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		  keysight technologies 5g waveform generation & analysis testbed, reference solution solution brochure

 02 | keysight | 5g waveform generation & analysis testbed, reference solution - solution brochure flexibility required for 5g research -  waveform generation and analysis introduction one of the biggest challenges faced by todays 5g researchers is the number and variety  of waveforms, frequencies, and bandwidths being investigated. this includes waveforms  at frequencies below 6 ghz, and at microwave and millimeter-wave frequencies which  may involve wide bandwidths.  because the 5g standardization process has not yet begun, physical-layer waveforms  have not been defned. several potential waveform candidates are in the running such as:  flter bank multi-carrier (fbmc), orthogonal frequency-division multiplexing (ofdm), and  universal fltered multi-carrier (ufmc). to address the multitude of possible scenarios,  a fexible test environment is critical for this stage of 5g signal generation and analysis  research. 5g waveform generation & analysis test challenges flexibility is paramount at this early stage of 5g research. it enables what if ? analyses  to be performed during evaluation of early concepts and potential 5g waveforms,  using  a variety of modulation schemes at many different frequencies and modulation  bandwidths. the risk of potentially choosing the wrong path further reinforces the need  for fexibility, especially in the form of signal creation and signal analysis tools that enable  rapid changes in direction as strong waveform candidates emerge in the evolution of 5g. as developers conduct experiments, a highly fexible testbed will enable them to evaluate  proposed waveforms with prototype algorithms and hardware. it will also make it  possible to quickly and easily transition between what-if scenarios in simulation and  actual testing of the prototype algorithms and hardware. more specifcally, fexibility is needed in three key areas of 5g research and early testing:   C   generating and analyzing new candidate waveforms   C   supporting a wide range of modulation bandwidths, from several megahertz to a few  gigahertz   C supporting a wide range of frequency bands, from rf to microwave to  millimeter-wave

 03 | keysight | 5g waveform generation & analysis testbed, reference solution - solution brochure 5g waveform generation and analysis testbed,  reference solution  to help address these test challenges, the 5g waveform generation and analysis  testbed, reference solution combines hardware, software and measurement expertise  providing the essential components of a fexible 5g waveform generation and analysis  test platform. the reference solution enables engineers and researchers to generate  and analyze emerging 5g candidate waveforms at rf, microwave, and millimeter-wave  frequencies with modulation bandwidths of up to 2 ghz. combining 5g candidate and custom waveform signal creation software with two pieces  of hardwarea precision awg and a vector signal generator with wideband i/q inputs enables generation of wideband test signals with up to 2 ghz of modulation bandwidth  at frequencies up to 44 ghz (and higher with upconverters). for signal demodulation and  analysis, 89600 vsa software can be used either inside the simulation software, or on a  signal analyzer, oscilloscope or pc controlling a variety of instruments or digitizers.  figure 1 below shows a conceptual arrangement of the software and hardware elements  and figure 2 shows a combination of keysight technologies, inc. hardware and software  for a fexible 5g generation and analysis testbed. figure 1. the 5g testbed provides combinations of hardware and software, giving the researcher fexibility  needed to explore possible 5g technologies. hardware signal generator signal analyzers device under test common demodulation/analysis 5g waveform design simulation signal generation signal analysis m8190a arb waveform generator e8267d psg signal generator n9030a pxa signal analyzer n9040b uxa signal analyzer dso-z634a 63 ghz oscilloscope signal studio 89600 vsa systemvue software

 04 | keysight | 5g waveform generation & analysis testbed, reference solution - solution brochure figure 2. this combination of hardware and software provides a considerable amount of fexibility for the  exploration of possible 5g technologies.  n9040b uxa signal analyzer n5183b mxg microwave analog signal generators for upconverter /  downconverter lo?s 44 ghz e8267d psg vector signal generator with wideband iq inputs keysight and vdi multimeter-wave upconverters / downconverters m8190a awg with systemvue  w1907bp 5g forward baseband  verification bundle and n7608b  signal studio for custom  modulation software installed on embedded controller 63 ghz dsos804a   infiniium oscilloscope with 89600 vsa software m1971e waveguide  smart mixer features benefts 5g candidate waveforms evaluate new and legacy designs for emerging  candidate waveforms- gain insight & reduce risk scalable modulation bandwidths and frequency  bands provides fexibility to adapt as 5g evolves-  reduce risk of choosing the wrong path supports many topologies for transmitter  / receiver testing (iq, if, rf, microwave,  millimeter-wave) evaluate performance at various stages along tx  and rx chains- gain insight to debug issues

