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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 stream-
lined process

Fill strategic gaps using simula-
tion, such as missing hardware
and MIMO effects for early
throughput testing

Interoperate with test equip-
ment, while the standard itself is
still evolving

Re-use the same Keysight IP and
test assets throughout process
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Offering the Fastest Path from Algorithms to R&D Verification

The W1918 LTE-Advanced Baseband Verification Library saves time, reduces engineer-
ing 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 Keysight Technologies, Inc. W1918 LTE-Advanced Library provides the industry’s
first commercial design support for the physical layer of 3GPP Release 11, enabling sys-
tem and algorithm developers to deploy next-generation 4G performance with greater
insight and greater confidence.

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 10-11
(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,
grouped into 7 easy tabs

Scriptable schematic
(79 parameters)

For quick, human usability
and signal generation

For verification and
documentation
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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 unrestricted exploration and
customization inside the signal pro-
cessing chain
- Generate any Layer 1 signal condi-
tions, at any point inside the signal
processing, or elsewhere in the envi-
ronmental system
- 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, RF, interfer-
ences
- simulate BER/Throughput, before
HW
- interoperate seamlessly with real
test

Configuration

The W1918 LTE-Advanced Baseband Veri-
fication Library can be added as an option
to any SystemVue environment or bundle.
It interoperates especially well with the
W1715 MIMO Channel Builder modelset,
and can be used with the W1716 Digital
Pre-Distortion Builder module. The W1918
library adds LTE-Advanced algorithmic
reference models to an existing modelset
for LTE, and is therefore a superset of the
W1910 LTE library.

Requirements

The W1918 library requires SystemVue
2011.03 release, or later
- SystemVue runs on Windows 7, 8.
Remote/distributed simulation is also
supported on versions of RedHat
Linux. Affordable network licensed
configurations are available for work-
groups to share.
- W1918 is available as a perpetual
software license with an annual sup-

port, or as a cost effective time-based

license.
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Figure 2. SystemVue’s LTE-Advanced reference library provides the industry’s first major design
library 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
LTE
Compiled dataflow simulation blocks 139 parts

Release 10/11/12
LTE-Advanced

71 parts

C++ “exploraton” source code

Optional, add-on

Optional, add-on

Packaged MIMO Sources/receivers, w/GUI 10 ref designs 4 ref designs
Testbenches/reference exmples 20 examples 10 examples
Works with existing instrument H/W Yes Yes

Waorks with Keysight 89600 VSA and SignalStudio  Yes, also generates ~ Yes
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 Release 10/11)

LTE-Advanced Downlink baseband sources and receivers

- FDD and TDD The W1918 LTE-Advanced
- Upto 8 TXand 8 RX antennas Baseband Verification Library is

- Localized and Distributed RB mapping
— Transmission Modes TM1-4, and 6-9 based on 3GPP LTE Release 11

- Virtual antenna mapping, the mapping matrix can be configured (Dec 2013). Keysight library up-
- Release 10 PDSCH transmission and Release 8 PDSCH transmission in the downlink source dates are issued regularly to remain
- Closed-loop HARQ simulation by employing Dynamic Data Flow (DDF) and Matrix Data Type. Each code- o . .
word have one individual HARQ feedback loop. compat|b|l|ty with the evolution of
- PDSCH the standard.
- 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)

- 3GPP TS 36.211 v11.5.0, “Phys-

~ Physical signals ical Channels and Modulation,”
- Cell-specific reference signals December 2013.
- UE-specific reference signals (port 5, 7-14) - 3GPP TS 36.212 v11.4.0, “Mul-
. C;ﬂ?g/(?lcchr:;)::]zeeits|on signals, including primary and secondary synchronization signals tiplexing and Channel Coding,”
- Full procedures for PCFICH, PHICH, PDCCH and PBCH, including information bits generation and chan- December 2013.
nel coding - 3GPP TS 36.213 v11.5.0,
- CSl reference signals (port 15-22) “Physical Layer Procedures,”
- Downlink power allocation according to TS36.213 December 20713.

