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Anritsu 5G solution portfolio
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• MT8000A introduced 2018

• R&D for 5G chipsets

• R&D for 5G UE

• R&D for module vendors

• R&D for Fixed Wireless Access 

• 5G manufacturing

• UE Repair 2019

Anritsu background in 5G device development
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COST

Capability & Cost of the Call Box

Does the platform support all technologies required by our customers?

Is the platform stable?

Is the platform scalable to my test requirements?

Are there options to Lease and/or Rent the equipment?

SUPPORT

Hardware & Software Support 

System installation and checkout

Onsite training

Ensuring the system is ready for production test

Test script creation & support

Remote & Onsite support options

Creating an effective test solution strategy for 5G Wireless Devices
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SERVICE

Repair & Calibration service options

Loaner equipment availability

PREMIUM SERVICE OPTIONS

NPI assistance

Pre-paid onsite support hours

Availability to attend customer/OEM meetings to help explain test results

Creating an effective test strategy for 5G Wireless Devices
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• All major US carriers have discontinued or are phasing out 2G/3G services:

o AT&T:

▪ Ended 2G (GSM) service at the start of 2017, and 3G (WCDMA) service in February 2022.

▪ No longer testing GSM/WCDMA in third party logistics facilities (3PLs).  Device RF 
parametric testing is limited to LTE, or LTE + 5G NSA if the device supports 5G.

o T-Mobile:

▪ 2G (GSM) service is tentatively scheduled for shutdown on December 31 2022, and 3G 
(WCDMA) service was shutdown on July 1 2022.

▪ No longer testing GSM/WCDMA in 3PLs.  Device RF parametric testing is limited to LTE, or 
LTE + 5G NSA if the device supports 5G.

o US Cellular:

▪ 2G/3G (cdma2000/EVDO) is scheduled for shutdown on December 31 2022.

o Verizon:

▪ 2G/3G (cdma2000/EVDO) is scheduled for shutdown on December 31 2022.

o What about Mobile Virtual Network Operators (MVNOs), like Boost, Cricket, Metro, etc.?

o It is assumed that since MVNOs don’t own their own network infrastructure equipment, they will 
follow the direction of their host Mobile Network Operator (MNO).

Wireless Device Technology Trends and Updates:
Future of 2G & 3G service in US
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• 4G (LTE) is still under active development in 3GPP:
o The vast majority of the new features are outside of the scope of the over-the-air (OTA) testing 

done at 3PL facilities:

▪ For example, while there are likely additional allowed Carrier Aggregation (CA) band 
combinations in LTE Rel-17 (3GPP TS 36.521-1), CA isn’t generally tested in 3PL facilities.

o The only feature that may impact 3PL testing is the addition of a new band for LTE:

▪ LTE B48, a.k.a. Citizen Broadband Radio Service (CBRS), 3550 – 3700MHz:

➢ The current usage of B48 is for ‘Private LTE’:

• Private LTE refers to the deployment of an LTE network for use within an organization or 
enterprise.  For example, Amazon AWS/Federated Wireless is offering private LTE services.

➢ All major wireless carriers own CBRS spectrum, and there are current devices that support this band.

➢ At this time, it is unclear if and when devices with CBRS testing support will be required at 3PL 
facilities.  If testing support is required, note that the frequency range of B48 needs to be accounted 
for, specifically with regards to the antenna/RF coupler used for RF parametric testing:

• Some near-field couplers have upper frequency limits of ~3GHz (for example, Tescom’s TC-
93023B near-field coupler).

• The antenna that Anritsu uses at many 3PLs covers 600MHz – 8000MHz, so it is obviously fine.

Wireless Device Technology Trends and Updates:
4G update
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• 5G (NR):  Just like LTE, the majority of new features in NR are outside the scope of 
testing in 3PL facilities.  Regardless, there are a couple of features that may require 
attention in 3PL facilities:
o New NR TDD bands, collectively referred to as ‘C-Band’ (C-Band is part of what is known as ‘mid-

band’ spectrum):

▪ C-Band band designations:

➢ n77:  3300 – 4200MHz

➢ n78:  3300 – 3800MHz (subset of n77)

➢ n79:  4400 – 5000MHz

▪ AT&T and Verizon are currently operating in n77/n78, and T-Mobile plans to by the end of 
2023 (note T-Mobile already has mid-band spectrum in n41, ~2600MHz):

➢ AT&T 3PLs are currently testing n77 in devices that support it.

➢ Just like LTE B48, if NR n77/n78/n79 testing support is required, the frequency range of n77/n78/n79 
needs to be accounted for, specifically with regards to the antenna/RF coupler used for RF 
parametric testing.

