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Offering the Fastest Path from Algorithms to R&D Verification

Key benefits:

Accelerate your Physical Layer
(PHY) design process with a
superior modeling environment
Save time with a trusted,
independent IP reference from
Keysight

Validate BB & RF integration
early, reducing project risk
Reduce functional verification
and NRE in R&D, with a
streamlined process

Fill strategic gaps using
simulation, such as missing
hardware and MIMO effects for
early throughput testing
Interoperate with test
equipment, while the standard
itself is still evolving

Re-use the same Keysight IP and
test assets throughout process

Lte

The W1918 LTE-Advanced Baseband Verification Library saves time, reduces engineering
effort and accelerates the maturity of 4G baseband PHY designs for next-generation 3rd
Generation Partnership Project (3GPP) Long Term Evolution LTE-Advanced systems. It
enables system architects, algorithm developers and baseband hardware designers to
investigate, implement and verify their Layer 1 signal processing designs in the presence
of meaningful RF and test signals. The library gives the user piece of mind that a physical
layer (PHY) meets or exceeds real-world performance requirements from the European
Telecommunications Standards Institute (ETSI).

The W1918 LTE-A Baseband Verification Library is a Layer 1 simulation reference library
option for Keysight SystemVue. The blockset, reference designs, and test benches assist
the design and verification of next-generation communication systems, by providing
configurable physical layer waveforms and data for 3GPP Releases 8/9 (LTE) and 10-13
(LTE-Advanced). The library is useful for simulation-based exploration of challenging
algorithms, up to 8x8 MIMO throughput verification, and can be easily integrated with
Keysight signal sources and analyzers.

Interact with coded MIMO Sources & Receivers at 3 levels of abstraction

Simplified GUI, Scriptable schematic| | Completely parameterized,
grouped into 7 easy tabs (79 parameters) modifiable reference design
For quick, human usability For verification and For precise test vector

and signal generation documentation generation and control
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Figure 1. The W1918 LTE-Advanced Baseband Verification Library offers pre-packaged reference
sources and receivers with a choice of three levels of user interfaces, as shown in this LTE-A MIMO
downlink source example.
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Features

- Working simulation-based baseband
reference designs for UE & eNodeB

- Open, parameterized block diagrams
allow exploration and customization
inside the signal processing chain

- Compare your internal test vectors
against a trusted IP reference

- Use Keysight simulation blocks to:
- Supply missing functions/models
- Create complete Layer 1 scenarios
- Add MIMO, fading, interferences
- Simulate BER/Throughput
- Interoperate with real test

Configuration

The W1918 LTE-Advanced Baseband
Verification Library can be added as an
option to any SystemVue environment or
bundle.

The W1918 LTE-A library is a superset of
the W1910 LTE library, and includes it. It

adds algorithm models for LTE-Advanced,

making a complete library that supports

3GPP releases 8-13, including Narrowband

Internet of Things (NB-loT).

The W1918 library is itself included in the
W1907 5G Forward Verification Library
Bundle, along with modelsets for 2G,

3G, MIMO Channel, and the new pre-5G
library. If you are considering moving
toward 5G, then the W1907 bundle is an
excellent value, assisting compatibility
across multiple generations of standards,
not just 4G.

The W1918 is especially well-suited to
work with other SystemVue libraries, such
as the W1715 MIMO Channel Builder, the
W1716 Digital Pre-Distortion Builder. It
can also be used by system architects
to customize test benches for use with
Keysight ADS VTB personalities: W2388
LTE VTB (LTE only), W2390 LTE-A VTB
(LTE-A only, not including LTE). Finally,
the W1918 LTE-A library interoperates
with Keysight Signal Studio personalities
for LTE- A (N7624B, N7625B), as well

as Keysight 89600 VSA personalities
89601B-BHG and 89601-BHH.

C++ source code for the W1918 LTE-A
library is available as a premium
service product “W1912BEL Baseband
Exploration Library”. Please contact
your local Keysight sales representative
for more information about SystemVue
“exploration” libraries.

B+ LTE A DI_MIMO_BxB_Fading BER (Workspace: LTE_Advanced DI_MIMO_BxB_Fading BER) (I |[E7][X]

ACK/NACK i

"~ Pl

re FMI

Rx RF WANCED
- | Lte

Closed-loop
Faded MIMO Throughput
with Active HARQ

! s S LTEAdvanced
— = £ - MIMO DL
LT;#:I\&aBtled ’ LTE-Advanced e g i Reference Receiver
Reference Source  ~—'oH— [ cT;ﬁnnzl St
.

=R B

BER/FER and
throughput |

SIMULATE, s , :

OR 5 = g

DOWNLOAD '
TO TEST

lute Thr

ghput (bps) vs. SNR (dB)

=]

Figure 2. SystemVue’s LTE-Advanced reference library provides support for 3GPP Releases 8-11,
and integrates with Keysight test equipment for early R&D design validation.

Table 1. W1918 LTE-Advanced Baseband Verification Library Overview

W1918 LTE-Advanced library includes: Release 8/9 Release 10-13, NB-loT
LTE LTE-Advanced

Compiled dataflow simulation blocks 139 parts 113 parts

C++ “exploraton” source code Optional, add-on Optional, add-on

Packaged MIMO Sources/receivers, w/GUI 10 ref designs 6 ref designs

Testbenches/reference exmples 18 examples 18 examples

Works with existing instrument H/W Yes Yes

Waorks with Keysight 89600 VSA and Yes, also generates Yes
SignalStudio software personalities “ setx” files

Works with Keysight W1716 DPD Yes Yes
Works with Keysight W1715 MIMO Channel Yes Yes

Note: Support for Release 8/9 is also available as part of the SystemVue W1910 LTE baseband
verification library.
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Technical Specifications - LTE-Advanced (3GPP Releases 10-13)