- 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
- 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

LTE-Advanced Uplink baseband source and receivers

- FDD and TDD
- Upto4 Tx antennas and 4 Rx antennas
- Cluster SC-FDMA
- Simultaneous PUSCH and PUCCH transmission
- Maximal ratio combining (MRC) method for receiver diversity
- Adaptive Modulation and Coding (AMC)
- Coordinated Multi-point (CoMP, or Dynamic Point Selection)
- Closed-loop HARQ simulation by employing Dynamic Data Flow (DDF) and Matrix Data Type.
- 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 36.212)
- Uplink controlinformation 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 car-
rier aggregation
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Technical Specifications - LTE (3GPP Release 8/9)

The W1910 LTE Baseband Verifica-

LTE Downlink Baseband MIMO sources and MIMO receivers tion Library is based on 3GPP LTE
Release 8/ 9 (March 2010). This
Downlink Sources LTE library is also included as part
of the larger W1918 LTE-Advanced
- FDD-LTE and TDD-LTE library, which further adds Release

- Transmission modes TM1-4, and 6-8 10.

- 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 multiplex-

- 3GPP TS 36.211 v9.1.0, “Physi-

ing) of 36.101 cal Channels and Modulation”,
~ Provides native downlink EVM measurements that are algorithmically compatible with Keysight March, 2010.

89600 VSA software v11.20 and later - 3GPP TS 36.212 v9.1.0, “Multi-
- PDSCH : P

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

- Three RB (resource block) allocations (StartRB+NumRBs, RB indices (1D), RB indices (2D) ) March, 2010.

~ Three transport block allocations (MCS index, transport block size and target code rate) - 3GPP TS 36.213 v9.1.0, “Physi-
- Physical signals cal Layer Procedures”, March,

- Cell-specific reference signals 2010

- 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
- 1antenna, 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

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 (de-
fined 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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LTE Uplink Baseband Sources and Receivers

- FDD-LTE and TD-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 and later
- 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
- Controlinformation decoding
- Uplink receiver solutions are provided for
- 1antenna.
- 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 210 simulation Lre AbL Lre_A oL
LTE_A )
reference blocks for LTE and LTE- S o S Layap. B 4 om—
Advanced. In addition, lower-level rgrerem—
primitives have been combined into S st e L o) s e R N

CW1_MappingType=QPSK [UE4_CWA1_MappingType] CdBlk_Index=0 [UEs_CdBlk_Index(4)] E4_

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 signal-
processing chain, or to complete a
working PHY.

CW2_MappingType=QPSK [UE4_CW2_MappingType]
FrameMode=FDD [FrameMode]
Bandwidth=BW 5 MHz [Bandwidth]
NumTxAnts=Tx8 [NumTxAnts]
CRS_I RS_Tx2 [CRS_|
CyclicPrefix=Normal [CyclicPrefix]
RB_AllocType=StartRB + NumRBs [RB_AlocType]
RB. 0[UE4_RB_Alloc]
-2 [UEs_NumOfLayers(4)]

NumOfCWs=2 [UEs_NumOICWs(4)]
NumOfLayers=2 [UEs_NumOfLayers(4)]
CL_Precoding_Enable=NO
CRS_NumAntPorts=CRS_Tx2 [CRS_NumAntPorts]
u recoder=NO [UserD: )

Al
NumOfLayer
PDCCH_SymsPerSF=2.2:2:2,2:2:22:2;2 [PDCCH_SymsPerSF]

LTE-Advanced simulation models (W1918 only)

=% LTE_A_BER_FER —=-LTE_A_ScFDMA_Demodulatar
= LTE_A_SCFDMA_Modulator
#[=]+ LTE__Specshaping

4=}~ LTE_A_S5_MIMO_Demod
LTE_A_UL_CAZAC

ﬂ LTE_A_UL_ChannelCoder
HE LTE_A_UL_ChannelDecoder “[=h- LTE_A_UL_Muxslot

=5 LTE_A_UL_ChDelnterleaver Er}s LTE_A_UL_PUCCH

#Eb LTE_A_UL_chEstimator LTE_A_UL_PUCCH_Controller
& LTE_A_UL_Chinterleaver ~=}+ LTE_A_UL_PUCCH_Decoder
Wb LTE_&_UL_DemuxFrame 12 e a_uL_PuccH_Demodulator
B LTE_A_UL_DemuxsCFDMASYm = LTE_A_UL_PUCEH_Encoder
*E’*LTE_A_UL_DemuxSIUt @ LTE_A_UL_Rev

