
        
        
        
    

 

    

    


    

    
    



        
        
        
    

 

    

    

    

    
    
    
    






    
    







    
        
        
            



            
  

    







  
  

  








    


	Choose a country or area to see content specific to your location

	
		

		

	

   	
	




  
    Enable browser cookies for improved site capabilities and performance.

  

  
    
      Enable Javascript and browser cookies for improved site capabilities and performance.

    

  

  
    

  

  
    
      
        
        
          [image: Keysight Technologies]
        
      
      
    

    
  

  
    
      Toggle Menu
    

  

  
    
      
        
          
            
              Chat Live

            

          

          
            
              
                Contact Us
              
              
            

          
        
 
        
          
            
              [image: Login]
              [image: Welcome]
              [image: Login]
            
            
              

                Welcome

                	
	
                    My Profile
                  
	
                    Logout
                  


              

            

            
              
                	Login
	Register


              

            

          

          
            
              [image: Quote]
              
            
              
              

            

            
              

            

          


          
            
              [image: BelgiÃ«]
            
            
              
                
                  Confirm Your Country or Area
                

                
                  
                    BelgiÃ«
                  
                  
                

                	
                    ä¸å›½
	æ—¥æœ¬
	
                    ç¹�é«”ä¸æ–‡
	í•œêµ
	
                    Brasil
	Canada
	Deutschland
	France
	India
	Malaysia
	United Kingdom
	United States
	Australia
	Austria
	Belgium
	Denmark
	Finland
	Hong Kong, China
	Ireland
	Israel
	Italy
	Mexico
	Netherlands
                  
	Singapore
	Spain
	Sweden
	Switzerland (German)
	Thailand
	Vietnam
	more...


              

            

            
              
                
                  Please Confirm
                

                Confirm your country to access relevant pricing, special offers, events, and contact information.

                
                Select locale
                

                  Confirm
                

              

            

          

          
          
            
              [image: Search]
            
          

        
 
      
 
    

    
      
        	
            
            PRODUCTS AND SERVICES
			      
            
            
              
                
                  	
                      
                        
                        
                          [image: Oscilloscopes]

                          Oscilloscopes
                        
                      
                      
                      
                        	
                              
                              Real-Time Oscilloscopes â€” General Purpose
                            
	
                              
                              Real-Time Oscilloscopes â€” Compliance
                            
	
                              
                              Equivalent-Time Sampling Oscilloscopes
                            
	
                              
                              Handheld, Modular, and USB Oscilloscopes
                            
	
                              
                              Oscilloscope Software
                            
	
                              
                              Oscilloscope Probes
                            
	
                            
                              
                              All Oscilloscopes  
                            
                            
                          


                      

                    
	
                      
                      
                        
                          [image: Analyzers]

                          Analyzers
                        
                      
                      
                        	
                              
                              Spectrum Analyzers (Signal Analyzers)
                            
	
                              
                              Network Analyzers
                            
	
                              
                              Logic Analyzers
                            
	
                              
                              Protocol Analyzers and Exercisers
                            
	
                              
                              Bit Error Ratio Testers
                            
	
                              
                              Noise Figure Analyzers and Noise Sources
                            
	
                              
                              High-Speed Digitizers and Multichannel DAQ Solutions
                            
	
                              
                              AC Power Analyzers
                            
	
                              
                              DC Power Analyzers
                            
	
                              
                              Materials Test Equipment
                            
	
                              
                              Device Current Waveform Analyzers
                            
	
                              
                              Parameter / Device Analyzers and Curve Tracers
                            


                      

                    
	
                      
                      
                        
                          [image: Meters]

                          Meters
                        
                      
                      
                        	
                              
                              Digital Multimeters
                            
	
                              
                              Phase Noise Measurement
                            
	
                              
                              Power Meters and Power Sensors
                            
	
                              
                              Counters
                            
	
                              
                              LCR Meters and Impedance Measurement Products
                            
	
                              
                              Picoammeters and Electrometers
                            


                      

                    
	
                      
                      
                        
                          [image: Generators, Sources, and Power Supplies]

                          Generators, Sources, and Power Supplies
                        
                      
                      
                        	
                              
                              Signal Generators (Signal Sources)
                            
	
                              
                              Waveform and Function Generators
                            
	
                              
                              Arbitrary Waveform Generators
                            
	
                              