 05 | keysight | 5g waveform generation & analysis testbed, reference solution - solution brochure reference solution confguration signal creation confguration the testbed signal generation hardware includes the m8190a axie awg  installed in an  axie chassis that also contains an embedded controller. two software elements run on  that controller: systemvue with the w1907bp 5g forward baseband verifcation bundle  and n7608b signal studio for custom modulation. the 2-channel precision awg can operate with 14-bit resolution at up to 8 gsa/s or  12-bit resolution up to 12 gsa/s. it offers 5 ghz of analog bandwidth and 2 gsa of  memory per channel.   as part of the reference solution, the awg is used to drive a psg vector signal gener - ator equipped with wideband differential external i/q inputs (option 016). the wideband  inputs can produce modulation bandwidths of up to 2 ghz on carrier signals up to  44 ghz. for signal generation above 44 ghz, upconverters are available from keysight  (58 to 64 ghz with n5152a) and virginia diodes, inc. (60 to 90 ghz). mxg microwave  analog signal generators provide the los for the millimeter-wave upconverters. the systemvue 5g forward baseband verifcation bundle enables 4g designers to move  forward to 5g research. it supports the simulation of candidate 5g waveforms as well  as custom ofdm and i/q waveforms that can be used to evaluate custom or proprietary  algorithms. although systemvue is primarily used for system design and algorithm  development, it can also download waveforms to the awg to bridge the gap between  design and test phases. signal studio for custom modulation is a fexible suite of signal creation tools with a  parameterized graphical user interface (gui) that makes it easy to create custom fbmc,  i/q and ofdm waveforms. custom ofdm and custom i/q vsa setup fles can be saved  for evm testing using a variety of keysight signal analyzers and oscilloscopes. signal  studio can also be used to generate waveforms for the awg and download waveforms  to rf or microwave vector signal generators, such as the e8267d psg, n5182b mxg and  n5172b exg. figure 3. m8190a axie awg, e8267d psg, systemvue 5g forward baseband verifcation bundle and signal studio  custom modulation software.

 06 | keysight | 5g waveform generation & analysis testbed, reference solution - solution brochure signal analysis confguration the test signals can be analyzed using a signal analyzer and oscilloscope with 89600  vsa software. for higher frequencies from 60 to 90 ghz, a waveguide wideband smart  mixer can be combined with the signal analyzer and oscilloscope. 89600 vsa software is a comprehensive set of tools for demodulation and vector signal  analysis. the custom i/q (option bhk) and custom ofdm (option bhf) demodulation  analysis options are part of the reference solution. as noted above, it can be used with  systemvue, keysight signal analyzers, oscilloscopes, and on a standalone pc connected  to a variety of keysight instruments to demodulate and characterize the performance of  potential 5g waveforms.  figure 4. wideband smart mixer, pxa signal analyzer, s-series oscilloscope and 89600 vsa software.