-0~ LTE_A_UL_DFT gE LTE_A_UL Src

= LTE_A_UL_FrameSync B LTE_A_UL_Src_RangeCheck
i LTE_A_UL_FregSync 48 LTE_A_UL_TimeFregSync

=] LTE_A_UL_MIMO_Deprecoder “[=h= LTE_A_UL_virtualAntMapping
=k 1TE_A_UL_MIMO_LayDemapDeprecoder 5]+ LTE_A_UserallacInfo

#[E+ LTE_A_UL_MIMO_LayerDemapper
LTE_A_UL_MIMO_LayerMapper
= LTE_A_UL_MIMO_LayMapPrecoder
“[Zb+ LTE_A_UL_MIMO_Precader

H=] LTE_A_UL_MusFrame

3 LTE_ A UL MuxSCFOMASYM

#[=]= LTE_A_DL_MIMO_LayerMapper
T 1me a cor Gen & LTE_A_DL_MIMO_LayMapPrecoder
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#=h LTE_A_DL_ChEstimator #[=]r [ TE_A_DL_MuxSlot
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£ LTE_A_DL_MIMO_LayDemapDeprecoder @ LTE_A_MIMC_Mapper
"E” LTE_A_DL_MIMO_LayerDemapper = LTE_A_PHICH_Deprecoder
ZE’Z LTE_A_PHICH_LayDemapDeprecoder

Figure 3. The W1918 LTE-Advanced baseband verification library provides these 71 simulation blocks and 4 MIMO UL/DL source & receiver reference
designs for Release 10 and 11.

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

%4 LTE_A_DL_MIMO_BxB_ThroughputFraction

Available LTE—-Advanced

LTE-Advanced: 8x8 DL Throughput Fraction vs. SNR
Test bench Samples: 10

a0
[ 1 TE_Advanced DL_AMC.wsy L

[ | TE_Advanced DL Contiguous CA_MXG_Gen.wsy T Tl I TSl T T T = k”/
LTE Advanced DL_MIMO_2x2_Throughputawsu /‘

[ | TE_Advanced DL_MIMO 8x8_Throughput.wsy
[ | TE_Advanced DL NonContiguous CA MXG.wsy

g0

) | TE_Advanced_DL_SIS0_BER:wsv
LTE_Advanced_DL_SISO_DPS.wsv

) | TE_Advanced_DL_Tewsv

&) L TE_Advanced PUCCH_Decoding.wsy
) | TE_Advanced_UL_AMC.wsy

= /
LTE_Advanced_UL_MIMO_2:2_Throughput.wsv

L~ f
@ LTE_Advanced_UL_MIMO_4:d_Throughput.wsy /
m LTE_Advanced_UL_SISO_BER.wsv a0 /
) | TE_Advanced_UL_Tawsv | |
40 // : : : i .
& | —— InH, 640AM, Code Rate 1/2, 2000 frames simulated |
a0 | | | I | | |

14 15 16 17 18 19 20 21 22 23 24
SNR{dE)

70

ThroughputFraction;%)

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 LTE-
Advanced data for 8 MIMO channels represents a large number of simulated bits, these long verifica-
tion simulations can be scripted and run automatically, for more convenience.