                              Pulse Generator Products
                            
	
                              
                              HEV / EV / Grid Emulators and Test Systems
                            
	
                              
                              DC Power Supplies
                            
	
                              
                              Source / Measure Units
                            
	
                              
                              DC Electronic Loads
                            
	
                              
                              AC Power Sources
                            


                      

                    
	
                      
                        
                        
                          [image: Software]

                          Software
                        
                      
                      
                      
                        	
                              
                              EDA Software
                            
	
                              
                              Instrument Measurement Software
                            
	
                              
                              Instrument Workflow Software
                            
	
                              
                              Software Testing
                            
	
                            
                              
                              All Design and Test Software  
                            
                            
                          


                      

                    
	
                      
                      
                        
                          [image: Wireless]

                          Wireless
                        
                      
                      
                        	
                              
                              Channel Emulation
                            
	
                              
                              IoT Regulatory Compliance
                            
	
                              
                              Wireless Drive Test
                            
	
                              
                              Radio Access and Core Network Test
                            
	
                              
                              Wireless Analyzers
                            
	
                              
                              Wireless Network Emulators
                            
	
                              
                              5G NR Base Station Test
                            
	
                              
                              Over-The-Air Test
                            


                      

                    
	
                      
                        
                        
                          [image: Modular Instruments]

                          Modular Instruments
                        
                      
                      
                      
                        	
                              
                              PXI Products
                            
	
                              
                              AXIe Products
                            
	
                              
                              Data Acquisition Systems
                            
	
                              
                              USB Products
                            
	
                              
                              VXI Products
                            
	
                              
                              Reference Solutions
                            
	
                            
                              
                              All Modular Instruments  
                            
                            
                          


                      

                    
	
                      
                        
                        
                          [image: Network Test and Security]

                          Network Test and Security
                        
                      
                      
                      
                        	
                              
                              Application and Threat Intelligence
                            
	
                              
                              Cloud Test
                            
	
                              
                              Cyber Training Simulator
                            
	
                              
                              Network Test Hardware
                            
	
                              
                              Synthetic Traffic Generators
                            
	
                              
                              Protocol and Load Test
                            
	
                              
                              Network Security Test
                            
	
                              
                              Network Modeling
                            
	
                            
                              
                              All Network Test and Security  
                            
                            
                          


                      

                    
	
                      
                        
                        
                          [image: Network Visibility]

                          Network Visibility
                        
                      
                      
                      
                        	
                              
                              Bypass Switches
                            
	
                              
                              Clock Synchronization
                            
	
                              
                              Cloud Visibility
                            
	
                              
                              Network and Application Monitoring
                            
	
                              
                              Network Packet Brokers
                            
	
                              
                              Network Taps
                            
	
                            
                              
                              All Network Visibility  
                            
                            
                          


                      

                    
	
                      
                        
                        
                          [image: Services]

                          Services
                        
                      
                      
                      
                        	
                              
                              KeysightCare
                            
	
                              
                              Calibration Services
                            
	
                              
                              Repair Services
                            
	
                              
                              Technology Refresh Services
                            
	
                              
                              Test as a Service â€” TaaS
                            
	
                              
                              Network / Security Services
                            
	
                              
                              Consulting Services
                            
	
                              
                              Financial Services
                            
	
                              
                              Education Services
                            
	
                              
                              Keysight Support Portal
                            
	
                              
                              Used Equipment
                            
	
                            
                              
                              All Services  
                            
                            
                          


                      

                    
	
                      
                      
                        
                          [image: Additional Products]

                          Additional Products
                        
                      
                      
                        	
                              
                              In-Circuit Test Systems
                            
	
                              
                              Application-Specific Test Systems and Components
                            
	
                              
                              Parametric Test Solutions
                            
	
                              
                              Photonic Test and Measurement Products
                            
	
                              
                              Laser Interferometers and Calibration Systems
                            
	
                              
                              Monolithic Laser Combiners and Precision Optics
                            
	
                              
                              MMIC Millimeter-Wave and Microwave Devices
                            


                      

                    
	
                      
                      
                        All Products, Software, Services
                         
                      
                    


                

              

            
          
	
            
            Learn
			      
            
            
              
                
                  	
                      
                      
                        [image: Resources]

                        Resources
                      
                    
	
                      
                      
                        [image: Use Cases]

                        Use Cases
                      
                    
	