 07 | keysight | 5g waveform generation & analysis testbed, reference solution - solution brochure figure 5. example hardware confguration for millimeter-wave waveform generation and analysis at 73 ghz.  a simple block diagram of a 73 ghz confguration is shown in figure 5 that can be used  for 5g rf, microwave and millimeter-wave signal generation and analysis. the hardware  confguration can be altered, to address the actual frequencies, bandwidths and  waveforms of interest. figure 5 includes the awg and psg setup previously described  with the virginia diodes upconverter used to upconvert the signal to 73 ghz.  the mxg  provides the lo for the millimeter-wave upconverter and a vdi millimeter-wave amplifer  and flter are used at the vdi upconverter output. an m1971e wideband smart mixer is used for signal analysis from 60 to 90 ghz, when  combined with an x-series signal analyzer and s-series oscilloscope. the wideband  smart mixer is connected to the output of the vdi upconverter, and the if output is  fed into the x-series signal analyzer.  the auxiliary if output is fed into the s-series  oscilloscope for demodulation analysis with 89600 vsa software. millimeter-wave wideband hardware configuration wideband millimeter-wave signal generation wideband millimeter-wave signal analysis dsos804a s-series scope n9030a pxa m1971e wb smart mixer vdi e-band upconverter with amplifier + filter n5183b mxg generator m8190a awg e8267d with wideband iq inputs if in 73 ghz ch1 usb ext mixer 10 mhz lo in q i

 08 | keysight | 5g waveform generation & analysis testbed, reference solution - solution brochure figure 6. demodulation of a 73 ghz waveform with 2 ghz of modulation bandwidth figure 6 shows the demodulation analysis of a vector-corrected waveform at 73 ghz  with 2 ghz of modulation bandwidth, using 89600 vsa software.  demodulating a 2 ghz  wideband signal is typically quite diffcult without adaptive equalization due to hardware  impairments across the wide bandwidth. however, in this example the linear amplitude  and phase errors were corrected during simulation to generate a corrected waveform  that produced a low evm without adaptive equalization. this 73 ghz example confguration is one of many possible confgurations. other  confgurations can be created to address different frequencies and bandwidths as shown  in table 1. a keysight representative can recommend the best hardware confguration for  your specifc application requirements. carrier frequency modulation bandwidth source confguration analyzer confguration < 6 ghz < 160 mhz mxg  x-series analyzer (mxa, pxa, uxa) < 44 ghz < 1 ghz awg + psg pxa + s-series oscilloscope 60 to 90 ghz < 2 ghz awg + psg + vdi millimeter-wave  upconverter wideband smart mixer + pxa +  s-series oscilloscope table 1. general overview of source and analyzer confgurations for different carrier frequencies and modulation  bandwidths  

 09 | keysight | 5g waveform generation & analysis testbed, reference solution - solution brochure reference solution key performance characteristics m8190a axie 12 gs/s arbitrary waveform generator 14-bit resolution up to 8 gsa/s or  12-bit resolution up to 12 gsa/s analog bandwidth 5 ghz (direct dac out) up to 2 gsa arbitrary waveform memory per channel  e8267d psg vector signal generator 100 khz to 20, 31.8, or 44 ghz. extendable to 60-90 ghz (and other frequency bands)  with vdi millimeter-wave upconverter + 14 dbm at 20 ghz (typical) + 13 dbm at 40 ghz (typical) external i/q inputs provide up to 2 ghz modulation bandwidth when used with m8190a axie awg n5183b mxg microwave analog signal generator for uw lo 9 khz to 13, 20 31.8 or 40 ghz + 15 dbm output power at 20 ghz  -124 dbc/hz phase noise at 10 ghz and 10 khz offset n9029av12-udc millimeter-wave upconverter /downconverter 60 to 90 ghz frequency range m1971e waveguide wideband smart mixer  55, 60 to 90 ghz  27 db maximum conversion loss n9030a pxa signal analyzer  (a uxa may also be used depending on application requirements)  3 hz to 3.6, 8.4, 13.6, 26.5, 43, 44, or 50 ghz  10 mhz (standard), 25, 40, 85, or 160 mhz analysis bandwidth +22 dbm third order intercept (toi) dsos804a s-series oscilloscope 8 ghz bandwidth with fat frequency response for high signal fdelity 20 gsa/s maximum sample rate 10-bit analog-to-digital converter (adc) vertical resolution