PLE RIIB 5‘1::” RS UE
allocated for R10 UE | SUoERee T RB 15-24

not allocated

B o0 poscH B8 POSCH
. B W #ss [ TS
B roccw B Percw W recw

Figure 6. SystemVue LTE-Advanced allows you to configure algorithmic reference test vectors for the
downlink transmitter, and mix allocations of Release 8 and Release 10 resource blocks.
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LTE-Advanced Test bench Samples, continued

Available LTE-Advanced
Test bench Samples:

BB | TE Advanced DL AMCowsy
LTE Advanced DL Contiguous CA MXG_Gen.wsy
) L TE Advanced DL MIMO_2:2_ Throughputuwsw
& | TE Advanced DL MIMO 8@ Throughput.wsy
LTE_Advanced DL NonContiguaus CA_MXG.wsy
&P | TE Advanced DL SISO_BER.wsv
LTE_Advanced DL SISO_DPS.wsy
&8 | TE Advanced DL Tuwsy
& | TE Advanced PUCCH Decodingawsy
BB | TE Advanced UL AMCwsy
LTE Advanced UL MIMO_2:2_ Throughputawsu
&) | TE Advanced UL MIMO_4xd_Throughput.wsy
LTE_Advanced_UL_SISO_BER.wsv
LTE_Advanced_UL_Txawsv

LTE-A: FDD Downlink SISO Throughput Measurements, AMC enabled
- AWGN to degrade channel
- AMC adapts MCS modulation, depending on channel quality (CQI)
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o B HARQ
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™
AR . 3
e T o Ga

Throughput

LTE-A BB Source O~ e

LTE-A BB Receiver

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 through-
put based on the CQI.
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difierent cell D (set in Global £
UE (LTE_A_DL_Rcv) receivel 12646
'D l = T = TH I 0 2 4 6 8 10 12 W 1
4] PartList tic | £ Eouati Configurati Paramets
— arilet [ Schemat quations | |1 Configurations rameters SNR
“ | || & Amc_Throughput =0l
LTE-A:FDD Downlink SISO Throughput Measurements, AMC enabled
- AWGN to degrade channel LTE-A Throughput (bis) vs. SR (dB), with AMC active
~AMC adapts MCS depending on channel quality (CQf) o=
2
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g
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[Erors_|
Use mouse to drag object(s AP NUW SCRL

Figure 8. Dynamic AMC results from the schematic in Figure 7. At high SNR, the throughput is opti-
mized. 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:

[ C-Code Generation
P 2GPR | TE_CFR_EWM. sy
3EPP_LTE_Controllnfo_ChannelCoding. wsw
3EPP_LTE_DL_ChannelCoding. wsy
3GPP_LTE_DL_ETM.wsy
3GPP_LTE_DL_MIMO_Throughpuk, wsy
3GPP_LTE_DL_SISC_BER.wsv
3GPP_LTE_DL_Tx.wsw
3GPP_LTE_DL_Tx_Beamforming.wsy
BB 5cpe LTE DL TxEWM.wsv
SGPP_LTE_SignaIannInad.wsv
€ 3:Pe_ TE_UL_BER.wsv
3EPP_LTE_UL_ChannelCoding. wsy
3GEPP_LTE_L_PRACH_Detection.wsy
3EPP_LTE_UL_SIMO_Throughput wsy
3EPP_LTE_UL_SIS0_Throughput,wsy
3GEPP_LTE_LIL_TH.wsw
3GEPP_LTE_LIL_TxEWM wsv

]
[

B LTE A UL_MIMO_2x2_Fading Throughput

LTE Advanced: FDD Uplink MIMO 2x2 Throughput Measurements on Fading Channel

HARQ ACKNACK

MIMO
Channel

BB Tx

&
[Pt - Schematic [ $¢ Exvsions | B Feranciers

= Notes

Ié'lI]'E-Advanced: 2x2 UL Throughput Fraction vs.

e

% LTE_A_UL_MIMO_2x2_Fading_ThroughputFraction

LTE_Advanced_UL_MIMO_2X2_Throughput

Agilent Technologies SystemVue Example Workspace

This example workspace demonstrates close loop thoughput measurements for LTE Advanced uplink
2x2 with HARQ retransmission in a fading emironment

3
=}

Closed-loop HARQ Simulation Instruction
To enable the closed-oop HARQ simulation for PUSCH, the following settings must be met. =

o)
=}

Setthe HARQ Enable' parameter in LTE-A top-level sources and receivers to YES.

Setthe NumEARQ parameter to specify the number of HARQ processes.

