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Fig. 8. Throughput simulations of the test scenarios in 3GPP TS 36.101 and
comparison to the minimum performance requirements (marked with crosses).
The small vertical bars within the circular markers indicate the 99% confidence
intervals. Reproducible by running Reproducibility RAN sims.m.

at most three retransmissions. The most important parameters519

of the test scenarios are listed in Table I. The first scenario520

(8.2.1.1.1/1) refers to the test scenario described above. The521

OLSM scenario (8.2.1.3.2/1) utilizes a rank two transmission,522

that is, transmission of two spatial streams.523

Simulation results for the considered scenarios are shown524

in Figure 8. The dashed horizontal lines correspond to 70% of525

the maximum throughput values for which TS 36.101 defines526

a channel Signal to Noise Ratio (SNR) requirement (shown527

as crosses in Figure 8). For all considered test scenarios, the528

link level simulator outperforms the minimum requirements529

by approximately 2-3 dB. The small vertical bars within the530

markers in Figure 8 are the 99% confidence intervals of the531

simulated mean throughput. Since the confidence intervals532

are much smaller than the distances between the individual533

throughput curves, we know that a repeated simulation with534

different seeds of the random number generators will lead to535

similar results and conclusions. Figure 8 can be reproduced536

by calling the script Reproducibility RAN sims.m included537

in the link level simulator.538

B. Link and System Level Cross-Comparison539

Next, we cross-compare the performance of the link and540

system level simulators. We consider a single-user single-cell541

scenario with different antenna configurations and transmit542

modes, as summarized in Table II.543

In dependence of the channel conditions we adapt the AMC544

scheme, the transmission rank, and the precoding matrices. For545

this purpose, we utilize the UE feedback schemes originally546

presented in [16]. In order to create an equivalent simulation547

scenario on link and system level, we do not employ shadow548

fading. Whereas on link level the SNR is usually directly549

specified, on system level the SNR is a function of the user550

location in the cell. Without shadow fading, the user SNR551

on system level becomes a function of the distance between552

3TU: Typical Urban channel model [70].

TABLE II
TEST SCENARIOS FOR THE CROSS-COMPARISON OF THE

LINK AND SYSTEM LEVEL SIMULATORS (SU CASE).

SISO TxD OLSM CLSM
channel TU3 TU TU TU
bandwidth 1.4 MHz 1.4 MHz 1.4 MHz 1.4 MHz
antenna conf. 1× 1 2× 2 2× 2 4× 2

CQI feedback X X X X
RI feedback × × X X
PMI feedback × × × X

simulation time LL 3 200 s 9 500 s 19 500 s 14 200 s
simulation time SL 800 s 1 000 s 1 100 s 1 200 s
speed-up 4 9.5 17.7 11.8
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Fig. 9. Cross-comparison of throughput results obtained with the link level
and the system level simulators. The small vertical bars within the circular
markers indicate the 99% confidence intervals. Reproducible by running
Reproducibility LLvsSL batch.m.

base-station and user. This can be utilized to indirectly select 553

appropriate SNR values in the system level simulator. The 554

results of the link and system level comparison are shown in 555

Figure 9. For all considered simulation scenarios, we obtain 556

an excellent match between the results of the two simulators, 557

confirming the validity of our Link Error Prediction (LEP) 558

model [54] on system level. Figure 9 can be reproduced by 559

running the script Reproducibility LLvsSL batch.m provided 560

in the system level simulator package. Further comparisons 561

between link and system level simulator results are shown in 562

Section V-B. 563

In Table II, we compare the simulation times of 564

the link level simulator to those of the system level 565

simulator. The simulations were conducted on one 566

core of a 2.66 GHz Quad Core CPU. The table also 567

states the simulation speed-up, defined as the ratio of 568

the simulation times required with the link level and 569

the system level simulator, respectively. The speed- 570

up of the system level simulator for a Single-Input 571

Single-Output (SISO) system equals four. This speed- 572

up is rather small because equalization, demodu- 573

lation, and decoding (tasks that are abstracted on 574

system level) have low complexity in a SISO system. 575

With increasing system complexity also the speed- 576