 10 | keysight | 5g waveform generation & analysis testbed, reference solution - solution brochure hardware elements the combination of this test equipment provides waveform generation and analysis up  to millimeter-wave frequencies with up to 2 ghz of modulation bandwidth. a keysight  representative can help to recommend the best hardware confguration based on the  specifc application needs. m8190a axie 12 gs/s arbitrary waveform generator www.keysight.com/fnd/m8190a the m8190a awg is used to drive an e8267d psg vector signal generator equipped with  wideband external i/q inputs (option 016) to produce modulation bandwidths of up to  2 ghz on carrier signals up to 44 ghz. the m8190a is a 2-channel precision awg that  can operate with 14-bit resolution at up to 8 gsa/s or 12-bit resolution up to 12 gsa/s. it  has 5 ghz of analog bandwidth and 2 gsa of memory per channel.   e8267d psg vector signal generator www.keysight.com/fnd/e8267d the e8267d psg vector signal generator provides wide-band signal generation to 44 ghz  the psg includes wideband differential external i/q inputs for modulation bandwidths up  to 2 ghz.  for signal generation above 44 ghz, upconverters are available from keysight  (58 to 64 ghz with n5152a) and virginia diodes inc. (60 to 90 ghz). mxg microwave  analog signal generators (n5183b) are used to provide the los for the millimeter-wave  upconverters. n5183b mxg microwave analog signal generator www.keysight.com/fnd/n5183b n5183b mxg microwave analog signal generators are used to provide los for the  millimeter-wave upconverters and downconverters. n9029av12-udc millimeter-wave upconverter / downconverter* www.keysight.com/fnd/sa_mmwave the n9029av12 millimeter-wave signal analyzer frequency extension module is one of  the mixer/amplifer/multiplier chain series (wrxx sax series) from vdi inc.  option udc  enables it to be used as a millimeter-wave upconverter to upconvert the e8267d psg  vector signal generator output up to 60 to 90 ghz.  it can also be re-confgured as a  downconverter, designed to work directly with the x-series signal analyzers.  *note: other frequency bands may be available, depending on the application. vdi vdi12.0amp amplifer and  wr12bpf71-76 flter are not shown. please contact vdi for further information (www.vadiodes.com).

 11 | keysight | 5g waveform generation & analysis testbed, reference solution - solution brochure hardware elements (continued) m1971e waveguide harmonic smart mixer www.keysight.com/fnd/smartmixer the m1971e wideband smart mixer is combined with an x-series signal analyzer, such  as an n9030a pxa signal analyzer, and dsos804a s-series oscilloscope for wideband  signal analysis from 60 to 90 ghz.  the m1971e 55, 60 to 90 ghz waveguide harmonic  mixer is an un-preselected mixer for wideband millimeter-wave signal analysis of more  than 2 ghz with x-series signal analyzers.   n9030a pxa signal analyzer www.keysight.com/fnd/n9030a a keysight n9030a pxa signal analyzer is used for spectrum and demodulation analysis.  the pxa signal analyzer, a high-performance member of the x-series, provides frequency  coverage up to 50 ghz, and ensures present and future fexibility through optional  measurement capabilities and hardware expandability.  a uxa may also be used, depend - ing on application requirements. dsos804a oscilloscope www.keysight.com/fnd/oscilloscopes  an infniium s-series high-defnition oscilloscope is used to perform wideband demod - ulation analysis when paired with the n9030a pxa signal analyzer used as a wideband  downconverter and the m1971e wavegude harmonic smart mixer.  a 10-bit adc, low- noise front end, correction flters, vertical scaling support down to 2 mv/division, and a  precise time base produce high-fdelity measurements. in addition, its advanced frame  and broad range of capability enable the s-series oscilloscopes to tackle a wide range of  test needs.