                      
                      
                        [image: Industries]

                        Industries
                      
                    
	
                      
                      
                        [image: Events]

                        Events
                      
                    
	
                      
                      
                        
                          [image: Blogs]

                          Blogs
                        
                      
                      
                        	
                              Product Area
                              
                            
	
                              
                              Industry
                            
	
                              
                              Inside Keysight
                            


                      

                    
	
                      
                      
                        [image: About Keysight]

                        About Keysight
                      
                    


                

              

            
          
	
            
            Buy
			      
            
              
            
            
          
	
            
            Support
			      
            
              
                
                  
                  	
                          
                          
                            [image: Product Support]

                             Product Support
                          
                        
	
                          
                          
                            [image: Software Download Center]

                             Software Download Center
                          
                        


                

              

            
            
          


      

    

  
 
  
  
    
  
  
  

  
  	Welcome
	
	|
	
    	
            Exit Procurement Session
        
        
        	
            		View and Transfer Cart
	Discard Cart and End Procurement Session


				
            

        

	

  


  
    













    
    






    






    
        
            
                [image: Column Control DTX]
            

            
                
                    
                        



    
    





    
        
            
                
    


   
                    
                        
                        
                            
                                [image: 5G New Radio Modulation Analysis PathWave Vector Signal Analysis (89600 VSA)]
                                

                                
                                
                                
                                
                                    
                                    
                                    [image: 5G New Radio Modulation Analysis PathWave Vector Signal Analysis (89600 VSA)]
                                
                                
                            

                    

                
                    

    






    
        
            
                
                
                    View
                
            

            
        



    





 
                    

    




    
        
            
                
                
                    Download
                
            

            
        



    





                

            

            
                5G New Radio Modulation Analysis PathWave Vector Signal Analysis (89600 VSA)

                Technical Overviews

                
                    	See through the complexity of 3GPP Rel-15, Rel-16, and Rel-17 signals with a comprehensive and forward compatible set of tools for demodulation and vector signal analysis
	Examine performance of users, or signals, with up to 8x8 spatial multiplexing MIMO or up to 64 channels massive MIMO (mMIMO) and beamforming
	Integral part of Keysight's Open RAN solution to perform O-RU uplink and downlink conformance measurements compliant with O-RAN WG4 Fronthaul standard
	Analyze downlink and uplink signals and derive signal quality: Overall EVM, EVM across symbols and subcarriers, constellations, IQ error plots and more
	Use the color coding and marker coupling features to identify and isolate specific signal and channel effects and impairments
	Analyze LTE and 5G NR simultaneously for NR and LTE coexistence through dynamic spectrum sharing (DSS)


5G NR Modulation Analysis

The 89600 VSA softwareâ€™s 5G NR application (89601BHNC) provides comprehensive analysis capabilities in the frequency, time, and modulation domains for signals based on 3GPPâ€™s 5G NR specification (www.3gpp.org). The software provides frequency-, time-, and modulation-domain analysis results in a single measurement. By configuring result traces of spectrum, acquisition time, and NR specific modulation quality traces and tables, engineers can identify overall signal characteristics and troubleshoot intermittent error peaks or repeated synchronization failures. For automated testing, .NET API and SCPI remote interfaces are available to accelerate design, which enables quicker transition to the design verification and manufacturing phases. 5G NR is among over 75 signal standards and modulation types supported by the 89600 VSA software. The 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 even the most advanced designs. As you assess your design tradeoffs, the 89600 VSA helps you cut through the complexity.

Analysis and Troubleshooting

Perform 5G NR transmitter measurements 89601BHNC supports 5G NR modulation analysis measurements according to Release 15, Release 16, and Release 17 of 3GPPâ€™s TS38 specification. Supported features include:

1. Waveform, numerology and frame structure

	CP-OFDM waveform for DL and UL
	Transform precoding (DFT-S-OFDM) waveform for UL
	All numerologies (Âµ = 0-6 representing 15, 30, 60, 120, 240, 480, 960 kHz subcarrier spacing)
	Mixed numerologies within a single or multiple bandwidth parts (BWPs)
	Flexible slot structure for FDD and TDD: All UL, all DL, mixed UL and DL
	All signal bandwidths for frequency range 1 (FR1) and frequency range 2 (FR2-1, FR2-2)	FR1 (sub-7.125 GHz): 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100 MHz
	FR2-1 (24.25 - 52.6 GHz): 50, 100, 200, 400 MHz
	FR2-2 (52.6 - 71 GHz): 400, 800, 1600, 2000 MHz





