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Copyright 
© 2017 Spirent Communications, Inc. All Rights Reserved.  

All of the company names and/or brand names and/or product names referred to in this document, in 
particular, the name “Spirent” and its logo device, are either registered trademarks or trademarks of 
Spirent plc and its subsidiaries, pending registration in accordance with relevant national laws. All other 
registered trademarks or trademarks are the property of their respective owners. The information 
contained in this document is subject to change without notice and does not represent a commitment on 
the part of Spirent Communications. The information in this document is believed to be accurate and 
reliable; however, Spirent Communications assumes no responsibility or liability for any errors or 
inaccuracies that may appear in the document. 

Limited Warranty 
Spirent Communications, Inc. (“Spirent”) warrants that its Products will conform to the description on the 
face of order, that it will convey good title thereto, and that the Product will be delivered free from any 
lawful security interest or other lien or encumbrance. 

Spirent further warrants to Customer that hardware which it supplies and the tangible media on which it 
supplies software will be free from significant defects in materials and workmanship for a period of twelve 
(12) months, except as otherwise noted, from the date of delivery (the “Hardware Warranty Period”), 
under normal use and conditions. To the extent the Product is or contains software (“Software”), Spirent 
also warrants that, if properly used by Customer in accordance with the Software License Agreement, the 
Software which it supplies will operate in material conformity with the specifications supplied by Spirent 
for such Software for a period of ninety (90) days from the date of delivery (the “Software Warranty 
Period”). The “Product Warranty Period” shall mean the Hardware Warranty Period or the Software 
Warranty Period, as applicable. Spirent does not warrant that the functions contained in the Software will 
meet a specific requirement or that the operation will be uninterrupted or error free. Spirent shall have no 
warranty obligations whatsoever with respect to any Software which has been modified in any manner by 
Customer or any third party.  Defective Products and Software under warranty shall be, at Spirent's 
discretion, repaired or replaced or a credit issued to Customer's account for an amount equal to the price 
paid for such Product provided that: (a) such Product is returned to Spirent after first obtaining a return 
authorization number and shipping instructions, freight prepaid, to Spirent's location in the United States; 
(b) Customer provides a written explanation of the defect or Software failure claimed by Customer; and 
(c) the claimed defect actually exists and was not caused by neglect, accident, misuse, improper 
installation, improper repair, fire, flood, lightning, power surges, earthquake, or alteration. Spirent will ship 
repaired Products to Customer, freight prepaid, based on reasonable best efforts after the receipt of 
defective Products. Except as otherwise stated, any claim on account of defective materials or for any 
other cause whatsoever will conclusively be deemed waived by Customer unless written notice thereof is 
given to Spirent within the Warranty Period. Spirent reserves the right to change the warranty and service 
policy set forth above at any time, after reasonable notice and without liability to Customer. 
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Overview 
This document describes how to use a Keysight (Agilent) E5071B/C network 
analyzer to adjust the phase calibration of the center frequency for the following 
Spirent™ Vertex ports and external components: 

• phase/delay measurement on external RF cables 

• phase/delay measurement on internal RF paths 

The enhanced phase calibration procedure consists of the following steps: 

1. Set up the test equipment. 

2. Configure the settings for the E5071B/C network analyzer. 

3. Configure the settings for Vertex. 

4. Measure the input phase/delay of the internal/external components. 

5. Measure the output phase/delay of the internal/external components. 

6. Verify the phase calibration. 

Equipment Required 
The following equipment is required: 

• a Vertex instrument with the Automatic Phase Calibration feature 

• an E5071B/C network analyzer 

• a BNC cable 

• N-type RF cables (The number of cables depend on the connection setup.) 
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Step 1: Set up the Test Equipment 
To configure the test setup, perform the following steps: 

1. Connect one end of the BNC cable to the 10 MHz OUT connecter on the rear 
panel of the Vertex unit. 

2. Connect the other end of the BNC cable to the REF IN port on the rear panel of 
the E5071B/C network analyzer. 

Figure 1 shows the test equipment setup. 

 
Figure 1. Test Equipment Setup. 