LTE-Advanced Downlink baseband sources and receivers

- FDD and TDD
- Upto8TXand 8 RX antennas The W1918 LTE-Advanced
- Localized and Distributed RB mapping Baseband Verification Library
- Transmission Modes TM1-4, and 6-9, including closed-loop TM4 TDD/FDD in DL is based on 3GPP LTE Release
- Virtual antenna mapping, the mapping matrix can be configured 13 (June, 2016). Keysight library
- Release 10 PDSCH transmission and Release 8 PDSCH transmission in the downlink updates are issued regularly to
source remain compatibility with the
- Support for 256 QAM modulation and extended cyclical prefix (both UL, DL) evolution of the standard.
- Closed-loop HARQ simulation by employing Dynamic Data Flow (DDF) and Matrix
Data Type. Each codeword have one individual HARQ feedback loop. - 3GPP TS 36.211 v13.2.0,
- PDSCH “Physical Channels and
- Full coding and decoding procedures for DL-SCH with or without HARQ Modulation,” June 2016.
retransmission - 3GPP TS 36.212 v13.2.0,
- Three RB (resource block) allocations (StartRB+NumRBs, RB indices (1D), RB “Multiplexing and Channel
indices (2D) ) Coding,” June 2016.
- Three transport block allocations (MCS index, transport block size and target - 3GPP TS 36.213 v13.2.0,
code rate) “Physical Layer Procedures,”
- Physical signals June 2016.

- Cell-specific reference signals
- UE-specific reference signals (port 5, 7-14)
- Synchronization signals, including primary and secondary synchronization signals
- Control channels
- Full procedures for PCFICH, PHICH, PDCCH and PBCH, including information bits
generation and channel coding
- CSl reference signals (port 15-22)
- Downlink power allocation according to TS36.213
- Receiver baseband algorithm
- Support downlink timing and frequency synchronization, including:
- Cross-correlation with two received P-SCH
- Auto-correlation with local P-SCH
- Two stages for timing synchronization: raw and fine synchronization
- Integer and fractional frequency synchronization
- Linear, MMSE-2D channel estimation including MMSE and MMSE-IRC for spatial
multiplexing (DL)
- ZF (Zero Forcing) and ML (maximum likelihood) decoding for spatial multiplexing
- Alamouti decoding for transmit diversity
- Received soft bits combining for HARQ retransmission
- Soft turbo decoder with specified iteration number
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Technical Specifications - LTE-Advanced (3GPP Releases 10-13) (Continued)

LTE-Advanced Uplink baseband source and receivers

- FDD and TDD

- Upto 4 Tx antennas and 4 Rx antennas Recent enhancements:

- Cluster SC-FDMA - 256 QAM (UL, DL)

- Simultaneous PUSCH and PUCCH transmission - Support for Extended Cyclical

- Maximal ratio combining (MRC) method for receiver diversity Prefix (UL, DL)

- Adaptive Modulation and Coding (AMC) - Support for closed-loop TM4

- Coordinated Multi-point (CoMP, or Dynamic Point Selection) TDD/FDD (BL)

- Closed-loop HARQ simulation by employing Dynamic Data Flow (DDF) and Matrix - MMSE and MMSE-IRC for
Data Type spatial multiplexing (DL

- PUSCH receiver)

- Full coding and decoding procedures for UL-SCH with or without HARQ
retransmission
- PUSCH Hopping
- Full multiplexing modes for PUSCH
- UL-SCH Data and control multiplexing (as in 5.2.2 of 36.212)
- Uplink control information only without UL-SCH data (as in 5.2.4 of 36.212)
- Three RB (resource block) allocations (StartRB+NumRBs, RB indices (1D), RB
indices (2D))
- Three transport block allocations (MCS index, transport block size and target
code rate)
- DMRS for PUSCH
- PRACH
- Preamble sequence generation and baseband signal generation
- PRACH demodulation and detection
- PUCCH transmission
- PUCCH Format 1, 1a, 1b, Shorten 1, Shorten 1a, Shorten 1b, 2, 2a, 2b, and 3
- PUCCH modulation and demodulation, coding and decoding
- DMRS for PUCCH
- Sounding Reference Signal (SRS) transmission
- Uplink power allocation
- Receiver baseband algorithm
- Uplink timing and frequency synchronization
- Linear and MMSE channel estimation
- Soft turbo decoder with specified iteration number

Carrier aggregation

- Carrier aggregation examples are provided, including both contiguous and
non-contiguous carrier aggregation
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Technical Specifications - LTE-A NB-loT (3GPP Release 13)

Narrowband loT Downlink baseband sources and receivers

- Operation mode NB-loT test bench
- Stand- alone operation examp[es;
- Guard band operation
- In-band operation B2 LTE_Advanced_MBIoT_DL_BER.wsv
- Up to 2 Tx and 2 Rx antennas EZ L TE_Advanced_MEIaT_DL_Instruments.wsv

) LTE_Advanced_MBloT_DL_Txwsv

K | TE_Advanced_MNBIoT_UL_BER.wsv

B3 L TE_Advanced_MBIaT_UL _Instruments.wsy
LTE_Advanced_MBIoT_UL_Throughput.wsy
L2 LTE_Advanced_MBIoT_UL_Txwsw

- Narrowband Physical Channels:
- NPBCH (physical broadcast channel)
- NPDSCH (physical downlink shared channel)
- Narrowband Physical Signals:
- NRS (Narrowband Reference Signal)
- NPSS/NSSS (primary and secondary synchronization channels)
- NPDSCH and NPBCH Channels
- Channel Coding, Scrambling
- Layer mapping, Precoding, Modulation
- NPDSCH repetition
- Spectrum Shaping
- Configurable filter and window
- Receiver baseband algorithm
- Support downlink timing and frequency synchronization
- Auto detection of CelllD sector and group
- Linear, MMSE-2D channel estimation
- Viterbi decoder and CRC check

Narrowband loT Uplink baseband sources and receivers

- Single-tone with 3.75 kHz and 15 kHz subcarrier spacing
- Multi-tone (3, 6, 12 tones) with 15 kHz subcarrier spacing
- Narrowband Physical Channels:
- NPUSCH (Narrowband Physical Uplink Shared Channel)
- Narrowband Physical Signals:
- NDMRS (demodulation reference signal)
- NPUSCH format 1 and 2, NPUSCH repetition
- NPUSCH gap transmission in source signal generation
- NPUSCH Channel
- Channel Coding, Scrambling
- Layer mapping, Transform Precoding
- SC-FDMA baseband signal generation
- Phase alignment for signal tone
- BPSK, QPSK modulation
- Receiver baseband algorithm
- Support uplink timing and frequency synchronization
- Linear, MMSE-2D channel estimation
- Viterbi decoder and CRC check
- HARQ transmission
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Technical Specifications - LTE (3GPP Release 8/9)

