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Standard-compliant models for LTE and LTE-Advanced
(Releases 8, 9, and 10)

The LTE System Toolbox™ product provides standard-compliant functions
and tools for the design, simulation, and verification of long-term evolution
(LTE) and LTE-Advanced communications systems. LTE-Advanced comprises
changes made to releases 9 and 10 of the LTE Standard. For more information
about LTE and its releases, see “What Is LTE?”. For more information about
how LTE-Advanced is implemented in the product, see “LTE Advanced”.

End-to-end physical layer transmit and receive
processing functions, including OFDM (downlink)
and SC-FDMA (uplink)

The LTE System Toolbox product provides standard-compliant functions for
end-to-end physical layer transmit and receive processing. These functions
include OFDM modulation for downlink and SC-FDMA modulation for
uplink. For more information about OFDM and SC-FDMA, see “OFDM
Modulation” and “SC-FDMA Modulation”. For a high-level transmit-receive
chain example, see “Transmit-Receive Chain”.

MIMO antenna transmission and UE-specific
beamforming functions

The LTE System Toolbox product provides standard-compliant functions
for multiple-input, multiple-output (MIMO) antenna transmission and user
equipment (UE)-specific beamforming. For information about how multiple
antennas are represented in the resource grid, see “Data Structures”. For
an example of how to specify the number of antenna ports in an eNodeB
parameter structure, see “Parameterization”. For examples of UE-specific
beamforming, see “PDSCH Port 5 UE-Specific Beamforming” and “Release
10 PDSCH Enhanced UE-Specific Beamforming”.



Channel estimation, synchronization, and MIMO receiver functions

Channel estimation, synchronization, and MIMO
receiver functions

The LTE System Toolbox product provides standard-compliant MIMO
receiver functions for synchronization, channel estimation, equalization, and
signal recovery procedures. For more information, see “Synchronization”,
“Channel Estimation”, and “Equalization”.

Standard-compliant propagation channel models

The LTE System Toolbox product provides standard-compliant functions for
modeling propagation channels. These functions include models for MIMO
fading channel, EPA, EVA, and ETU, moving propagation channel, and
high-speed train MIMO channel. For more information, see “Propagation
Channel Models”.

Test models and reference measurement channel
(RMC) waveform generators

The LTE System Toolbox product provides standard-compliant functions
and tools for generating E-UTRA test models (E-TM) and reference
measurement channel (RMC) waveforms. For more information, see “RMC
and Conformance”.

Interactive tools for conformance and BER testing

The LTE System Toolbox product provides interactive tools for conformance
and BER testing. You can create and reuse a conformance test bench to
verify that your designs, prototypes, and implementations comply with the
LTE standard. For more information on conformance testing, see “RMC and
Conformance”. For an example of BER testing, see “PDSCH Bit Error Rate
Curve Generation”.
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Recovery of low-level parameters, such as cell

identity

The LTE System Toolbox product provides for the recovery of low-level
parameters, such as cell identity. For more information, see “Signal Recovery
Procedures”. For an example, see Cell Search, MIB, and SIB1 Recovery.

Apps for generating waveforms and analyzing
throughput

This release adds the following four new apps to the MATLAB® apps gallery.

e LTE Downlink RMC Generator — used for selection of parameters
for and generation of downlink reference measurement channel (RMC)
waveforms. For more information, see 1teRMCDLTool or “Generate LTE
Downlink RMC Waveforms”.

e LTE Uplink RMC Generator — used for selection of parameters for and
generation of uplink reference measurement channel (RMC) waveforms.
For more information, see 1teRMCULToo0l or “Generate LTE Uplink RMC
Waveforms”.

e LTE Test Model Generator — used for selection of parameters for and
generation of E-UTRA test model (E-TM) waveforms. For more information,
see lteTestModelTool or “Generate LTE Test Model Waveforms”.

¢ LTE Throughput Analyzer — used to perform the PDSCH demodulation
performance test and plot throughput performance graphs. For more
information, see 1teDLConformanceTestTool or “Analyze Throughput for
PDSCH Demodulation Performance Test”.

Function names and output behavior changed
Compatibility Considerations: Yes

Previous versions of the LTE System Toolbox product used different function
names. In version 1.0, the LTE System Toolbox product contains an entirely
new set of function names. Also, many functions in previous versions of the
LTE System Toolbox product returned row vectors for output arguments. In
version 1.0, many of the new equivalent functions return column vectors

for output arguments.



Function names and output behavior changed

Compatibility Considerations

If you wrote scripts using any of the old function names used in previous
versions, you must modify the scripts to use the new function names in the
LTE System Toolbox product, version 1.0. Also, you must modify many of the
scripts to expect column vectors for output arguments where row vectors were
previously returned. Refer to the following table for a mapping of the previous
function names to their new equivalent function names.