Step 2: Configure E5071B/C Settings 
On the E5071B/C network analyzer, perform the following steps: 

1. Set System to Preset. 
2. Set Center frequency to the frequency for phase calibration. 

3. Set SPAN to 5MHz. 

4. Set MEAS (measurement function) to S21. 

5. Set Format to Expanded phase. 

6. Set IF Bandwidth to 1kHz. 

7. Set Avg to 100. 

8. Set Smoothing to On. 

9. Set Smoothing Aperture to 25%. 
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Step 3: Configure Vertex Settings 
On Vertex, perform the following steps: 

1. Launch the Vertex software, and connect to the Vertex unit. 

2. In the Vertex graphical user interface (GUI), select Configure>Fading Mode. 

3. In the Fading Mode dialog box, make sure Channel Modeling Mode is set to the 
appropriate fading mode for the test scenarios, and click the OK button.  

4. Click the Select button in the Connection Setup area to select the topology. 

5. From the Connection Setup Selection dialog box, open the MOTA folder, and 
select 2x32 UniDirectional – MOTA, as shown in the following figure. 

 
Figure 2. Select 2x32 UniDirectional – MOTA. 

The following figure shows the 2x32 UniDirectional – MOTA connection setup, 
which will be used as an example in this document. 
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Figure 3. 2x32 UniDirectional -- MOTA Topology. 

6. Click the OK button. 

7. Click the Physical Configuration button in the Views panel. 

8. Follow the on-screen mapping to complete the physical cable connections. 

9. In the RF Setup and Measurement area, set the Carrier frequency, Expected 
input power level, and desired output power level in the Cell RF setup window, as 
shown in the following figure. 

 
Figure 4. Power Setting in RF Setup and Measurement area. 
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10. Click the Main button in the Views panel. 

11. In the Connection Setup area, click the Advanced Settings button to access the 
radio link configuration. 

12. In the Connection Setup Advanced Options dialog box, uncheck all of the radio 
link check boxes. 

13. Enable (check) the A1 -> B1 check box only for the input cable to S9:P1 
measurement, as shown in the following figure. 

 
Figure 5. Enable Radio link in Connection Setup Advanced Options dialog box. 

14. Click the Close button. 
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15. Perform the following steps to load the automatic phase calibration data: 

a. Select Configure>Port Phase Settings. 

b. In the Port Phase Parameters dialog box, click the View Phase Cal Values 
button. 

 
Figure 6. View Phase Cal Values button. 

The Phase Calibration Values dialog box appears. 
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c. In the Phase Calibration Values dialog box, click the Recalculate button, as 
shown in the following figure. 

 
Figure 7. View Phase Cal Values button. 

d. Click the Apply button. 

e. Click the Close button. 

f. Click the Close button. 

16. Click the Play button on the main page of the Vertex GUI to start emulation on 
Vertex, as shown in the following figure. 

 
Figure 8. Play button in the Vertex GUI. 
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Step 4: Measure the Input Phase/Delay of the 
Internal/External Components 

Perform the following steps: 

1. Connect one end of the input cable to port 1 on the front panel of the E5071B/C 
network analyzer. 

2. Connect the other end of the input cable to port A1 on the front panel of Vertex 
instrument. 

 
Figure 9. Front Panel Connections on Vertex and the E5071B/C. 

3. On the E5071B/C network analyzer, set the following markers for the delay 
measurement. 

a. Marker 1: Maximum with tracking on 

b. Marker 2: Minimum with tracking on 

c. Marker 3: Center Frequency 

The following figure shows how the E5071B/C network analyzer measurement 
screen will look. 
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Figure 10. Marker Settings in E5071B/C screen. 

4. Use the Scale button to add delay values to remove inherent delay of Vertex and 
make the marker result negative. For this example, you would set the following 
marker delays: 

a. Marker 1 delay: 2.4182 us 

b. Marker 2 delay: 2.4171 us 

c. Marker 3 delay: 2.4179 us 
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5. Use the Electrical Delay field in the Scale menu to add electrical delay. For this 
example, the maximum delay is 2.4182 us, which is approximately 2.42 us. In 
this case, you would add 2.42 us to the Electrical Delay field, as shown in the 
following figure. 