Wireless Device Technology Trends and Updates:
5G update (1)
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• 5G (NR) continued:
o NR ‘Standalone’ mode (NR SA):

▪ Current NR testing at 3PL facilities uses so-called ‘Non-Standalone’ mode (NSA mode):

➢ In NSA, an ‘LTE Anchor’ is required for signaling (i.e., the 5G connection is data only).  So, both LTE 
and NR must be present in order to test 5G-capable devices. 

▪ In SA mode, both signaling and data are done using NR, meaning LTE is not required:

➢Dish’s network will only support SA (i.e., Dish doesn’t have LTE).

➢ AT&T, T-Mobile, and Verizon have plans to move to SA, but at this time NSA is used almost
exclusively on their networks.

▪ Assuming SA eventually takes over for NSA, is it possible that LTE testing might not be 
required?

➢ It seems unlikely, since LTE is still heavily used on AT&T, T-Mobile, and Verizon.  So, it is anticipated 
that LTE testing will still be required.

▪ If you test in NSA mode only (i.e. no testing in SA mode), are you losing any test coverage?

➢ For carrier device acceptance testing, almost certainly.

➢ For 3PL testing (i.e., from an RF parametric testing standpoint), it is unlikely, since regardless of 
whether you test in NSA or SA mode, you are still testing the same Tx/Rx chain(s) in the device.

Wireless Device Technology Trends and Updates:
5G update (2)
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o NR ‘Standalone’ mode (NR SA) continued:

▪ If SA testing mode is required, are there any possible issues/complications with SA testing?

➢ In SA mode, determining valid center channel numbers and registration channel numbers (a.k.a. 
‘synchronization channels’) for a given band can be complicated. It is highly recommended that test 
plans use channels defined in 3GPP TS 38.508-1.

➢ At this time there is only a single chipset that supports SA signaling at FR2 frequencies (Qualcomm 
x70).

• This means it is necessary to use both an FR1 and FR2 SA signal for FR2 testing concurrently, 
where the FR1 signal handles signaling (i.e., the FR2 signal is data only).  As an aside, an SA 
configuration that uses both FR1 and FR2 is generally referred to as New Radio Dual 
Connectivity (NR-DC).

Wireless Device Technology Trends and Updates:
5G update (3)
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• The straightforward way to increase testing speed is to decrease the number of tests performed in 
the test plan.  But, test plans are typically set by the carriers, so removing tests isn’t usually an option.

• However, there is always some non-negligible amount of ‘testing overhead’ that is implicit in any 
testing strategy plan, so we can instead try to minimize this overhead:
o In signaling test, a significant portion of the total test time is wasted waiting for the device to register with the BTS 

emulator:

▪ Registration times vary across device models, and more importantly, vary across repeated runs of a specific 
device model.  However, Anritsu’s M4 automation tool implements optional techniques that the test engineer 
can use to minimize the registration times:

➢ By changing the BTS’s Cell ID and/or Tracking Area Code (TAC) periodically, the device can be tricked into thinking it 
needs to register as soon as possible since it thinks it has physically moved to a new cell.

➢ Ordering the tested bands/channels such that the first band tested is one of the carrier’s primary bands can also help to 
speed up registrations:

• Most devices will support a large number of bands to support roaming, but generally speaking the first bands that 
are checked are the carrier’s primary bands.

o Retesting devices with non-repeatable failures (a.k.a. ‘false failures’) decreases test station throughput:

▪ Many 3PLs automatically abort testing on the first failure, then have the operator retest the device at least once 
to make sure the failure is repeatable.  If the failure is non-repeatable, the time required to ‘false fail’ the device 
on the first run is essentially wasted, so test station throughput is decreased: 

➢ To help reduce the number of device retests due to false failures, M4 test scripts should the ability to automatically retry 
RF measurements.

➢ Also, in signaling testing, there are failure modes that are almost always intermittent, for example handoff failures and 
call drops.  For these types of false failures, M4 test scripts have the ability to automatically recover by restarting calls.

Making Fast, Accurate & Repeatable RF Measurements:
Increasing testing speed / test station throughput (1)
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• Finally, having an ‘operator friendly’ test executive helps increase operator efficiency:
o Restricting the operator’s interaction with the test executive’s GUI to the absolute bare minimum required to test a device decreases 

the chances for unintentional errors:

▪ In M4, a maximum of three button clicks are required to start testing a device.

▪ All M4 features intended for use by test engineers are password protected, ensuring that operators can’t break something 
unintentionally.

Making Fast, Accurate & Repeatable RF Measurements:
Increasing testing speed / test station throughput (2)
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• There are two general types of RF measurements:
o Absolute measurements, where some physical parameter is measured in isolation, usually some 

power level.  Some examples:

▪ Max Tx Power, measured in dBm.