LTE Downlink baseband MIMO sources and MIMO receivers

Downlink sources

FDD-LTE and TDD-LTE

Transmission modes TM1-4, and 6-8

Both Localized and Distributed RB mapping

Closed-loop HARQ simulation by employing Dynamic Data Flow (DDF) and Matrix

Data Type

Each codeword have one individual HARQ feedback loop

Closed-loop MIMO precoding for PDSCH, as described in 8.2.1.4 (Closed-loop

spatial multiplexing) of 36.101

Provides native downlink EVM measurements that are algorithmically compatible

with Keysight 89600 VSA software

PDSCH

- Full coding and decoding procedures for DL-SCH with or without HARQ
retransmission

- Three RB (resource block) allocations (StartRB+NumRBs, RB indices (1D), RB
indices (2D) )

- Three transport block allocations (MCS index, transport block size and target
code rate)

Physical signals

- Cell-specific reference signals

- Synchronization signals, including primary and secondary synchronization
signals

- UE-Specific Reference signals (port 5, port 7, port 8)

- Positioning Reference signals (port 6) and PMCH transmission

Control channels

- Full procedures for PCFICH, PHICH, PDCCH and PBCH, including information
bits generation and channel coding, and MBSFN reference signals

Downlink power allocation according to TS36.213

Coded downlink signal sources provided for 1, 2, or 4 antenna ports

Downlink receivers

Downlink receiver solutions are provided for
- 1 antenna, 2 antennas and 4 antennas

- SISO (1x1), SIMO (1x2,1x4)

- MIMO (2x2, 4x2, 4x4)

Downlink HARQ performances meet the requirements defined in 8.2 Demodulation

of PDSCH (Cell-Specific Reference Symbols) of TS36.101

Control channel demodulation and decoding

Auto generation of .setx configuration file for LTE personalities of Keysight 89600
VSA software

The W1910 LTE Baseband
Verification Library is based on
3GPP LTE Release 8/9 (March
2010). This LTE library is also
included as part of the larger
W1918 LTE-Advanced library,
which also adds Releases 10-13.

- 3GPP TS 36.211 v9.1.0,
“Physical Channels and
Modulation”, March, 2010.

- 3GPP TS 36.212 v9.1.0,
“Multiplexing and Channel
Coding”, March, 2010.

- 3GPP TS 36.213 v9.1.0,
“Physical Layer Procedures”,
March, 2010
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Technical Specifications - LTE (3GPP Release 8/9) (Continued)

Downlink receiver baseband algorithms

- Downlink timing and frequency synchronization, including
- Cross-correlation with two received P-SCH
- Auto-correlation with local P-SCH
- Two stages for timing synchronization: Raw and fine synchronization
- Integer and fractional frequency synchronization
- Linear, MMSE-2D channel estimation, also the channel estimation for EVM
measurement (defined in TS36.101) is provided
- Maximal ratio combining (MRC) method for receiver diversity
- ZF (Zero Forcing) , MMSE (minimum mean square error) and ML (Maximum
likelihood) decoding for spatial multiplexing
- Alamouti decoding for transmit diversity
- Received soft bits combining for HARQ retransmission
- Soft turbo decoder with specified iteration number
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Technical Specifications - LTE (3GPP Release 8/9) (Continued)

LTE Uplink baseband sources and receivers

- FDD-LTE and TDD-LTE
- Uplink receivers with 1, 2 and 4 antenna ports
- Maximal ratio combining (MRC) method for receiver diversity
- Closed-loop HARQ simulation by employing Dynamic Data Flow (DDF) and Matrix
Data Type
- Provides Uplink EVM measurements that are algorithmically compatible with
Keysight 89600 VSA software v11.20
- PUSCH
- Full coding and decoding procedures for UL-SCH with or without HARQ
retransmission
- PUSCH Hopping
- Full multiplexing modes for PUSCH
- UL-SCH Data and control multiplexing (as in 5.2.2 of TS36.212)
- Uplink control information only without UL-SCH data (as in 5.2.4 of TS36.212)
- Three RB (resource block) allocations (StartRB+NumRBs, RB indices (1D), RB
indices (2D))
- Three transport block allocations (MCS index, transport block size and target
code rate)
- DMRS for PUSCH
- PRACH
- Preamble sequence generation and baseband signal generation
- PRACH demodulation and detection
- PUCCH
- PUCCH Formats 1, Shorten 1, 1a, Shorten 1a, 1b, Shorten 1b, 2, 2a and 2b.
- Channel coding for control information bits on PUCCH
- DMRS for PUCCH
- Sounding Reference Signal (SRS)
- SRS as defined in 5.5.3 of TS36.211
- SRS as defined in 8.2 of TS36.213
- Uplink power allocation
- Control information decoding
- Uplink receiver solutions are provided for
- Tantenna
- HARQ SISO (1x1)
- Non-HARQ SISO (1x1)

Uplink receiver baseband algorithm

- Uplink timing and frequency synchronization
- Linear and MMSE channel estimation
- Soft turbo decoder with specified iteration number
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W1918 Baseband Block Set

The W1918 LTE-Advanced Baseband
Verification Library for SystemVue
provides roughly 250 simulation reference
blocks for LTE and LTEAdvanced. In
addition, lower-level primitives have
been combined into 14 fully-coded MIMO
UL/DL source and receiver reference
designs with a tabbed user interface.

Use them as algorithmic references to
compare test vectors at any point in the
signalprocessing chain, or to complete a

working PHY.