 
Figure 11. Add Electrical Delay. 

6. Verify the measured value for Marker 3 on the screen of the E5071B/C network 
analyzer. This value should be in negative ns.  
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7. In the Vertex GUI, select Configure>Port Phase Settings to access the Port 
Phase Parameters dialog box, and set the input port delay for port A1 to  
(-Marker3). In this example, (-Marker3) = -(-2.0586) = 2.0586 us, and you would 
enter 2 for input port delay for port A1, as shown in the following figure. 

 
Figure 12. Set Port A1 Input Port Delay. 
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8. Go to the E5071B/C network analyzer, and make sure the delay value at marker 
3 is now in the ps range, as shown in the following figure. 

 
Figure 13. Check Result for Marker 3. 

9. On the E5071B/C network analyzer, set Measure Format to Expanded Phase. 
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10. On the E5071B/C analyzer, measure the phase value. The following figure 
shows the measurement for the example. 

 
Figure 14. Phase Measurement. 
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11. In the Vertex GUI, select Configure>Port Phase to access the Port Phase 
Parameters dialog box, and set the input port phase for port A1 to the negative 
value for Marker 3. In the example, the value at Marker 3 is 158.9. You would set 
the phase value port A to -158.9, as shown in the following figure. 

 
Figure 15. Set Port A1 Phase. 

At this point, you have calibrated the phase and delay for the first input 
component (A1 cable). 

12. Click the Close button. 

13. Disconnect the A1 cable from port 1 on the E5071B/C network analyzer. 

14. Connect the open end of the A2 cable to port 1 on the E5071B/C network 
analyzer. 

15. In the Connection Setup area in the Vertex GUI, click the Advanced Settings 
button to access the radio link configuration. 

16. In the Connection Setup Advanced Options dialog box, uncheck the A1 ->B1 
check box. 
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17. Enable (check) the A2 -> B1 check box only for the input cable to S9:P3 
measurement, as shown in the following figure. 

 
Figure 16. Enable A2 -> B1 Radiolink. 

18. Click the Close button. 

19. Repeat Steps 3 through 18 for the second input component (A2 cable). 
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Step 5: Measure the Output Phase/Delay of the 
Internal/External Components 

Perform the following steps: 

1. Disconnect the A2 cable from port 1 on the E5071B/C network analyzer. 

2. Connect the A1 cable from Vertex to port 1 on the E5071B/C network analyzer. 

3. Make sure the B1 cable from Vertex is connected to port 2 on the E5071B/C 
network analyzer. 

4. In the Vertex GUI, click the Main button in the Views panel. 

5. In the Connection Setup area, click the Advanced Settings button to access the 
radio link configuration. 

6. In the Connection Setup Advanced Options dialog box, uncheck all of the radio 
link check boxes. 

7. Enable (check) the A1 -> B1 check box only for the input cable to S9:P1 
measurement, as shown in the following figure. 

 
Figure 17. Enable Radiolink in Connection Setup Advanced Options dialog box. 
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8. Click the Close button. 

9. To measure the group delay, verify the measured value for Marker 3 on the 
screen of the E5071B/C network analyzer. This value should be in negative ns.  

NOTE: 
For A1 -> B1 measurement, this value should already be in negative ps. 

10. In the Vertex GUI, select Configure>Port Phase Settings to access the  
Port Phase Parameters dialog box, and set the input port delay for port A1 to  
(-Marker3).  

11. Go to the E5071B/C network analyzer, and make sure the delay value at marker 
3 is now in the ps range, as shown in the following figure. 

 
Figure 18. Check Result for Marker 3. 

12. On the E5071B/C network analyzer, set Measure Format to Expanded Phase. 
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13. On the E5071B/C network analyzer, measure the phase value. The following 
figure shows the measurement for the example. 

 
Figure 19. Phase Measurement. 

14. In the Vertex GUI, select Configure>Port Phase Settings to access the Port 
Phase Parameters dialog box, and set the input port phase for port B1 to the 
negative value for Marker 3.  

At this point, you have calibrated the phase and delay for the first output 
component (B1 cable). 