 12 | keysight | 5g waveform generation & analysis testbed, reference solution - solution brochure software elements the combination of this signal generation and analysis software provides waveform  generation and analysis of candidate 5g waveforms with the hardware confguration  listed above. n7608b signal studio for custom modulation www.keysight.com/fnd/n7608b n7608b signal studio for custom modulation is a fexible suite of signal-creation tools  that will reduce the time you spend on signal simulation. custom fbmc, ofdm, and iq  signals can quickly and easily be generated for component, transmitter, and receiver test  of emerging 5g applications. 89601b 89600 vsa software www.keysight.com/fnd/89600 the 89600 vsa software is a comprehensive set of tools for demodulation and vector  signal analysis. these tools enable you to explore virtually every facet of a signal and  optimize your most advanced designs. as you assess the tradeoffs, the 89600 vsa helps  you see through the complexity. w1461bp systemvue with  w1907bp 5g forward baseband verifcation bundle www.keysight.com/fnd/systemvue  the systemvue w1907bp 5g forward baseband verifcation bundle enables 4g designers  to start anticipating 5g challenges today, and continue forward into the fnal 5g standard,  using a single confguration. it combines existing 4g references for lte-advanced  (w1918) and 3d winner+ mimo channel modeling (w1715), backward support for  older 2g/3g standards (w1916), and then adds forward-looking references for 5g phy  candidates, beginning with a full transmit/receive reference for filter bank multi-carrier  (fbmc). the 5g simulation models within the w1907bp library bundle offer compiled  versions of the w1906bel 5g source code models.

 13 | keysight | 5g waveform generation & analysis testbed, reference solution - solution brochure recommended reference solution base confguration this reference solution is fexible and scalable. buy what you need today and add more  capabilities as the 5g measurement requirements evolve.  the following is a summary of the 5g waveform generation and analysis base confg - uration. this confguration is designed for rf modulation bandwidths less than 1 ghz  and frequency bands between 100 khz and 44 ghz.  this is a minimum confguration  and additional test equipment and/or options may be needed based on the specifc  application requirements.  note that other confgurations may be available depending on specifc application  requirements. since 5g is not yet well-defned, the best hardware confguration for a  specifc application depends on the actual frequencies, bandwidths and waveforms of  interest. a keysight representative can recommend the best hardware confguration  based on the specifc application requirements. model description m8190a axie awg m8190a-002 m8190a-02g (qty2) m8190a-14b m8190a-12g m8190a-bu1 m8190a-duc m8190a- amp m8190a-811(x4) awg C 2-channels 06dwr6dphpru& 14-bit resolution 12-bit resolution bundle 1 (5-slot chassis and controller) wdoxsfrqhuvrq &dqg&dpsoohu cable assembly e8267d psg vector signal generator e8267d-544 e8267d-016 e8267d-h18 e8267d-un e8267d-602 frequency range, 250 khz to 44 ghz ,4giihuhqwdoqsxwv wideband modulation < 3.2 ghz (qdqfhgxowudorsdvhqrvh internal baseband generator n9030a* pxa x-series signal analyzer n9030a-544 n9030a-b1x n9030a- lnp n9030a-p44 n9030a- exm n9030a-cr3 n9030a-mpb frequency range, 3 hz to 44 ghz analysis bandwidth, 160 mhz /rqrvhsdw 3uhdpsoohu+ (whuqdopq &5frqqhfwruuhdughedqg,)rxwsxw 0furdhsuhvhohfwruesdvv dsos804a* s-series high-defnition oscilloscope, 8 ghz dsos000-400 0hpru0swvf *note: a high performance oscilloscope such as a dsaz504a or dsaz634a may also  be used for high frequency wide bandwidth measurements (e.g. 2 ghz modulation  bandwidth). please consult with a keysight representative for more information.

 14 | keysight | 5g waveform generation & analysis testbed, reference solution - solution brochure recommended reference solution base confguration  (continued) software n7608b signal studio for custom modulation n7608b-afp n7608b-efp n7608b-ffp n7608b-gfp connect to m8190a awg custom iq custom ofdm custom 5g 89601b 89600 vsa software 89601b-200 89601b-bhf 89601b-aya 89601b-bhk basic vector signal analysis and hardware connectivitycustom ofdm  modulation analysis digital modulation analysis custom iq modulation analysis (requires aya) w1461bp systemvue comms architect (recommended, optional) w1907bp systemvue 5g forward baseband verifcation bundle (recommended, optional)