LTE_A I I I I

MIMO Mapper

UE4_Mapper
UE_RevMode=Release_8 [UEs_RevMode(4)]
CW1_DataPattern=PN9
CW2_DataPattern=PN9
CW1_MappingType=QPSK [UE4_CW1_MappingType]
CW2_MappingType=QPSK [UE4_CW2_MappingType]
FrameMode=FDD [FrameMode]
Bandwidth=BW 5 MHz [Bandwidth]
NUMTxANts=Tx8 [NumTxAnts]

LTE_ADL

Precoder

UE4_LayMapPrecoder
UE_RevMode=0 [UEs_RevMode(4)]
MIMO_Mode=Spatial_Mux [UEs_MIMO_Mode(4)]

CDD_Mode=Zero-Delay [UEs_CDD_Mode(4)]

LTE_A DL

LayMap ’ > '—»Vir(ua\AmMappT»—'

UE4_VirtualAntMapping
UE_RevMode=0[UEs_RevMode(4)]
NumTxAnts=Txg [NumTxAnts]
CRS_NumAntPorts=CRS_Tx2 [CRS_NumAntPorts]

CdBlk_Index=0 [UEs_CdBlk_Index(4)]

1 [UE4_

NumOICWs=2 [UEs_NumOICWs(4)]
NumOfLayers=2 [UEs_NumOfLayers(4)]
CL_Precoding_Enable=NO
CRS_NumAntPorts=CRS_Tx2 [CRS_NumAntPorts]

CRS =CRS_Tx2 [CRS_!

UserD =NO [UserDs ]

CyclicPrefix=Normal [CyciicPrefix]
RB_AllocType=StartRB + NumRBs [RB_AllocType]
RB_Alloc=0;0 [UE4_RB_Alloc]
NumOfLayers=2 [UEs_NumOfLayers(4)]

PDCCH_SymsPerSF=2;2:2,2;2,2,2:2;2; [PDCCH

LTE-Advanced simulation models (W1918 only)

«Zy LTE_A BER _FER

I LTE A CQI Gen

el LTE_A_DL_ChannelCoder
= LTE_A_DL_ChannelDecoder
#El+ LTE_A_DL_ChEstimatar

& LTE_A_DL_ChEstimator_CRS
Okt LTE_A_DL_CSIRS
:EI“ LTE_A DL DemuxFrame

F LTE_A_DL_DemuxOFDMSym
#=+ LTE_A_DL_DemuxSlot

[ZE LTE_a_DL_DMRS

{ vitE_a DL MIMO_DemuxcIn
“® LTE_A_DL_MIMO_Deprecoder
B LTE_A_DL_MIMO_FrameSync
H=le LTE A DL MIMO FregSync

W[ LTE_A_DL_MIMO_LayerDemapper
#[=b+ LTE_A_DI_MIMO_L ayerMapper
4B LTE_A_DL_MIMO_LayMapFrecoder
4= LTE_A_DL_MIMO_Precoder

}  LTE_A_DL_MuxOFDMSym
=} LTE_A_DL_MuxSlot
Bl LTE_A_DL_OFDM_Demodulator

¥ LTE_A_DL_MIMO_LayDemapDeprecoder

B} LTE_A_DL_OFDM_Modulator

il e A DL Rev

Ij LTE_ADL Src

E LTE_a_DL_Src_RangeCheck
E,'?’-LTE_A_DL_‘I'lmeFreqSync

(e LTE_A_DL_UESRS_Ports
o LTE_A_DL_VirtualAntMapping

d LTE A HARQ Controller
(=]~ LTE_A_IQ_Offset

& LTE_A_MIMO_Mapper
L LTE_A_NBIoT_Demapper
:l:"" LTE_A_MBIoT_DemuxFrame
s+ LTE_A_MBIGT_DemuxSlot
Ry LTE_A_MNBIoT_DeScrambler

|- LTE_A MBIST DL ChannelCoder
{00 LTE_A_MBIST_DL_ChannelDecoder
= H LTE_A_MNBIoT_DL_ChEstimator_NRS
‘Il LTE_A_NBIoT_DL_DemuxOFDMSym
4 J& LTE_A_MNBIGT_DL_FrameSync

I LTE_A_MBIST_DL_MuxOFDMSym
B} LTE_A_MNBIoT_DL_OFDM_Demodulator
B}~ LTE_A MNBIoT DL _OFDM_Modulator
(Cr+ LTE_A_NBIoT_DL_Pilot

[t LTE_A_MBIoT DL_Receiver
{Jr+ LTE_A MBIoT DL ResourceAllocator
{3 LTE_A_MBIoT_DL_Source
00 LTE_a_WBIGT_DL_TimeFreqSync
I LTE_A_MEIoT_HARQ_Controller
E+ LTE_a_MBIaT_Mapper
s+ LTE_A_MBIoT_MuxSlot
|8 LTE_A_MBIGT NPBCH_ChannelCoder
0 LTE_A_MBIGT_NPBCH_ChannelDecoder
-} LTE_A_NBIGT_NPBCH_DeScrambler
-+ LTE_A_NBIoT_NPBCH_RateDematch
|+ LTE_A_NBIoT_NPBCH_RateMatch
[* LTE_A_MBIoT_MPBCH_Scrambler
LTE_A_NBIoT_NPSS
LTE_A_MBIoT NS5
LTE_A_MBIoT_RateDematch
LTE_A_NELoT_RateMatch
LTE_A_MBIoT_Scrambler
= LTE_A_MBIoT_UL_ChannelCoder
LTE_A_MBIoT_UL_ChannelDecader
A1+ LTE_A_MBIGT_UL_ChEstimator
~[FLTE A MBEIST UL DemuxSCFOMASym
S+ LTE_A_NBIoT_UL_DMRS

ooo=2%%0n

¥ LTE_A_NBIoT UL FrameSync
1+ LTE A NBIoT UL MuxSCFOMASym
[k LTE_A_NBIoT_UL_Receiver