2. UL and DL channels and signals with corresponding modulation formats and individual power boosting

	Initial access channels and signals: PSS, SSS, PBCH
	DL reference signals: DMRS (for PDSCH, PDCCH, PBCH), PTRS (for PDSCH), CSI-RS, RIM-RS
	DL control and shared channels: PDSCH, PDCCH
	UL reference signals: DMRS (for PUCCH and PUSCH), PTRS (for PUSCH), SRS
	UL control and shared channels: PUSCH, PUCCH, PRACH


3. LDPC decoding for PDSCH and PUSCH Polar decoding for PBCH, PDCCH and PUCCH

4. Beamforming and up to 8x8 MIMO for DL and 4x4 MIMO for UL

5. Up to 64 channels Massive MIMO and beamforming

6. Test models for FDD and TDD per 3GPP TS 38.141-1 and TS 38.141-2 specifications

7. Dynamic Spectrum Sharing (DSS) with simultaneous demodulation of LTE and 5G NR signals

8. 3GPP Release 16: NR unlicensed spectrum (NR-U), enhanced MIMO (eMIMO), enhanced DSS (eDSS), SRS for positioning

9. 3GPP Release 17: 1024QAM modulation for PDSCH, new numerology (480 and 960 kHz sub carrier spacing) resulting up to 2 GHz signal bandwidth, , extended frequency lock range for nonterrestrial networks (NTN), reduced capability (RedCap) NR devices

Easy setup with complete parameter control

For successful demodulation and troubleshooting, configure your VSA using the easy to follow graphical user interface (GUI). The Block Diagram window provides a left-to-right flowing visual representation of the VSA measurement setup. Each block corresponds to a set of related parameters in the Menu Bar. You can click any block to open a dialog that contains the full set of related parameters (also accessible from the Menu Bar). In addition, you can use one of the quick setups to load one of the commonly used configurations and modify it for your specific measurement. Dynamic Help allows you to access the help text, and learn about the 5G NR format and the features available for option BHN. Detaching the Dynamic Help window and moving it to the side of the screen, as shown in Figure 2, enables easier viewing as it follows your menu choices. You can even lock it to stay fixed on important Help data topics.

Understand the structure and quality of 5G NR signal

Use the powerful demodulation, decoding and analysis tools to understand the structure and quality of the transmitted NR signal. A user has complete flexibility to choose the trace format and the number of simultaneous traces. Figure 5 shows an example of a downlink NR signal. The different traces show an orthogonal view of the signal, and many more views are possible depending on the purpose of the analysis.

Description of some of the digital demodulation traces

	Trace A (top, left), shows a composite IQ constellation of the demodulated signal containing 256QAM allocated to PDSCH down to BPSK allocated to PSS, and SSS.
	Trace B (top, center), shows frame summary table, which is the key to the color coding and the modulation format used by each channel/signal within the radio frame. For each entry, there is an assigned color, and measurement results are displayed: EVM, power, modulation format, number of resource blocks occupied, RNTI and the ID number of the BWP that is associated with the channel.
	Trace C (top, right), shows a color-coded view of the transmitted signal structure. This two-dimensional grid with frequency (subcarriers) on the vertical axis and time (symbols) on the horizontal axis shows the transmitted signal, in this example SS/PBCH blocks followed by PDCCH and multiple PDSCHs.
	Trace D ( middle, left), shows a slot summary table, organized into BWP/subframe/slot groupings.	For each entry, RNTI, EVM, Power, modulation format, number of resource blocks occupied, and CRC for each channel within each slot are displayed.



	Trace E (middle, center), shows the error summary table providing quality statistics for the composite signal including EVM, frequency and phase error, symbol clock error, IQ offset, IQ gain imbalance, IQ quadrature error, and time offset.
	Trace F and G (middle, right), shows a 3D power plot and a 3D EVM plot respectively.
	Trace H (bottom, left), show the RF spectrum of the transmitted signal at 39 GHz center frequency.
	Traces I (bottom, center) and J (bottom, right), shows EVM as a function of OFDM symbols and subcarriers respectively.


Note: A user has full control of each channelâ€™s color and display in traces, and whether they are included in EVM calculations.
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