▪ Rx Sensitivity, also measured in dBm.

o Relative measurements, where two measurements of some physical parameter are compared by 
forming a ratio of the two measurements.  Again, the measurements are usually power levels, so 
the ratio of the two measurements is a power ratio.  Some examples:

▪ Adjacent Channel Leakage Ratio (ACLR), measured in dB.

▪ Carrier Leakage, measured in dB.

▪ Error Vector Magnitude (EVM), measured in % or dB.

➢ Aside:  EVM is actually a ratio of voltages, not powers.  So, if you want to convert the % value to dB 
or vice-versa, use the following equations (note the factor of ‘20’ in the equations; this is due to the 
fact that power is proportional to the voltage squared):

• EVMdB = 20 * log10 (EVM% / 100)

• EVM% = 100 * (10^(EVMdB / 20))

Making Fast, Accurate & Repeatable RF Measurements:
Measurement accuracy considerations (1)
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• What accuracy should we expect from the MT8821C and MT8000A for absolute
power measurements?
o In general, the specified accuracy is not a single number, but instead is a function of both 

frequency, temperature, and the level itself:

Making Fast, Accurate & Repeatable RF Measurements:
Measurement accuracy considerations (2)

o As can be seen, the worst case absolute accuracy for the MT8821C and MT8000A are +/-1.1dB and 
+/-1.3dB respectively, so the absolute accuracy windows (i.e. measurement uncertainty) are 2.2dB 
and 2.6dB:

▪ For both LTE and NR Max Tx Power measurements, the allowed min-to-max spec window is 
approximately 6dB, so the measurement uncertainty is ~40% of the entire spec window???
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• Yes, the measurement uncertainty of absolute power levels is ~40% of the entire spec 
window.
o BUT, any absolute error is calibrated out during OTA loss factor calibration (a.k.a. ‘M4 Loss Calc’ scripts):

▪ For 3PLs, the test station loss factor calibration is based on the ‘golden DUT’ approach, where the 
device vendor supplies some number of sample devices, all of which are ‘guaranteed’ to meet some 
set of conducted RF performance specifications (typically 3GPP specs).

▪ At the 3PL facility, a set of frequency dependent UL/DL path losses are calculated based on the 
assumption that the golden DUT(s) meet their spec

▪ How do we calculate the UL loss factor?
1. The device is placed into a ‘Max Tx Power’ condition, where the BTS continuously sends “Increase your 

power” Transmit Power Control (TPC) commands to the DUT.

• Since we assume the DUT is meeting its specifications, the power at the DUT must be +23dBm.

2. The power is then measured with the MT8821C or MT8000A (P_Meas).  

3. The UL loss is then calculated as +23dBm – P_Meas.  For example, if P_Meas was -10dBm, the UL loss 
would be 33dB.

In step 3 above, we are effectively asking the question “What calibration factor is necessary to add to the 
measured power to get to the golden DUT’s power level of +23dBm?”  The answer to this question is the 
calculated loss factor.  So long as the test conditions don’t change (same instrument, same RF cables, same 
device position, same input attenuator setting, etc.), this process generally works.

Making Fast, Accurate & Repeatable RF Measurements:
Measurement accuracy considerations (3)
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▪ How do we calculate the DL loss?  There are two approaches:
• Use ‘UE Measurement Reports’:

1. We source a signal to the device with a known DL level (P_Source).

2. We then ask the device to tell us what power it is measuring (P_MeasRep).

3. We then calculate the DL loss as P_Source – P_MeasRep.  For example, if P_Source is -65dBm 
and P_MeasRep is -95dBm, the DL loss is 30dB.

• Use ‘Rx Sensitivity Search’:

1. We source a signal to the device with a DL power level (P_Source) sufficiently above the 
specified sensitivity level (P_Sens).

2. We then decrease the DL level by some amount (say 0.5dB), then measure the Rx throughput:

▪ If the throughput is >= 95%, we repeat step 2.  Else, we go to step 3.

3. We take the current DL level and add back in the step size:

▪ Note that we add back in the step size since the last step failed, and we don’t want don’t 
want to use this as the Rx sensitivity level (i.e., we want to use a DL level that passed).

4. The DL loss is then calculated as P_Source – P_Sens.

➢Which DL loss calculation method is better?

▪ In the author’s opinion, since UE vendors rarely specify the ‘true’ Rx sensitivity of their devices 
(i.e., they don’t tell us what P_Sens is), ‘UE Measurement Reports’ are better simply because they 
are much faster.