<[]+ LTE_A_NBIoT_UL_SingleTonePhaselignmi

M LTE_A_MBIoT_UL_Source
] LTE_A_MNBIoT_UL_TimeFregsync
L LTE_A_PHICH_Deprecoder
Ef-’ LTE_A_PHICH_LayDemapDeprecoder
=} LTE_A_SCFDMA_Demodulator
A=} LTE_A_SCFDMA_Modulator
w[=h~ L TE_A_Specshaping
4= LTE_A_S5_MIMO_Demod
ZHE LTE_A_uL_cazac

gk LTE_A_UL_ChannelCoder

¥ LTE_A_UL_ChannelDecoder

st LTE_A_UL_ChDelnterleaver
H=IE LTE_A_UL_ChEstimator

- LTE_A_UL_ChInterleaver
:—EI'LTE_A_UL_DamuxFrame

‘I] LTE_A_UL_DemuxSCFDMASym
= LTE_A_UL_DemuxSlot
~[E= LTE_A_UL_DFT
"EI“. LTE_A_UL_FrameSync

H== LTE_A_UL_FregSync
#[=he LTE_A_UL_MIMO_Deprecoder
@ LTE_A_UL_MIMO_LayDemapDeprecoder
[} LTE_A UL MIMO_LayerDemapper
#[Zp LTE_A_UL_MIMO_LayerMapper
=l LTE_A_UL_MIMO_LayMapPrecoder
w{=p+ LTE_A_UL_MIMO_Precoder
E" LTE_A_UL_MuxFrame

B LTE_A_UL_MuxSCFOMASYm
(= LTE_A_UL_MuxSlot

TF LTE A WL PUCCH
LTE_A_UL_PUCCH_Controller
=]+ LTE_A_UL_PUCCH_Decoder
=k LTE_a_UL_PUCCH_Demodulator
<&+ LTE_a_UL_PUCCH_Encader

I LTE_A_UL_Rev

f§ LTE_A_UL Src

B LTE A UL Src RangeCheck
@k LTE_A_UL_TimeFreqSync
sl LTE_A_UL_virtualantMapping
LTE_A_UserallocInfo

Figure 3. The W1918 LTE-Advanced baseband verification library provides these 113 simulation blocks and 4 MIMO UL/DL source and receiver
reference designs, along with NarrowBand Internet of Things (NB-loT) support, for Releases 10-13 (June 2016).

LTE simulation models (W1918 and W1910)

LTE_BCH_Gen
LTE_BER_FER
LTE_CodeBlkDeseg
+ LTE_CodeBlkSeg
LTE_ConvCoder
% LTE_CRCDecoder
LTE_CRCEncoder
LTE_Demapper
= LTE_DeScrambler
LTE_DL_CFI

& LTE_DL_ChannelCoder

& LTE_DL_ChannelDecoder

4. LTE_DL_ChEstimator
#[=l LTE_DL_ChEstimator_DMRS
+=+ LTE_DL_DCI_CRC
=+ LTE_DL_DCI_Gen
=)+ LTE_DL_DCI_RateMatch
E”LTE_DL_DEmuxFramE

I LTE_DL_DemuxOFDMSym
"E”LTE_DL_DemuxSIot
HE Lt oL oMRs
() LTE_DL_EWM
El+ e DL H
# I LTE_DL_MBSFN_MusOFDMSym
LTE_DL_MIMO_2Ant_Rcy
LTE_DL_MIMO_2Ant_Src
LTE_DL_MIMO_2Ant_Src_RangeCheck
LTE_DL_MIMO_4Ant_Rcv
LTE_DL_MIMO_44nt_Src

f Do BYae &L

|

e []E =

=] LTE_DL_MIMO_4Ant_Src_RangeCheck

0 LTE_DL_MIMO_DemuxCIR
P LTE_DL_MIMO_Deprecoder
fF LTE_DL_MIMO_FrameSync
A= LTE_DL_MIMO_Fregsync

EF LTE_DL_MIMO_LayDemapDeprecoder

w[=fe LTE_DL_MIMO_LayerDemapper
=P LTE DL MIMO LayerDemapper LLR.
w[=pe LTE_DL_MIMO_LayerMapper
J&fl. LTE_DL_MIMO_LayMapPrecoder
“Z+ LTE_DL_MIMO_Precoder
-} LTE_DL_MuxFrame

1 LTE_DL_MuxOFDMSym
<=+ LTE_pL_Muxslot

-El- LTE_DL_OFDM_Demodulator
-} LTE_DL_OFDM_Modulator
[E+ LTE_DL_Pilat

[+ LTE_pL_pM1_Generator

Cr+ LTE_DL_PstRS

El LTE_DL_Receiver

IOk LTE DL_Src

= LTE_DL_Src_RangeCheck
E,"‘- LTE_DL_TimeFregSync

(O LTE_DL_UESRS_Ports
#[ = LTE_DL_virtualantMapping
<[]+ LTE_FFT
<l LTE_FFT_M

% LTE_HARG_Controller
R LTE_HST_Channel

=1+ LTE_1q_Offset
LTE_Mapper
¢ LTE_Marker
LTE_MBSFN_RS
LTE_MIMO_Mapper
LTE_PBCH_CRC
=T LTE_PBCH_CRCDecoder
~[=]+ LTE_PBCH_DeScrambler
~[=+ LTE_PBCH_RateDematch
&1+ LTE_PBCH_RateMatch
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=l LTE_PDCEH_Mux
-+ LTE_PDCCH RateDematch
=} LTE_PDCCH_Scrambler
(= LTE_PHICH Demodulator
*{=h+ LTE_PHICH_Deprecoder
3@!" LTE_PHICH_LayDemapDeprecoder
ok LTE_PHICH_LayerDemapper
=P+ LTE_PHICH_LayerMapper
=} LTE_PHICH_LayMapPrecoder
{=h LTE_PHICH_Modulator

mlCeml

f

= LTE_PHICH_Precoder

[El+ LTE_PscH
E Le_racH

4% LTE_RACH_Demodulator
“EI"LTE_RACH_HaIfCarrlerShlft
El+ LTE_RACH_PrmGen
“E"LTE_RACH_Sudeapp\ng
3. LTE RateDematch

A LTE RateMatch
A&+ LTE_scFoMA_Demodulator
=+ LTE_SCRDMA_Modulator
=l LTE_Scrambler
[+ LTE_Specshaping
4= LTE_55_MIMO_Demad