In R2014a, by default, all the functions listed in the Previous Function
Name column are on the MATLAB path. To remove these functions from the
path, call the rmlteobsolete function. To add these functions to the path
again, call the addlteobsolete function.

Previous Function Name | New Function Name
LteACKDecode 1teACKDecode
LteACKEncode 1teACKEncode

LteBCH 1teBCH

LteBCHDecode 1teBCHDecode

LteCFI 1teCFI

LteCFIDecode lteCFIDecode
LteCQIDecode 1lteCQIDecode
LteCQIEncode 1teCQIEncode

LteCRC 1teCRCEncode
LteCRCDecode 1teCRCDecode
LteCSICodebook 1teCSICodebook
LteCSIRS 1teCSIRS
LteCSIRSIndices 1teCSIRSIndices
LteCellRS 1teCellRS
LteCellRSIndices 1teCellRSIndices
LteCellSearch 1teCellSearch
LteCodeBlkDeseg lteCodeBlockDesegment
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Previous Function Name

New Function Name

LteCodeBlkSeg 1teCodeBlockSegment
LteConvCode 1teConvolutionalEncode
LteConvDecode 1teConvolutionalDecode
LteDCI 1teDCI

LteDCIDecode lteDCIDecode
LteDCIDims 1teDCIInfo
LteDCIEncode 1teDCIEncode
LteDLChannelEstimation l1teDLChannelEstimate

LteDLConformanceTestBench

1teDLConformanceTestTool

LteDLDeprecoder lteDLDeprecode
LteDLFrameOffset lteDLFrameOffset
LteDLPerfectChannelEstimatideDLPerfectChannelEstimate
LteDLPrecoder 1teDLPrecode
LteDLResourceGrid 1teDLResourceGrid

LteDLResourceGridDims

1teDLResourceGridSize

LteDLSCH 1teDLSCH
LteDLSCHDecode 1teDLSCHDecode
LteDLSCHDims 1teDLSCHINnfo
LteDMRS 1teDMRS
LteDMRSIndices 1teDMRSIndices
LteDuplexDims 1teDuplexingInfo
LteEVM 1teEVM
LteEqualizeMIMO lteEqualizeMIMO
LteEqualizeMMSE lteEqualizeMMSE
LteEqualizeULMIMO lteEqualizeULMIMO
LteEqualizeZF lteEqualizeZF
LteFadingChan lteFadingChannel




Function names and output behavior changed

Previous Function Name

New Function Name

LteFreqCorrect lteFrequencyCorrect
LteFreqOffset lteFrequencyOffset
LteHSTChan 1teHSTChannel
LteLayerDemapper lteLayerDemap
LteLayerMapper ltelLayerMap

LteMIB 1teMIB
LteMovingChan lteMovingChannel
LteOFDM lteOFDMModulate
LteOFDMDemod 1teOFDMDemodulate
LteOFDMDims 1teOFDMInfo
LtePBCH 1tePBCH
LtePBCHDecode 1tePBCHDecode
LtePBCHINndices 1tePBCHINndices
LtePBCHPRBS 1tePBCHPRBS
LtePCFICH 1tePCFICH
LtePCFICHDecode 1tePCFICHDecode
LtePCFICHDims 1tePCFICHInfo
LtePCFICHINdices 1tePCFICHINndices
LtePCFICHPRBS 1tePCFICHPRBS
LtePDCCH 1tePDCCH
LtePDCCHDecode 1tePDCCHDecode
LtePDCCHDeinterleave 1tePDCCHDeinterleave
LtePDCCHDims 1tePDCCHINfo
LtePDCCHIndices 1tePDCCHINndices
LtePDCCHInterleave 1tePDCCHINnterleave
LtePDCCHPRBS 1tePDCCHPRBS
LtePDCCHSearch 1tePDCCHSearch
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Previous Function Name

New Function Name

LtePDCCHSpace 1tePDCCHSpace
LtePDSCH 1tePDSCH
LtePDSCHDecode 1tePDSCHDecode
LtePDSCHIndices 1tePDSCHINndices
LtePDSCHPRBS 1tePDSCHPRBS
LtePHICH 1tePHICH
LtePHICHDecode 1tePHICHDecode
LtePHICHDeprecoder 1tePHICHDeprecode
LtePHICHDims 1tePHICHINnfo
LtePHICHIndices 1tePHICHINndices
LtePHICHPRBS 1tePHICHPRBS
LtePHICHPrecoder 1tePHICHPrecode
LtePHICHTxDivDecode 1tePHICHTransmitDiversityDecode
LtePMIDims 1tePMIInfo
LtePMISelection 1tePMISelect
LtePRACH 1tePRACH
LtePRACHDetect 1tePRACHDetect
LtePRACHDims 1tePRACHINfo
LtePRBFromDCI 1teDCIResourceAllocation
LtePRBS 1tePRBS

