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Fig. 1. LTE link level simulator structure, as implemented in the Vienna
LTE link level simulator.

data, by means of lower coding rates and/or lower-201

order modulations, the assumption of error-free sig-202

naling is in fact quite realistic. Equivalently, errors on203

the signaling channels will only occur when the data204

channels are already using large amounts of perfor-205

mance degradation — a point of operation usually not206

targeted in investigations.207

In the downlink, the signaling information passed208

on by the transmitter to the receiver contains coding,209

HARQ, scheduling, and precoding parameters. In the210

uplink, Channel Quality Indicator (CQI), Precoding211

Matrix Indicator (PMI), and Rank Indicator (RI) (all212

three together forming the Channel State Information213

(CSI)) are signaled. All simulation scenarios (see Sec-214

tion II-B) support the feedback of CQI, PMI, and RI,215

although it is also possible to set some or all of216

them to fixed values. Such a setting is required for217

specific simulations, such as throughput evaluation218

of a single Modulation and Coding Scheme (MCS).219

A standard-compliant implementation of the down-220

link control channels would not affect the overall221

structure of our simulator and just requires the inser-222

tion of the control channels in the relevant resource223

elements [39]. On the other hand, non-error-free feed-224

back transmissions would require a physical layer225

implementation of the LTE uplink, which is currently226

not in the scope of the simulator.227

1) Transmitter: The layout of the transmitter is shown in228

Figure 2. This structure is basically a graphical representation229

of the transmitter description defined in the TS36’ standard230

series [39–41]. Based on User Equipment (UE) feedback231

values, a scheduling algorithm assigns Resource Blocks (RBs)232

to UEs and sets an appropriate MCS (coding rates between233

0.076 and 0.926 with 4, 16, or 64-QAM modulation [41]), the234

MIMO transmission mode (Transmit Diversity (TxD), Open235

Loop Spatial Multiplexing (OLSM), or Closed Loop Spatial236

Multiplexing (CLSM)), and the precoding/number of spatial237

layers for all served users. Such a channel adaptive scheduling238

allows the exploitation of frequency diversity, time diversity,239

spatial diversity, and multi-user diversity.240

Given the number of available DoF, the specific implemen-241

tation of the scheduler algorithm has a large impact on the242

system performance and is a hot topic in research [42–44]. In243

Section V-B, we provide performance evaluations of several244

schedulers.245

2) Channel Model: The Vienna LTE Link Level Simu-246

lator supports block and fast fading channels. In the block247

fading case, the channel is constant during the duration of248
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Fig. 2. LTE downlink transmitter structure, as implemented in the Vienna
LTE link level simulator.

one subframe (1 ms). In the fast fading case, time-correlated 249

channel impulse responses are generated for each sample of 250

the transmit signal. Currently (January 2011), the simulator 251

supports the following channel models: 252

1) Additive White Gaussian Noise (AWGN) 253

2) Flat Rayleigh fading 254

3) Power Delay Profile-based channel models such as ITU 255

Pedestrian B, or ITU Vehicular A [45] 256

4) Winner Phase II+ [46] 257

The most sophisticated of these channel models is the Winner 258

Phase II+ model. It is an evolution of the 3GPP spatial channel 259

model and introduces additional features such as support for 260

arbitrary 3D antenna patterns. 261

3) Receiver: Figure 3 shows our implementation of the 262

UE receiver. After disassembling the RBs according to UE 263

resource allocation, MIMO Orthogonal Frequency Division 264

Multiplexing (OFDM) detection is carried out. The simula- 265

tor currently supports Zero-Forcing (ZF), Linear Minimum 266

Mean Squared Error (LMMSE), and soft sphere decoding 267

as detection algorithms. The detected soft bits are decoded 268

to obtain the data bits and several figures of merit, such as 269

coded/uncoded BER, BLER, and throughput. 270

Currently, four different types of channel estimators are 271

supported within the simulator: (i) Least Squares (LS), (ii) 272

Minimum Mean Squared Error (MMSE), (iii) Approximate 273

LMMSE [47], and (iv) genie-driven (near) perfect channel 274

knowledge based on all transmitted symbols. 275

LTE requires UE feedback in order to adapt the 276

transmission to the current channel conditions. The 277

LTE standard specifies three feedback indicators for 278

that purpose, CQI, RI and PMI [39]. The CQI is 279

employed to choose the appropriate MCS, such to 280

achieve a predefined target BLER, whereas the RI and 281

the PMI are utilized for MIMO pre-processing. Specif- 282

ically, the RI informs the eNodeB about the preferred 283

number of parallel spatial data streams, while the PMI 284