 15 | keysight | 5g waveform generation & analysis testbed, reference solution - solution brochure extended confguration for 60 to 90 ghz and up to  2 ghz of bandwidth the following is a summary of the additional equipment needed to extend the base  confguration for rf modulation bandwidths up to 2 ghz between 60 to 90 ghz. the  test equipment confguration may vary depending on the frequency mixing scheme (e.g.  lo frequencies required). this is a minimum confguration and additional test equipment  and/or options may be needed, based on the specifc application requirements.  model description n5183b mxg x-series signal generator (used for  upconverter lo) n5183b-520 n5183b-uny frequency range, 9 khz to 20 ghz enhanced low phase noise n9029av12-udc* millimeter-wave upconverter / downconverter m1971e waveguide smart mixer  m1971e-001 60 to 90 ghz 1rwh19&fdqdovrehfrqoxuhgdvdgrqfrqhuwhu,iwh19 &vxvhgqvwhdgriwh0(dhxghvpduwphuwhqdqdggwrqdo1 0vuhfrpphqghgiruwhgrqfrqhuwhu/2ggwrqdodugduhpddovreh uhxuhgiwh19&vxvhgdvdqxsfrqhuwhuvxfdvwh9uqdrghv ,qf9,03dpsoohudqg53)oowhuiru+dssofdwrqv7v dggwrqdodugduhghshqgvrqdssofdwrquhxuhphqwvdqgduhqrwovwhghuh3ohdvh frqwdfw9,iruixuwhuqirupdwrq hardware support and warranty keysight provides its standard warranty on all hardware products.  the warranty service  provides standard coverage for the country where product is used, including:   C all parts and labor necessary to return to full specifed performance   C recalibration for products supplied originally with a calibration certifcate   C return shipment standard hardware warranty includes 3 year warranty on each product with a typical  turn-around time of 15 days. keysight has optional upgraded warranty services on each product including:    C extended warranty from 3 years to 5 years   C express warranty for faster turnaround time. available upgrade for 3 and 5 year  warranties.

 mykeysight www.keysight.com/find/mykeysight a personalized view into the information most relevant to you. keysight infoline www.keysight.com/find/service keysights insight to best in class information management. free access to  your keysight equipment company reports and e-library. www.axiestandard.org advancedtca ?  extensions for instrumentation and test (axie) is an  open standard that extends the advancedtca for general purpose and  semiconductor test. keysight is a founding member of the axie consortium.  atca ? , advancedtca ? , and the atca logo are registered us trademarks of  the pci industrial computer manufacturers group.  keysight solution partners www.keysight.com/find/solutionpartners get the best of both worlds: keysights measurement expertise and product  breadth, combined with channel partner convenience. www.keysight.com/find/solution-5gtestbed from hewlett-packard through agilent to keysight for more than 75 years, weve been helping you unlock measurement insights.  our unique combination of hardware, software and people can help you reach  your next breakthrough.  unlocking measurement insights since 1939. 1939  the future for more information on keysight  technologies products, applications or  services, please contact your local keysight  office. the complete list is available at: www.keysight.com/find/contactus americas  canada (877) 894 4414 brazil 55 11 3351 7010 mexico 001 800 254 2440 united states (800) 829 4444 asia pacifc australia 1 800 629 485 china 800 810 0189 hong kong 800 938 693 india 1 800 11 2626 japan 0120 (421) 345 korea 080 769 0800 malaysia 1 800 888 848 singapore 1 800 375 8100 taiwan 0800 047 866 other ap countries (65) 6375 8100 europe & middle east austria 0800 001122 belgium 0800 58580 finland 0800 523252 france 0805 980333 germany 0800 6270999 ireland 1800 832700 israel 1 809 343051 italy 800 599100 luxembourg +32 800 58580 netherlands 0800 0233200 russia 8800 5009286 spain 800 000154 sweden 0200 882255 switzerland 0800 805353 opt. 1 (de) opt. 2 (fr) opt. 3 (it) united kingdom 0800 0260637 for other unlisted countries: www.keysight.com/find/contactus (bp-07-24-15) 16 | keysight | 5g waveform generation & analysis testbed, reference solution - solution brochure this information is subject to change without notice. ? keysight technologies, 2015 published in usa, august 27, 2015 5992-1030en www.keysight.com  
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