Set the MaxHARQTrans parameter to specify maximum mumber of HARQ transmission: The

coding seq array size should be

RV_Sequence’p; P
equal to the MaHARQTrans' parameter.

terin LTE-A top toone subframe delay (1ms), which means
one subframe is delayed in the receivers
Connect the HARQ_Bits' port in the receiver back to the HARQ_Bits' portin the source. Note thata Delay ||
part (with the delay of (NumHARQ- 1) is placed between these two HARQ_Bits' ports in the receiverand
the source.
Use the LTE_Throughput part to measure the simulated throughput. Note that the two input perts should

. and th in with the

@
=1

ThroughputFraction( %)

6 75 8 9 10 " 12 13 14
SNR{dB)

. o e i, GPSK, Gad Rt 11, 2000 surames Smted

second subframe (ie. set SubframeStart >=1).

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
dataflow” simulation engine makes dynamic radio reconfiguration possible during the simulation,
while maintaining timing and carrier frequency information for accurate RF effects.

(- [B[X] % L1E-A_CA_4CCs.PA_Output_Power

LTE-A non-contiguous CCs: (2x20MHz2) + (2x20MHz)

m—mp— [ e

LTE-Advanced DL

non-continguous Carrier Aggregation
‘Agilent Technologies SystemVue Workspace

This example is to generate LTE-Advanced downlink signals with non-contiguous earrier
aggregation within single band. It can not generate multiband carer aggregatiuon

5MHz+5MHz_non-CCs_10MHz £580
This folder includes schematic to generate 10MHz LTE-Advanced non-contiguous g
cartier aggregation (5MHz+6MHz component carriers) and download this 10MHz LTE-A | §.100
DL signal into Agilent ESG/MXG. The default upsampling ratio is 4. &

2x20MHz+2x20MHz_non CCs_80MHz -120

This folder includes schematic to generate 80MHz LTE-Advanced non-contiguous
carrier aggregation (2x20MHz+2x20MHz component carriers) and download this 8
80MHz LTE-A DL signal into Agilent ESG/MXG. The default upsampling ratio is 4.

2430 3450 3470 3490 3510 3520 3550 2570
Freguency (MHZ)
—— CA_Specirun_Powsr

B LTE-A_CA_4CCs

LTE-A Non Ceontiguous
Carrier Aggregation
with 4x20MHz CCs

a |
i )

Parameters

gl :
TR s seaniuis | Bk

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
&8 3GPP_LTE_CFR_EVM.wsy
@ 3GPP_LTE_Centrollnfo_ChannelCoding.wsv
E 3GPP_LTE_DL_ChannelCoding.wsy
&3 3GPP_LTE DL_ETM.wsv
3GPP_LTE_DL_IdealReceiverwsy

=4 3GPP_LTE_DL_MIMO_Throughputawsy
€3 3GPP_LTE_DL_SISO_BERwsv
&8 3GPP_LTE DL_Tawsv
@ 3GPP_LTE_DL_Tx_Beamforming.wsv
(€ 3GPP_LTE_ DL TxEVM.wsy
E 3GPP_LTE_SignalDownload.wsw
&3 3GPP_LTE_UL_BERwsv
) 3GPP_LTE_UL_ChannelCoding.wsv

B 3GPP_LTE_UL_PRACH_Detection.wsv
E 3GPP_LTE_UL_SIMO_Throughput.wsy
Q 3GPP_LTE_UL_SISO_Throughput.wsw
&R 36PP_LTE_UL_THwsv
€ 3GPP_LTE_ UL TxEVM.wsv

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.

P> LTE_FDD_UL_SISO_HARQ_GG_Cosim

LTE 8.9 - FDD SISO Uplink Closed-Loop HARQ Throughput

Co-simulation with Two GoldenGate Instances (TX and RX)

’ Coded LTE X Coded LTE
UL Source i UL Receiver

GoldenGate
CO-SIM #1

GoldenGate
CO-SIM#2

GoldenGate
Transmitter Mixer
[2.6256Hz Cosim Cosim

&
TP fo- Schematio [ Eovations | EParancters

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.

