SNRs of the 20 users are set in the Vienna LTE Link Level765

Simulator to ensure the same propagation environment as on766

system level. Further simulation parameters of both simulators767

are summarized in Table IV.768

The simulation results are averaged over 2 500 small-scale769

fading and noise realizations. In order to guarantee exactly770

the same channel realizations for all scheduler simulations on771

system level, the user positions, as well as the small- and large-772

scale fading realizations are loaded from pre-generated files.773

On link level, the seeds of the random number generators for774

fading and noise generation are set at the beginning of each775

simulation.776

A performance comparison of different scheduling strategies777

is shown in Figures 11 and 12 in terms of total sector through-778

put and fairness (Jain‘s fairness index [79]). The figures779

show that the results produced by the link and system level780

simulators are very similar for both throughput and fairness.781

TABLE IV
LINK AND SYSTEM LEVEL PARAMETERS FOR THE SCHEDULING

SIMULATIONS.

Parameter Value
system bandwidth 5 MHz

number of subcarriers 300
number of resource blocks 50

number of users 20
channel model 3GPP TU [78]

channel realizations 2 500
antenna configuration 1 transmit, 1 receive (1× 1)

receiver Zero Forcing (ZF)
schedulers Best CQI (BCQI)

maxmin
proportional fair
resource fair
round robin

round robinmaxminres. fairprop. fairbest CQI
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Fig. 11. Comparison of system throughput obtained with different scheduling
strategies with link and system level simulations. Reproducible by running
Reproducibility Schedulers batch.m.

The largest difference between the results of the two simulators 782

is less than 2%, while the 99% confidence intervals (too small 783

to be identified in the figures) of the simulated throughput 784

are much smaller. Thus, we conclude that the system level 785

simulator is properly calibrated; that is, the approximation and 786

modeling of the link level does not result in large errors on 787

system level. 788

The considered schedulers pursue different goals for re- 789

source allocation. The best CQI scheduler tries to maximize 790

total throughput and completely ignores fairness by just as- 791

signing resources to the users with the best channel conditions. 792

This is reflected in the simulation results in Figures 11 and 12, 793

showing the highest system throughput and the lowest fairness 794

for the best CQI scheduler. In contrast, the maxmin-scheduler 795

assigns the resources in a way that equal throughput for 796

all users is guaranteed, thereby maximizing Jain‘s fairness 797

index [79]. Round robin scheduling does not consider the user 798

equipment feedback and cyclically assigns the same amount 799

of resources to each user. Thus, ignoring the user equipment 800

feedback results in the worst throughput performance of all 801

schedulers consider here. The proportional fair scheduler em- 802

phasizes multiuser diversity by scheduling the user who has 803

the best current channel realization relative to its own average. 804

The resource fair scheduling strategy guarantees an equal 805

amount of resources for all users while trying to maximize 806

the total throughput. In the simulations, the proportional fair 807

strategy outperforms resource fair in terms of throughput as 808

well as fairness thereby resulting in a good trade-off between 809

throughput and fairness. Further details about the implemented 810

schedulers, as well as more simulation results, can be found 811

in [24]. 812

The presented simulation results can be reproduced by 813

calling the script Reproducibility Schedulers batch.m that can 814

be found in the directory ”paper scripts” of the link level and 815

the system level simulator, respectively. More examples of the 816

Vienna LTE simulators also in the context of LTE-Advanced 817

are presented in [80]. 818