15. Click the Close button in the Port Phase Parameters dialog box. 

16. Disconnect the B1 cable from port 2 on the E5071B/C network analyzer. 

17. Connect the open end of the B2 cable to port 2 on the E5071B/C network 
analyzer. 

18. Repeat Steps 4 through 17 for the remaining output RF components. 

19. When you are finished measuring and entering all of the phase/delay values for 
the output RF components, select Configure>Port Phase Settings, and click 
the Save button to store the phase calibration data on the Vertex instrument. 

You have now completed the external component calibration. 
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Step 6: Verify the Phase Calibration 
Perform the following steps: 

1. Disconnect the A2 cable from port 1 on the E5071B/C network analyzer. 

2. Click the Play button at the bottom of the Vertex GUI to play the channel 
emulation. 

3. In the Vertex GUI, click the Main button in the Views panel. 

4. In the Connection Setup area, click the Advanced Settings button to access the 
radio link configuration. 

5. In the Connection Setup Advanced Options dialog box, uncheck the Enabled 
check box at the top of the Radiolink Configuration area.  

6. All of the radio links are disabled. 

7. Enable one radio link at a time starting with A1 -> B1. 

8. When finished, click the Close button. 

9. Connect the A1 cable to port 1 on the E5071B/C network analyzer. 

10. Connect the B1 cable to port 2 on the E5071B/C network analyzer. 

11. On the E5071B/C network analyzer, perform the following steps to view the ENA 
measurements: 

a. Set Measurement to S21. 

b. Set Format to Expand Phase. 

c. Select Stimulus, set Center (Frequency) to fC, and set Span to 20 MHz  
d. Select Marker, and set 1st marker to 𝑓𝑓𝐶𝐶 − 10 𝑀𝑀𝑀𝑀𝑀𝑀, 2nd marker to 𝑓𝑓𝐶𝐶 + 10 𝑀𝑀𝑀𝑀𝑀𝑀, 

and the 3rd marker to 𝑓𝑓𝐶𝐶.  

e. Select Display, and press Data Math -> OFF. 

f. Select Average, and press Avg On. 

g. Set Avg Factor to 30 (default). 

h. Select Scale, and press Auto Scale. 

i. Press Average Restart. 
j. Select Display, and press Data Mem.  

This step stores in memory the phase difference between the egress cable 
UE1 and ingress cable NodeB1, across 20 MHz. 

k. Select Display ->Data Math -> Data/Mem. 
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Figure 20. A1-B1 Phase Measurement as the Reference. 

12. In the Connection Setup area in the Vertex GUI, click the Advanced Settings 
button to access the radio link configuration. 

13. In the Connection Setup Advanced Options dialog box, uncheck the A1 > B1 
check box. 
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14. Check (enable) the A2 -> B1 check box as shown in the following figure. 

 
Figure 21. Enable A2 > B1 Radiolink. 

15. Click the Close button. 

16. Connect the A2 cable to port 1 on the E5071B/C network analyzer. 
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17. On the E5071B/C network analyzer, perform the following steps to view the ENA 
measurements: 

a. Select Average, and press Average Restart. 
b. Select Scale, and press Auto Scale. 

c. Make sure all readings on the center frequency are within +/-5 (at least for all 
three markers), as shown in the following figure. 

 
Figure 22. Verify Readings on Center Frequency for Markers. 

18. Repeat Steps 3 through 17 for A1 > B2 to A1 > B32. As you perform these 
steps, substitute A1 with A2. 
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Phase and Delay Measurement Data 
This section shows phase and delay measurement data before and after the 
adjustments were performed. 

Phase Measurement Before Delay Adjustment 
The following figure shows phase measurement before the delay adjustment was 
performed. 

 
Figure 23. Phase Measurement before Delay Adjustment. 
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Phase Measurement After Delay Adjustment 
The following figure shows phase measurement after the delay adjustment was 
performed. 

 
Figure 24. Phase Measurement after Delay Adjustment. 
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Phase Measurement After Phase Adjustment 
The following figure shows phase measurement after the phase adjustment was 
performed. 

 
Figure 25. Phase Measurement after Phase Adjustment. 
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