(LTSI
CCDF - with and without CFR algorithm

Spactrum - with and without CFR algarithm
| 1| 1 1
— CFR J || —cFR

—— Qriginal — Original

[ ——

|

=
5

COOF

BN
s=ua=ll I
NPT |

N

0 0 2058 WO 4M0E S435 BN THE @S 43D 10w

1808 1T LEE) VIR TR
Frogueney [0HE

2T T B T T T ST = ]

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 measure-
ments, 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

X| B LTE UL Src_CppGen

Ava ||a ble LTE Test benCh LTE UL Source C++ Code Generation

LTE UL Source
++ {[
. This example demonstrates how SystemVus can be ussd to generate C++ code for LTE UL C1¥.Code Generation
Xa I | | p es . source. There are two top level designs in this workspace:
o C#++ code generation for LTE UL Sourcs: LTE_UL_Stc_CppGen =2
« Verfication of the code generation: Verfy_CodeGeneration po £
0 3
| 5 . vo
| CoCode Genctation Before you running these designs. please refer to User's GuidelUsing SystemVusiCode
& Generation|C++ Code Generation for detailed information on C++ Code Generation. ez

&8 3GPP_LTE_CFR_EVMawsy =
3GPP_LTE_Controlinfo_ChannelCoding.wsy

@ 3GPP_LTE_DL_ChannelCoding.wsv

&8 3GPP_LTE DL_ETM.wsv

@ 3GPP_LTE_DL_IdealReceiverwsy

Steps of C++ code generation and verification for LTE UL Source:

1. Open CppGen and set the Output Directory. Click “Generate Now” in CppGen, the generated
i be opened automatically.
it

Verify C++ Code
&) 36PP_LTE_DL_MIMO_Throughput.wsv Generation 18 ‘ ‘
&8 3GPP_LTE DL_SISO_BER.wsv - : !
&8 3GPP_LTE DL_Txwsv 54 1 1
@ 3GPP_LTE_DL_Tx_Beamforming.wsv 02 : :
2912, 518e-9
] 3GPP_LTE_DL_TxEVM.wsv = ; ;
@) 3Gpp_LTE SignalDownload.wsy Ty " ! ‘
generated di| 04 I [
&8 3GPP_LTE_UL_BER.wsv : :
-08
@ 3GPP_LTE_UL_ChannelCoding.wsv 5 : :
(& 3GPP_LTE_UL_PRACH_Detection.wsv O g i i
E 3GPP_LTE_UL_SIMO_Throughput.wsv ol 'm . . 0 30719.8 614396 921694 1226792 153599
€8 3GPP_LTE_UL_SISO_Throughput.wsv L scherme | | =5F

&B) 3GPP_LTE UL TXwsv
] 3GPP_LTE_UL_TxEVM.wsy

Figure 13. The LTE library (release 8/9) supports C++ code generation to create compiled Win32 DLLs
that can be used in other verification environments, outside SystemVue. Your W1910/W1918 license
continues to enable these executable models, even outside SystemVue.

® LTE_UL_SIMO_1x2_Throughput

3GPP_LTE_UL_SIMO_Throughput LTE_UL_1x2_Fading_Throughput.dsn b
L LTE FDD Uplink HARQ Throughput measurement in SIMO 1x2 fading channel

This example workspace demonstrates Throughput vs SNR
measurements for an LTE uplink system in Fading channel with 2 and 4
recceiver antennas, following the configuration in 8.2 of 36.104.

Closed-loop HARQ Simulation Instruction is given in the
Notes of 3GPP_LTE_DL_MIMO_Throughput wev and
3GPP_LTE_UL_SISO_Throughput wsv

LTE_FDD_UL_1x2_Throughput
This example demonstrates test case as defined in Table §.21.13 of
36.104. The detailed