Making Fast, Accurate & Repeatable RF Measurements:
Measurement accuracy considerations (4)
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• What about the accuracy of relative measurements (ACLR, EVM, Carrier Leakage, 
etc.)?
o Fortunately the relative accuracy (a.k.a. ‘linearity’) is much better, as shown below for the MT8821C 

(NOTE:  linearity is not specified for the MT8000A, but it is assumed that the numbers are 
comparable, since the linearity of modern ADCs used in signal analyzers is generally very good):

Making Fast, Accurate & Repeatable RF Measurements:
Measurement accuracy considerations (5)

▪ As can be seen, the worst case linearity uncertainty is +/-0.4dB over a 40dB dynamic range.  If 
the lower level you are trying to measure is greater than -50dBm (almost a certainty when you 
are making relative UL power measurements), the linearity uncertainty decreases to +/-0.2dB. 
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• Are there any caveats to be aware of with the OTA loss factor calibration process?
o Again, the OTA loss factor calibration process described previously (a.k.a. ‘M4 Loss Calc’ scripts) 

only holds if the test conditions don’t change, meaning same instrument, same RF cables, same 
DUT position, etc.  If anything changes (for example, an RF cable is swapped), the calibration 
process should be repeated.

o Also, it is considered best practice to make sure that the testing order for bands and channels 
during loss calc matches the testing order for bands and channels during test.  While in theory it 
shouldn’t matter, it is best to minimize any possible differences. 

o Finally, the calculated UL and DL loss calc factors are only intended to get you ‘in the ballpark’.  
Since the instrument conditions will change during test (specifically the input (UL) and output (DL) 
attenuators), it is likely that these will need to be adjusted a bit:

▪ While not absolutely required, it is highly recommended that test engineers ‘test the loss 
factors’, i.e. make sure that the calculated loss factors result in the expected test results on the 
golden DUT(s), in particular Max Tx Power measurements.  If they do not, adjust them until 
they do (a couple tenths of a dB is close enough).

Making Fast, Accurate & Repeatable RF Measurements:
Measurement accuracy considerations (6)
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• As discussed, the ‘golden DUT’ approach minimizes the absolute accuracy 
requirements of the instrumentation:
o Instead, we rely on measurement repeatability for reliable RF parametric testing of devices in 

3PLs.

• While it is sometimes necessary to recalibrate a given test station, we want to try to 
minimize the frequency of recalibrations.  Test station recalibration takes time, and 
this time could be used for ‘real’ device testing:
o This is compounded if a test station tests a large mix of device models, since every device model 

will have a different set of UL/DL loss factors.

• To achieve good repeatability without requiring frequent recalibrations, there are a 
few aspects of the overall testing strategy that need to be considered:
o Maintaining test station integrity

o Maximization of the Signal-to-Noise Ratio (SNR) during testing

o Dealing with unexpected device behavior

Making Fast, Accurate & Repeatable RF Measurements:
Measurement repeatability considerations (1)
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• Maintaining test station integrity:
o A test station at 3PL facilities includes more than the just the instrumentation.  Shown below is a block 

diagram of a test station designed by Anritsu and deployed at specific 3PLs.  It is capable of testing 
both LTE and NR, and WCDMA and/or GSM technologies can be added with a minor change.
▪ When we talk about maintaining test station integrity, we are focused on the RF components 

(everything below the dotted line). 

Making Fast, Accurate & Repeatable RF Measurements:
Measurement repeatability considerations (2)
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• Instrument considerations:
o The most important pieces of the RF components are the instruments themselves, so it is important to understand 

how to keep these in good working order.  There are a couple of aspects to this:
▪ Instrument AC power considerations:

➢ Both the MT8821C and MT8000A have significant AC power requirements:
• MT8821C:  1200VA max (120V/10A)

• MT8000A:  1500VA max (120V/12.5A)

▪ As can be seen, the current requirements are more than 20A.  If a single circuit is used to power both 
instruments, a 30A circuit is recommended.

➢ If the power stability at the facility is a big issue, one or more Uninterruptible Power Supplies (UPSs) with surge 
protection should be considered to allow for an orderly instrument shutdown and protection from over-voltage 
conditions.

• Shown below is a simple UPS sizing analysis Anritsu did for a 3PL customer.

▪ The load requirements shown are based on actual measurements of specific instrument configurations used 
at the 3PL, so they are less than the max load numbers shown above.

▪ The reason there are two possible UPS sizes shown is that the customer was considering using two smaller 
UPSs instead of one large UPS.

Making Fast, Accurate & Repeatable RF Measurements:
Measurement repeatability considerations (3)
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▪ Instrument installation location considerations continued:
➢ Both the MT8821C and MT8000A generate a significant amount of heat.  It is critically important that the 

instruments are installed in locations that have adequate airflow:

• For the MT88821C and MT8000A, the cooling fans are located on the right side, with ingress vents on 
the other side (i.e., airflow is left to right).  It is OK to stack the MT8000A and MT8821C, but note that 
a minimum of ~4 inches clearance is required on all sides.

• For all MT8000A RF converters, the cooling fan is on the side, with an egress vent on the top.  This 
means that the RF converters must be standing upright, with a minimum of ~4 inches clearance on 
the front, right, and top sides.