El LTE_sscH

@ LTE_Throughput

B LTE_TurboCoder

- LTE_TurboDecoder

Eh LtE_u_cazac

40 LTE_UL_ChannelCoder

B LTE_UL_ChannelDecoder
R LTE_UL_ChDelnterleaver
G’LTE?UL?ChEuuaI\ZEr
4= LTE_UL_ChEstimator

i LTE_UL_ChInterleaver
El+ LTE_UL_ControlInfo_Contraller
i LTE_UL_ControlInfoDecoder
[ELE LTE_UL_ControlInfoEncoder
E"LTE_UL_DemuxFrame

1B LTE_UL_DemuxSCFDMASym
~=}+ LTE_UL_DemuxSlot
~{=}= LTE_UL_DFT

=) LTE_UL_EVM
“E:‘LTE_LIL_FramES\;nt

g" LTE_UL_FregSync

[ LTE_UL_MIMO_2ant_Rcv
@ LTE_UL_MIMO_4Ant_Rcv
ﬁ"LTE_UL_MuxFrame

TH LTE_UL_MuxSCFOMASym
=+ LTE_UL_MusSlot

{24 LtE_uL_PuccH
LTE_UL_PUCCH_Contraller
<=+ LTE_UL_PUCCH Decoder
<&+ LTE_UL_PUCCH_Encoder
J=E LTE_UL_PUCCHDemodulator
@ LTE_UL_Receiver

4§ LTE_UL_Src

E LTE_UL_Src_RangeCheck
& LTE_UL_TimeFregSync
LTE_UserAllocInfo

Figure 4. Both the W1918 (LTE-Advanced) and W1910 (LTE) baseband verification libraries provide these 139 simulation blocks and 10 MIMO UL/DL
source and receiver reference designs for Releases 8 and 9. (March 2010).
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LTE-Advanced Test bench Samples

%% LTE_A_DL_MIMO_Bx8_ThroughputFraction |

Available LTE-Advanced test T
LTE-Advanced: 8x8 DL Throughput Fraction vs. SNR

bench samples: 100

B3 | TE_Advanced_DL_AMC.wsv
LTE_Advanced_DL_Centiguous_CA_MXG_Gen.wsv 90 -4"""..'-
) LTE_Advanced DL_ETM.wsv r"'/
LTE_Advanced_DL_MIMO_2x2_Throughputiwsy /
LTE_Advanced_DL_MIMO_2x2_Throughput_IRC_RX.wsv a0

LTE_Advanced_DL_MIMO_8x8_Throughput.wsy l/
LTE_Advanced_DL_MonContiguous_CA_MXG.wsv
B8 LTE_Advanced_DL_SI50_BER.wsv

& LTE Adwvanced_DL_SISO_DPS.wsv

B3 LTE Advanced DL Txwsv
LTE_Advanced_PUCCH_Decoding.wsv

B L TE_Advanced_UL_AMC.wsv
LTE_Advanced_UL_MIMO_2x2_Throughputiwsy

60 | | | ,/
P s

ThroughputFracton(%s)

. a0
LTE_Advanced_UL_MIMO_dxd_Throughput.wsy /
K& LTE_Advanced_UL_SISO_BER.wsv /

B LTE_Advanced_UL_Tx.wsv 40

l/ | —&— |nH, 64QAM, Code Rate 1/2, 2000 frames simulated
I I I I I I I I I
SD T T T T T T T T

14 15 16 17 18 19 20 21 22 23 24
SNR(dE]

Figure 5. This 8x8 MIMO downlink transmitter example calculates the closed-loop throughput
fraction for an LTE Advanced downlink transmitter with an 8-layer MIMO. Since 2000 frames of
LTEAdvanced data for 8 MIMO channels represents a large number of simulated bits, these long
verification simulations can be scripted and run automatically, for more convenience.

LTE Advanced NB-loT Uplink Transmitter Measurements

Figure 6. Support for NB-1oT (Release 13) allows wireless designers to validate designs that use
the lighter packet structure needed for M2M “internet of things”, including devices that wake up
infrequently to interact with the macrocell network.



12 | Keysight | W1918 LTE-Advanced Baseband Verification Library - Data Sheet

LTE-Advanced Test bench Samples (Continued)

Available LTE-Advanced
test bench samples:

€3 LTE Advanced DL AMCawsv
LTE_Advanced_DL_Contiguous_CA_MXG_Gen.wsv
LTE Advanced_DL_ETM.wsv

W LTE_Advanced_DL_MIMO_2:x2_Throughput.wsy
LTE_Advanced_DL_MIMO_2:2_Throughput_IRC_RX.wsv
LTE_Advanced_DL_MIMO_8:&_Throughput.wsy
H LTE_Advanced_DL_NenContiguous_CA_MXG.wsv
BB L Te_aAdvanced_DL_SISO_BER.wsv
LTE_Advanced_DL_SISO_DPS.wsv

LTE Advanced_DL_Tx.wsv

LTE_Advanced PUCCH_Decoding.wsv

B L1e_Advanced_UL_AMC.wsv
LTE_Advanced_UL_MIMO_2:2_Throughput.wsy
LTE Advanced UL MIMO_4:x4 Throughput.wsy
W LTE_Adwvanced_UL_SISO_BER.wsv

B L TE_Advanced UL Txwsv

LTE-A: FDD Downlink SISO Throughput Measurements, AMC enabled

- AWGN to degrade channel

- AMC adapts MCS modulation, depending on channel quality (CQlI)
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Figure 7. This Adaptive Modulation Coding (AMC) example shows how LTE-Advanced throughput
adapts to changing channel conditions (S/N Ratio) during the simulation, allowing optimum

throughput based on the CQI.
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Figure 8. Dynamic AMC results from the schematic in Figure 7. At high SNR, the throughput is
optimized. The figure also shows Dynamic Point Selection (DPS), a technique for Coordinated

Multi-Point (CoMP) analysis.
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LTE-Advanced Test bench Samples (Continued)

Available LTE-Advanced
test bench samples:

LTE_Acvanced_DL_AMC.wsv
W LTE_Advanced_DL_Centiguous_CA_MXG_Gen.wsy
LTE Advanced_DL_ETM.wsv
W LTE_Advanced_DL_MIMO_2x2_Throughput.wsy
LTE_Advanced_DL_MIMO_2:2_Throughput_IRC_RX.wsv
LTE_Advanced_DL_MIMO_8x8_Throughput.wsy
W LTE_Advanced_DL_NonContiguous_CA_MKG.wsv
LTE_Advanced_DL_SISO_BER.wsv