Bandwidth Reference Channel | Propagation Condit
Throughput
P
Sz [A34] (QPSK 1/3] | EVATO & i I
i ‘ e 3‘* ALst fSchematic | 3 Exustions | [fParameters
QAM_R34_Throughput [ i_Throughput
T LTE_UL_SIMO_1x4_16QAM_R34_Throughput 100 LTE_UL_SIMO_1x2_QPSK_R13_Throughput
T T T T
95 - - - 94 =
i i I T — —
80— ! ‘ 8 4 i
85 ! ! Ik 82 i If
F 1 T I @ T
R T T &, s T
2 - i 2 - -
§“ 70 I i [ éﬂ B A :
E ool i i £ ‘
B0 - I I 5 T
55 - I | 48 I
T T T T
50 40 1
57 82 8.7 72 77 82 87 92 9.7 2 -1 0 1 2 3 4
SNR SNR
-y -y

Figure 14. SystemVue 2009 introduced the “Dynamic Dataflow” simulation capability to enable true,
faded throughput measurements. Dynamic Dataflow 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 dataflow and event-
driven simulators cannot manage simultaneously.
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LTE Test bench Samples, continued

I — ;

Channel Coder

Available LTE Test bench
Examples:

e

User IP FPGA Develop A ent SYSTEMVLE
[CC-Code Generation .m math code Environment OUTPUT VECTOR
g E P o
EBcrp LTE_CFR_EVM.wsy RTL SYSTEMVUE 7 HoLvEcToR |

INPUT VECTOR

EF)3crp_LTE_DL_ChannelCading, wsy Test Vectors & seripts

& zcre_LTE_DL_ETM. sy
& 3P _L TE_DL_FDD_TestCase.wsy

SYSTEMVUE
QUTPUT VECTOR |
-

Code:gerleration

Win32 DLL

@SGPP_LTE_DL_MIMO_ThrDughput.wsv C++ (special option”) i
EBGPP_LTE_DL_SISO_BER.wsv

JGEPP_LTE_DL_Tx,wisy Figure 15. This LTE Channel Coding example exposes the internal signal processing chain, allowing
BGPP_LTE_DL_TXEVM.WSV for test vector generation and comparison from any node in the system. This facilitates easy scripting
@SGPP_LTE_SignaIDuwnIuad.wsv and verification of user algorithms.
& zcpp L TE_LL_BER wsv
EBscrp LTE UL ChannelCoding. wsy .
@3GF‘P_LTE_LIL_F‘R.D.CH_Detectinn.wsv Hroe ‘;HEH
@3GF‘P_LTE_LIL_SIMO_ThrnughpuI:.wsv 3GPP_LTE_UL_PRACH_Detection (from 8.4.2 of TS 36.104) i

@ ‘Agilent Technologies SystemVue Example Workspace
= 3GPP_LTE_UL_SISO_Throughput.wsy This example workspace demonstrates PRACH detection measurements for an LTE uplink in fading and AGWN emironment, following 8.4.2 of 36.104. Three example designs are provided =

@ 3GPP_LTE_LIL_Tx.wsw LTE_FDD_PRACH_Format0_ETU70_AutoDetection
Frequency offset | GNR [dB] ul
Burst format 0

y This pl test case as defined in Table 8.4.2.1-1 of 36.104. The detailed corﬂgum{mns are
6B 2cpp_LTE_UL_T=EVM,wey
[z [EuT0 2701z 50 ]

Number of RX antennas | Propagation conditions (Annex B)
According to 36,104, the probability of detection shall be equal to or exceed 99% for the SR level above.

LTE_FDD_PRACH_Formati_AWGN_AutoDetection
This exampl test case [1.1] as defined in Table 842.1-1 of 36.104. The detailed are
Number of RX antennas | Propagation conditions (Annex B)

Frequency offset | SHR [dB
Burst format 1

I [ AWGN o 1167 | L]

P LTE_FDD_PRACH_Format1_AWGN_AutoDetection

L % |
LTE: FDD PRACH Detection on SIMO 1x4 AWGN Channel PRACH Detection =

RF AVWGN Channel

PRACH Source

€|
egfFerist [ Schematic [ B Exuetions |

Figure 16. This LTE example runs a standards-based Physical Random Access Channel (PRACH) De-
tection 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. Pre-
built test benches like these save scripting and verification time for the engineer who must validate
raw algorithms against the LTE standard.
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