Making Fast, Accurate & Repeatable RF Measurements:
Measurement repeatability considerations (4)
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▪ Instrument installation location considerations continued:
➢ The MT8821C and MT8000A are quite heavy (2 person lift):

▪ MT8821C weight is ~110 lbs max

▪ MT8000A weight is ~90 lbs max

So, the total combined weight is ~200 lbs.

➢ The MT8821C and MT8000A can be placed on a bench or optionally mounted in a standard 19” 
equipment rack:

▪ If the instruments are placed on a bench, it is OK to stack the instruments.

▪ If the instruments are placed in a 19” rack, note the following:

• Special Anritsu rack mount kits are required for both the MT8821C and MT8000A.

• To avoid heating issues, it is highly recommended that if the rack has side panels, they should be 
removed.

• The rack should be tall enough to accommodate both instruments:

▪ The combined height of both instruments is ~24 inches.

▪ If the RF cables are routed out the back of the rack, additional space will be needed to 
accommodate cable routing.  Essentially, the RF cables will be wrapped either above or 
below each instrument.  This will require at least 1 RU of additional space (1 RU = 1.75”).

➢ If the customer requires FR2 NR support, the MT8000A RF converter, RF switch, and combiner should be 
placed very close to or even on top of the shield box.  FR2 cable losses are fairly high, so by keeping the 
converter and switch box close to the shield box, the cables can be shorter, so loss is minimized.

Making Fast, Accurate & Repeatable RF Measurements:
Measurement repeatability considerations (5)
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• Maintaining test station integrity continued:
o The only test station components that require calibration are the instruments (note that we are NOT talking about 

test station calibration, where UL/DL losses are calculated).  There are three main types of calibration, each with 
associated calibration intervals:
▪ Factory calibration:

➢ All instruments are returned to the Anritsu for factory calibration.  As part of this process, the instruments are also 
checked for proper operation.

➢ The calibration interval for a factory calibration is typically 1 year.

▪ Full calibration:
➢ This is done onsite at the customer’s facility.  No calibration equipment or special setup is required, other than making 

sure that there are no RF signals present at the instrument’s RF ports during calibration.  There are a couple ways to 
make sure this condition is met:
• The obvious solution is to simply disconnect all RF ports from the instrument being calibrated.  But, this requires 

breaking connections before calibrations, and then reconnecting after calibration.  So, in general, it is 
recommended to use the next option instead, as this method doesn’t require any cables to be 
disconnected/reconnected.

• There is an M4 calibration script that can be used.  This script will automatically turn off any instrument outputs, so 
the only thing the customer has to do is make sure there is no device in the shield box and the shield box door is 
closed. 

➢ The calibration interval for a full calibration is maybe once per week, or when any components are replaced (for example 
RF cables).  Note that it can take up to 30 minutes for this to complete.

▪ User calibration:
➢ This is also done onsite at the customer’s facility, and it intended to account for environmental temperature changes.

➢ There is no recommended interval for user calibration.  But, M4 can be configured to check for any change in 
temperature of a user-specified amount (default is 2 degrees C), then automatically perform a user calibration if 
necessary.  This is a relatively fast procedure (maybe 2-3 minutes max), so test time isn’t impacted drastically.  In any 
case, the temperature at 3PL facilities is typically well controlled, so it’s somewhat unlikely that an automatic user 
calibration will actually occur.

Making Fast, Accurate & Repeatable RF Measurements:
Measurement repeatability considerations (6)
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• Maintaining test station integrity continued:
o While the other components do not require any calibration, there are still some best practices to be 

aware of:
▪ All RF components have some loss, and the combined loss of all components in all RF paths is 

calibrated out during test station calibration.  But, be careful when swapping parts, as this can 
introduce errors.  Just because two components are identical, this does NOT mean that their losses 
are necessarily identical:
➢ Once a test station is calibrated with a given set of components, those components should be 

permanently assigned to that specific test station.  If it is necessary to replace a component, it is best 
practice to recalibrate the test station.

▪ Connectors on the ends of RF cables:
➢ All connectors should be tightened with a torque wrench (i.e., finger-tight is NOT good enough).  This will 

eliminate any inconsistent/intermittent loss caused by loose connections, and will also deter folks from 
‘borrowing’ cables for other purposes.
• SMA and Type K connectors should be tightened to 8 in-lbs.
• Type N connectors should be tightened to 12 in-lbs.

▪ RF switches:
➢ The RF switches are mechanical coaxial relay switches:

• Low loss (~0.1dB at FR1 frequencies, and ~0.6dB at FR2 frequencies).
• A minimum of 2 million hot switch cycles at +20dBm:

▪ There is always some legitimate concern about switch lifetimes.  But, in this application, the 
maximum switch rates expected are maybe one switch cycle per minute.  At this rate, the switch 
lifetime is ~5 years.  To be conservative, it is likely a good idea to replace the switches after 4 
years.