KB L TE_Advanced_DL_SISO_DPS.wsv
&8 L TE_Advanced DL Txwsv
LTE_Advanced_PUCCH_Decoding.wsv

B LTE_Advanced_UL_AMC.wsv
W LTE_Advanced_UL_MIMO_2:2_Throughput.wsv

e LTE_Advanced_UL_MIMO_4:x4_Throughput.wsy
W LTE_Advanced_UL_SISO_BER.wsv
LTE Advanced_UL_Txwsv

P LTE_A_UL_MIMO_2x2_Fading_Threughput 4]i=11:
LTE Advanced: FDD Uplink MIMO 2x2 Throughput Measurements on Fading Channel

HARD ACHMNACK

BB Tx

t »
[Pt (o setvmatie [ B2 taners | B varameters |

5 Noles |= (T [X]| =07e A UL _MIMD_2x2_Fading Throughputfraction
-
Ad ; | 3
LTE_Advanced_UL_MIMO_2X2_Throughput w0 it Blibar ool aviidic i
Thiz axample workspace demonsirstes choge loop throughput measuraments for LTE Advanced uplni
22 with HARQ retransmission in a fading emiranment g &0
Closed-loop HARQ Simulation Instruction o /
To enably the closidInop HARQ simulation for PUSCH, the fallowing settings must be met f.‘-: /
1. Senthe HARD Enabie’ LTE-Atep YES, £ 70
3 Setthe NanmHARQ pasameter to specdy the susbes of HARQ processes 5
3 Setthe Mak P 1 : fH susion, The B et
BV_Sequénce parameter spect ding sequence whose amay site should be =
eqanl to the MasHAROTrans' parameter. 280
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ome dbfiame i delayed in the recenens.
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i (with the delay of (MimEARG-1) i HARQ_Bits' pems in the eesiver and
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6 Usethe 175 ” . : : shosld :
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Figure 9. This closed-loop 2x2 MIMO example profiles the data throughput percentage vs. SNR,
for an LTE-Advanced uplink transmitter with active HARQ feedback. SystemVue’s proprietary
“dynamic datalow” simulation engine makes dynamic radio reconfiguration possible during the
simulation, while maintaining timing and carrier frequency information for accurate RF effects.
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Figure 10. Non-Contiguous Carrier Aggregation (CA) is demonstrated in this example, by combining
4 Component Carriers (CC) that are each 20-MHz bandwidth. Nonlinear RF/Analog impairments
can be added to this system, creating EVM and throughput degradations more typical of loaded
cells and interference-limited operation.
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LTE Test bench Samples

Available LTE test bench
examples:

| C-Code Generation

6B zcpp L TE_CFR_EVM. sy
3GPP_LTE_Controllnfo_ChannelZoding. wsw
&) zcpp L TE_DL_ChannelCoding.wew
3GPP_LTE_DL_ETM.wsy

@ 3GPP_LTE_DL_MIMO_Throughput, wsy
3GPP_LTE_DL_SISO_EER.wsvy

6B 3P LTE_DL_Tx.wsy
3GPP_LTE_DL_Tx_Beamforming, wsy
6B zcpp LTE_DL_TxEVM.wsw
3GPP_LTE_SignalDownload. wsy

€3 zcpp LTE_UL_BER.wsv
3GPP_LTE_UL_ChannelCoding, wsy
@ JGPP_LTE_UL_PRACH_Detectionwsy
BGPP_LTE_UL_SIMO_Throughput, vsy
@ 3GPP_LTE_UL_SISO_Throughput . wsy
3GPP_LTE_LUL_T¥.wsv

6B zcpp LTE_UL_TxEVM wsw

Note:

The W1918 LTE-Advanced Baseband
Verification Library for SystemVue is a superset
of the W1910 LTE Baseband Verification Library
and includes both LTE and LTE-Advanced
support.

B LTE_FRO_UL_S$150_HARG GG_Cosim

o : Closed-Loop HARQ Throughput
LTE 8.9 - FDD SISO Uplink <" ation with Two GoldenGate Instances (TX and RX)

UL Source —.

o UL Receiver
@ | & I
= - GoldenGate GoldenGate -

s - CO-SIM #1 CO-SIM#2

_ [0003‘1 LTE . -\/f Coded LTE l

Galden(ate
Transmitter Mixer
3 E25GH Copm

ZE Pt [ Seleenatic | £ Eations E(sm:l

Figure 11. This LTE Throughput simulation includes live co-simulations with Keysight GoldenGate for
two CMOS RFIC transceiver components. These are not behavioral models; the true envelope-level
dynamic behavior can be verified down to the transistor level in a meaningful, standard-compliant
test. This is useful for both the System Architect verifying the overall PHY performance, and also for
the RFIC circuit designer prior to tape-out of the wafer.

= LTE_BR_CFR_EVM_CCOF_CCOF

CCOF - with and without CFR algarithm Spectrum - with and without CFR algorithm

— — CFR wl[—cr |||
: = —— Original —— Original |
1\% 50
- H
g \ £ J
o1 '\ 30
90
om |
1ed
0 10H 2084 R0 4108 S138 BIE1 TAE A28 931 1038 1980 1475 1882 168 #0406 M 2004 20 20H
Fraguenty [HE

Figure 12. This LTE example evaluates a possible Crest Factor Reduction (CFR) algorithm by
plotting the spectrum, CCDF, and other figures of merit for a configurable LTE DL source. Other
LTE measurements, such as EVM vs. subcarrier and other channel-specific metrics, are also
available. For full analytical power regarding the signal itself, simply co-simulate from SystemVue
into the Keysight 89600 VSA software, and use the visualization capabilities of the instrument
personality to explore the effects of algorithms and impairments even further.
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LTE Test bench Samples (Continued)