LtePRS 1tePRS
LtePRSIndices 1tePRSIndices
LtePSS 1tePSS
LtePSSIndices 1tePSSIndices
LtePUCCH1 1tePUCCH1
LtePUCCH1DRS 1tePUCCH1DRS
LtePUCCH1DRSIndices 1tePUCCH1DRSIndices




Function names and output behavior changed

Previous Function Name

New Function Name

LtePUCCH1Decode 1tePUCCH1Decode
LtePUCCH1Indices 1tePUCCH1Indices
LtePUCCH2 1tePUCCH2
LtePUCCH2DRS 1tePUCCH2DRS
LtePUCCH2DRSDecode 1tePUCCH2DRSDecode
LtePUCCH2DRSIndices 1tePUCCH2DRSIndices
LtePUCCH2Decode 1tePUCCH2Decode
LtePUCCH2Indices 1tePUCCH2Indices
LtePUCCH2PRBS 1tePUCCH2PRBS
LtePUCCH3 1tePUCCH3
LtePUCCH3DRS 1tePUCCH3DRS
LtePUCCH3DRSIndices 1tePUCCH3DRSIndices
LtePUCCH3Decode 1tePUCCH3Decode
LtePUCCH3Indices 1tePUCCH3Indices
LtePUCCH3PRBS 1tePUCCH3PRBS
LtePUSCH 1tePUSCH
LtePUSCHDRS 1tePUSCHDRS
LtePUSCHDRSIndices 1tePUSCHDRSINndices
LtePUSCHDecode 1tePUSCHDecode
LtePUSCHDeprecoder 1tePUSCHDeprecode
LtePUSCHIndices 1tePUSCHINndices
LtePUSCHPrecoder 1tePUSCHPrecode
LteRIDecode lteRIDecode
LteRIEncode 1teRIEncode
LteRMCDL 1teRMCDL
LteRMCDLTool 1teRMCDLToo0l
LteRMCUL 1teRMCUL
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Previous Function Name

New Function Name

LteRMCULTool 1teRMCULToo0l
LteRateMatchConv lteRateMatchConvolutional
LteRateMatchTurbo lteRateMatchTurbo
LteRateRecoverConv lteRateRecoverConvolutional
LteRateRecoverTurbo lteRateRecoverTurbo
LteResourceGrid lteResourceGrid
LteResourceGridDims lteResourceGridSize
LteSCFDMA 1teSCFDMAModulate
LteSCFDMADemod 1teSCFDMADemodulate
LteSCFDMADims 1teSCFDMAInfo

LteSRS 1teSRS

LteSRSDims 1teSRSInfo

LteSRSIndices 1teSRSIndices

LteSSS 1teSSS

LteSSSIndices 1teSSSIndices
LteSymbolDemod lteSymbolDemodulate
LteSymbolMod 1teSymbolModulate

LteTBS 1teTBS

LteTestModel lteTestModel
LteTestModelTool lteTestModelTool
LteTurboCode lteTurboEncode
LteTurboDecode lteTurboDecode
LteTxDiversityDecode lteTransmitDiversityDecode
LteUCI3Decode 1teUCI3Decode
LteUCI3Encode 1teUCI3Encode
LteUCIDecode lteUCIDecode

LteUCIEncode 1lteUCIEncode




Function names and output behavior changed

Previous Function Name

New Function Name

LteUeRS

Removed. Use 1teDMRS instead.

LteUeRSIndices

Removed. Use 1teDMRSIndices instead.

LteULChannelEstimation

1teULChannelEstimate

LteULChannelEstimationPUC

CHteULChannelEstimatePUCCH1

LteULChannelEstimationPUC

CH2eULChannelEstimatePUCCH2

LteULChannelEstimationPUC

CH3eULChannelEstimatePUCCH3

LteULDeprecoder lteULDeprecode
LteULDescrambler 1teULDescramble
LteULFrameOffset 1teULFrameOffset

LteULFrameOffsetPUCCH1

1teULFrameOffsetPUCCH1

LteULFrameOffsetPUCCH2

1teULFrameOffsetPUCCH2

LteULFrameOffsetPUCCH3

1teULFrameOffsetPUCCH3

LteULPMIDims

1teULPMIInfo

LteULPMISelection

1teULPMISelect

LteULPerfectChannelEstima

tideULPerfectChannelEstimate

LteULPrecoder

1teULPrecode

LteULResourceGrid

1teULResourceGrid

LteULResourceGridDims

1teULResourceGridSize

LteULSCH 1teULSCH

LteULSCHDecode 1teULSCHDecode
LteULSCHDeinterleave lteULSCHDeinterleave
LteULSCHDims 1teULSCHINnfo

LteULSCHInterleave lteULSCHInterleave
LteULScrambler lteULScramble

LteVersion Removed. Use the MATLAB version

function instead.

11
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Previous Function Name

New Function Name

LteWarning

lteWarning

LteZadoffChu

Removed. Use 1tezadoffChuSeq in the
Communications System Toolbox™ product
instead.
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