Making Fast, Accurate & Repeatable RF Measurements:
Measurement repeatability considerations (7)
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• Maximization of the Signal-to-Noise Ratio (SNR) during testing:
o All RF parametric measurements ultimately rely on signal power measurements.

o All measurements include some inherent noise, due to both internal noise in the measuring 
instrument, and external noise in the environment (for example, thermal noise).

▪ Regardless of the noise source, the effects of noise are clear:  noise degrades measurement 
repeatability.

▪ To reduce the effects that noise has on repeatability, we need to maximize the ratio of signal 
power to noise power, a.k.a. the SNR.

➢ In simpler terms, we want to make sure that during a measurement, the signal power (greatly) 
exceeds the noise power.  While it is impossible to get rid of noise completely, the goal is to make 
the noise contribution to the measurement as insignificant as possible.

Making Fast, Accurate & Repeatable RF Measurements:
Measurement repeatability considerations (8)
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• Maximization of the Signal-to-Noise Ratio (SNR) during testing continued:
▪ Use testing grade components, particularly for RF cabling:

➢ Long cables can act as antennas, so the more shielding a cable has the better it will reject external 
signals.  Triple-shielded cables are highly recommended.

▪ Using a spectrum analyzer, check to make sure the shield box is providing adequate shielding:

➢Most shield boxes have shielding gaskets at the door(s), and these gaskets can wear out over time.

➢ The shield boxes Anritsu recommends for 3PL customers have minimum shielding specifications of 
60dB:

Making Fast, Accurate & Repeatable RF Measurements:
Measurement repeatability considerations (9)
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• Maximization of the Signal-to-Noise Ratio (SNR) during testing continued:
▪ Minimize OTA losses:

➢We know that UL/DL OTA losses are compensated for with UL/DL loss factors.  Does this mean UL/DL 
losses don’t matter? NO!

• The signal power ‘S’ in SNR is directly affected by UL/DL loss, but the noise power ‘N’ is not.  In 
other words, you can attenuate a signal, but you CANNOT attenuate thermal noise.

• For an X dB loss, you degrade the SNR by X dB. Since lower SNR means lower repeatability, we 
want to minimize OTA loss as much as possible.

➢ Assuming you use Anritsu’s solution, you have a couple of choices:

• FR1 frequencies are handled with a Dual Polarity Vivaldi antenna, where ‘Dual Polarity’ means 
you have a choice of which polarization plane you want to measure (horizontal or vertical):

▪ It is highly likely that one polarization plane will have lower losses over the bands of 
interest, so use that plane for measurements.

• Likewise, for FR2 frequencies, you have either 3 or 4 horn antennas to choose from (3 horns are 
provided with the TC-5530BP shield box, while 4 are provided with the TC-5530B shield box 
antenna).

▪ Here again, it is highly likely that one of the horn antennas will have lower losses than the 
other horns over the bands of interest, so use that horn for measurements.

Making Fast, Accurate & Repeatable RF Measurements:
Measurement repeatability considerations (10)
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• Dealing with unexpected device behavior:
o Unfortunately, devices sometimes show behavior that seemingly destroys any hope for reasonable 

repeatability.

o The next two sections will discuss two such behaviors, specifically Qualcomm Smart Transmit 
feature, and Diversity Tx.  Both of these can have drastic effects on the repeatability of Max Tx
Power measurements:

▪ Instead of seeing Max Tx Power measurement variations of less than 1dB (reasonable), these 
behaviors frequently result in measurement variations of more than 10dB (not so good, 
considering the min-to-max spec window is ~6dB).

Making Fast, Accurate & Repeatable RF Measurements:
Measurement repeatability considerations (11)
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• Qualcomm Smart Transmit:
o What is Smart Transmit?

▪ Smart Transmit (ST) is a proprietary Qualcomm technology that is designed to optimize uplink 
(UL) transmissions, i.e. transmissions from the device to the base station:

➢ Essentially, ST adjusts the UL Tx power in real time to maximize the probability that the base station 
will be able to successfully decode some fraction of all UL slots, while ensuring that the FCC’s Specific 
Absorption Rate (SAR) or Power Density (PD) limits are not exceeded.

• Aside:  SAR limits (W/kg) apply for frequencies < 6GHz, PD limits (W/m2) apply for frequencies 
>= 6GHz.

o Why not just transmit all UL slots at max Tx power?

▪ This would maximize the UL performance (i.e., result in the largest number of successfully 
decoded UL slots), but could result in a time-averaged power level that violates the FCC’s 
SAR/PD limit, depending on the SAR/PD limit and the ratio of UL slots to total slots (i.e., the 
amount of time the UL is transmitting, a.k.a. ‘UL duty cycle’).