Available LTE test bench T (e

AD 90 3@ BESE- -0 8 oAk L ear Lmes ) \EEE@E &L b=
n " BR-4 r| IrA$om
examp[es - Built-in dynamic B E-a08 [ AP7T
LTE DL Transmitter | o3| . %
EVM measurement Constellation (L1) ws. Symbol (L1)

|2 C-Code Generation

@ 3crr | TE_CFR_EWM.wsv

@ 3GPP_LTE_ConkrolInfo_ChannelCoding, wsy
@ 3cpp LTE_DL_ChannelCading.wsy

&P 3cPp_LTE_DL_ETM.wsv
@3GPP_LTE_DL_MIMO_ThrDughput.wsv

&P 35Pp_LTE_DL_SISO_BER.wsw

@ 3crp LTE_DL_Tx.wsv
@3GPP_LTE_DL_Tx_BeamFDrming.wsv

@B 3crr_LTE_DL_T<E¥M.wsv
QSGPP_LTE_SignaIannIDad.wsv

@ 5cpp LTE_UL_BER wsv e g

EVM vs. Subcarnier (L1}

€/ 3crp L TE_UL_channelCoding.wsv i, e !
@3GPP_LTE_UL_PR.C\CH_DetectiDn.wsv '
@SGPP_LTE_LIL_SIMO_Throughput.wsv Figure 13. SystemVue’s W1910/W1918 LTE reference receivers now provide dynamic signal quality
@3GPP_LTE_LlL_SISO_Throughput.wsv measurements, without the use of external software or personalities.
B 3cPp_LTE_UL_TH.wsv
@ 5cpp LTE_UL_TxEYM.msy
2 o (50X b s T e
3GPP_LTE_UL_SIMO_Throughput LTE_UL_1x2_Fading_Throughput.dsn <
LTE FOO Uplink HARG Throughput measursment in SIMO 1x2 fading channel
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-
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N
EE.
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LTE_FDD_UL_1x2_Throughput 4 : = %
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Figure 14. SystemVue 2009 introduced the “Dynamic Datalow” simulation capability to enable
true, faded throughput measurements. Dynamic Datalow allows the data rate, and therefore the
radio modulation format, to change dynamically during the simulation, while maintaining the timing
and carrier frequency information needed for accurate RF and channel effects. This quasi-MAC
behavior achieves both simulation behavior and physical layer accuracy that many other datalow
and event-driven simulators cannot manage simultaneously.
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LTE Test bench Samples (Continued)

Available LTE test bench
examples:

[C3)C-Code Generation

BB zcpp L TE_CFR_EVM.msy

&8 zpp L TE_DL_ChannelCading wsy
&=2cpp_LTE_DL_ETM. wsv

@ SEPP_LTE_DL_FDD_TestCase,wsy
@ 3GPP_LTE_DL_MIMC _Throughput.wsy
&) zcpp | TE_DL_SIS0_BER wev

& zzpp_LTE_DL_Txc.sw
E93GPP_LTE_DL_TEYM, wsv
@BGPP_LTE_SignaIannInad.wsv

& 3pp L TE_L_BER. wsv

& zpe 1 TE_L_ChannelCoding wsy
@ SGEPP_LTE_UL_PRACH_Detection,wsy
WP 3GPP_LTE_LL_SIMO_Throughput.wsy
@3GPP_LTE_LIL_SISO_Thru:uughput.wsv
6 zpp L TE_L_Tx. v
ESGPP_LTE_UL_TxEVM.wsv

Chanhel Codér L Algorithmic Development Envigonmen

w—E—

spoopal

User IP FPGA Development
.m math code

C++ LI L HDL test bench
RTL SYSTEMVUE

Test Vectors & scripts SEURVERICD

HOL VECTOR

FPGA Hardware Test SYSTEMVUE

OUTPUT VECTOR|
Code-generation Rt I LT e
Win32 DLL

C++ (special option”) SlamaE =———1 " rpcavector

Figure 15. This LTE Channel Coding example exposes the internal signal processing chain, allowing
for test vector generation and comparison from any node in the system. This facilitates easy
scripting and verification of user algorithms.

3GPP_LTE_UL_PRACH_ Detection {from 8.4.2 of TS 36.104)

This exanple workspace demonsteates PRACH detection measurements for an LTE wuplink in fading and AGWN emroniment, following 8 4.2 of 35.104. Three examgle designs are provided

LTE_FDD_PRACH_Formatd_E TUT0_AutoDetection
This exarnple demanstrates test case as defined in Table 52311 of 35 104, The detaded confiqurations are
Humber of X sntennos ] Propagotion conditions (Annex B) l Frquency offst [_S[I_R_Ld_ﬂj_ .
Burst format 0
[EwT [Zronz |ET] |
Accerding 1o 36,104, Iive probabality of detectscn shall be equal 1o of excesd 595 for the SHR level above

LTE_FDD_PRACH_Format1_AWGN_AutoDetection
This example demonsirates test case [1.1) a5 definad in Tabde 34211 of 36
s dofr 2 ELTLL ] 3

The dutsiled configurstions are______
jon conditicns [Annex B) ] Frequency offset | SNR [dB]
[

Burst fonmat 1
167 | X

4 TANGH

LTE: FDD PRACH Detection on SIMO 1x4 AWGN Channel

Q:_ RF AWGHN Charinel

PRACH Detoction

€
JLLFwiE - Schematic | 5t Coustions |

Figure 16. This LTE example runs a standards-based Physical Random Access Channel (PRACH)
Detection test that is specified in TS 36.104 of the 3GPP LTE 8.9 standard. The PRACH channel
should be detected more than 99% of the time under certain specified conditions, such as S/N
ratio. Prebuilt test benches like these save scripting and verification time for the engineer who must
validate raw algorithms against the LTE standard.

For more information about SystemVue, please visit us on the web:

Product information
www.keysight.com/find/eesof-systemvue-lte-advanced

Product Configurations
www.keysight.com/find/eesof-systemvue-configs

Request a 30-day Evaluation
www.keysight.com/find/eesof-systemvue-evaluation

Downloads
www.keysight.com/find/eesof-systemvue-latest-downloads

Helpful Videos
www.keysight.com/find/eesof-systemvue-videos

Technical Support Forum
www.keysight.com/find/eesof-systemvue-forum
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