▪ If the device’s Max Tx Power combined with the UL duty cycle exceeds the SAR/PD limit, it is 
necessary to ‘distribute’ the Tx power among the available UL slots, such that the time-
averaged power over a SAR/PD measurement interval is less than or equal to the SAR/PD limit.

Making Fast, Accurate & Repeatable RF Measurements:
Measurement repeatability considerations (12)
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• Qualcomm Smart Transmit continued:
o If we can’t transmit at Max Tx Power for all slots, then how should we distribute the power among 

slots?  There are two approaches:

1) Transmit all UL slots at the same power level PFixed, where PFixed multiplied by the UL duty 
cycle is less than or equal to the corresponding SAR/PD limit:

• Assuming the UL SNR is constant across some set of UL slots, the probability of any slot being 
decoded correctly at the base station is the same for all slots.  Obviously, this also means that the 
probability of any slot being decoded incorrectly at the base station (i.e. with errors) is the same for 
all slots.

2) Vary the UL power level on a slot-by-slot basis.  Note that this is what ST implements:

• Here, the probability of a slot being decoded correctly at the base station differs among slots:  slots 
with higher transmit power (= higher SNR) have a higher probability of being decoded correctly than 
with lower power levels.

• Since ST implements this method, it is assumed that Qualcomm has demonstrated to itself and its 
customers (i.e. device vendors) that overall UL performance improves if the Tx power is not constant 
for all available UL timeslots.

Making Fast, Accurate & Repeatable RF Measurements:
Measurement repeatability considerations (13)
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• Qualcomm Smart Transmit continued:
o What issue does ST cause in testing?

▪ The MT8821C and MT8000A measure a single slot at a time, which means that the measured Tx
power varies depending on which slot the MT8000A measures.  This leads to large variations in Tx
power measurements.

▪ Shown below is an example of Tx EIRP measured on a Samsung S20-Ultra.  As can be seen, the Tx
power measurements vary by about 14dB across 100 measurements (note that I have personally 
seen measurement variations of greater than 20dB):
➢ Again, the spec window for Max Tx Power measurements is ~6dB.  So, 14dB of variation is obviously a big 

issue.

Making Fast, Accurate & Repeatable RF Measurements:
Measurement repeatability considerations (14)

▪ At this time, this behavior has been observed in NR TDD bands, both FR1 and FR2.
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• Qualcomm Smart Transmit continued:
o Is there any way to disable ST?

▪ Yes:

➢One vendor has an APK that can be loaded on the device to disable ST.

➢ Another vendor has a procedure that can be used to disable ST:

• The test engineer enters a specific dialer sequence to open a Qualcomm diagnostic port, then 
deletes some files from the device’s EFS using Qualcomm’s ‘EFS Explorer’ tool to disable ST.

▪ But:

➢ These solutions are obviously vendor specific, and possibly device specific as well.  Also, it’s not clear 
if all device vendors offer similar methods.

➢ These solutions require devices to be prepared ahead of test.  So, this complicates the test procedure 
and adds time.

Making Fast, Accurate & Repeatable RF Measurements:
Measurement repeatability considerations (15)
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• Qualcomm Smart Transmit continued:
o Is there any way to stop ST from dynamically modifying the power on a slot by slot basis?

▪ Yes.  We can control the UL duty cycle by changing the number of UL time slots and the UL/DL periodicity.  If 
we make the UL duty cycle sufficiently small by making the total number of slots large, but only have one of 
these slots allocated to UL, ST will stop interfering:

➢ For example, we can choose a DL/UL periodicity of 2.5ms with 20 total slots, and only allocate one slot to UL.  This 
configuration results in a 5% UL duty cycle (1 / 20 = 5%)

➢ Shown below are the results for duty cycles of 50%, 20%, and 5%.  As you can see, at a 5% UL duty cycle, the variation 
across 100 measurements decreases to less than 0.1dB (this is negligible).

Making Fast, Accurate & Repeatable RF Measurements:
Measurement repeatability considerations (16)
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• Tx Diversity:
o What is Tx Diversity and why it is used?

▪ Devices typically have two or more spatially separated antennas.  Tx Diversity refers to the ability of 
the device to select which antenna it wants to use at any given time.

▪ Each antenna ‘sees’ the base station differently, since the device’s UL signal will travel a different 
path in 3-D space.  This implies that there will a different path loss from the device to the base 
station for each antenna.

▪ Device’s can take advantage of the fact that the loss to the base station is different for each 
antenna.  For example, if the device chooses the antenna with the lowest loss, it can conserve 
battery power:
➢ Less path loss means less Tx power is required at the device for the same SNR at the base station.
➢ Less Tx power required at the device means longer battery life for the end user.

o Why does Tx Diversity cause issues for RF testing?
▪ For a given frequency, the base station emulator supports one loss factor.  If the device decides to 

switch Tx antennas during testing, the resulting measurement will be incorrect, since the loss factor 
changed.

▪ Even if the base station emulator could handle more than one loss factor per frequency (or, we 
could somehow work around this in the test script), there is no way to predict when the device will 
decide to switch antennas.  So, we wouldn’t know when to switch loss factors.

▪ The end result is that we will see large variations in Max Tx Power measurements, on the order of 
10dB or more.  Again, since the Max Tx Power spec window is ~6dB, this is going to cause false 
failures.

Making Fast, Accurate & Repeatable RF Measurements:
Measurement repeatability considerations (17)
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• Tx Diversity continued:
o Are there other ways to deal with this?  Possibly:

▪ Some UE vendors provide methods to disable Diversity Tx (for example, using a secret menu).  But, just like 
disabling Smart Transmit, the method varies per vendor (assuming it’s possible in the first place), and requires 
device preparation ahead of RF test (again, complicating the overall test process and increasing test time).

▪ Instead, we could try to avoid the problem entirely by making sure the device never decides to switch antennas 
during a Max Tx Power test.  Unfortunately there is no direct way for the base station to tell the device to stop 
switching antennas, so how can we do this?

➢ Note that in a Max Tx Power test, the device is forced to its maximum possible Tx power by having the base station 
emulator continuously tell the device to “Please increase your power”, and this is what causes the antenna switch.  Why?  
There are a couple of reasons:

• The device interprets this as “The base station keeps telling me to increase my power, but I’m already generating 
the max I can.  So, at some point soon, the call will drop because the base station is having trouble hearing me.  If I 
switch to a different antenna with a (possibly) lower path loss to the base station, maybe the call won’t drop.”

• Generally speaking the device wants to transmit at the lowest possible power, as this extends battery life.

➢ So, instead of forcing the device to Max Tx Power, we can instead see if the device is at least capable of generating the 
nominal power we expect using Closed Loop Power Control (CLPC):

• In CLPC, the base station emulator tries to control the Tx power to some target level in a closed-loop fashion. It 
does this by sending Transmit Power Control (TPC) commands to each device, telling the device “Increase your Tx
power by 1dB”, “Decrease your Tx power by 1dB”, or “Hold your power”.  Note that CLPC is used in the ‘real’ 
network.

• So, if we set the target level to X dBm, we can at least check to make sure that the device can generate X dBm +/-
1dB (for example, X could be set to +23dBm, which is the typical midpoint of the Max Tx Power spec).  More 
importantly, since the device doesn’t see a continuous stream of “Increase your power” commands from the base 
station emulator, it doesn’t switch antennas.

Making Fast, Accurate & Repeatable RF Measurements:
Measurement repeatability considerations (18)
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• Tx Diversity continued:
o If you choose to use CLPC for a specific device, you will also need to change the UL loss calc

method:

▪ In ‘standard’ UL loss calc (i.e. non-CLPC), we first force the golden device to Max Tx Power.  We 
then measure the power at the base station emulator (P_Meas), and then calculate the UL loss 
by assuming the golden device meets the Max Tx Power spec (P_Spec) as follows 

UL_Loss = P_Spec – P_Meas

▪ For CLPC UL loss calc, the base station emulator instead tries to control the device’s Tx power 
such that it is within +/-1dB of a target level set at the base station emulator:

➢ If CLPC is working correctly, meaning the device can generate the requested target level, the 
measured power will be within +/-1dB of the target level.

➢ If CLPC is NOT working correctly, meaning the device CANNOT generate the requested target level, 
this must be the point at which the device is generating its maximum possible Tx power (for 
example, +23dBm).  We measure the power at this point (P_Meas), and use this in the equation 
above.

• In summary, to determine the UL loss when using CLPC, we need to determine the point where 
CLPC stops working correctly.

Making Fast, Accurate & Repeatable RF Measurements:
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• Tx Diversity continued:
o In M4, the algorithm used to determine where CLPC stops working is called “Max Tx Power 

Search”.  The essence of the algorithm is as follows:

1) The user chooses a starting CLPC target level some number of dB below the Max Tx Power 
spec:
➢ For example, if P_Spec is +23dBm, we might choose to start at +13dBm (i.e., 10dB below P_Spec).  

We will call this P_Target.

2) M4 sets the CLPC target level to P_Target, then asks the base station emulator to take N 
measurements, where N is a user-specified number, say 25:
➢ The base station emulator calculates the average power across all N measurements (P_Ave), as well 

as the max-to-min delta across all N measurements (P_MaxMinDelta).

➢ P_Ave and P_MaxMinDelta are then evaluated by M4 to make sure CLPC is working at P_Target:

• P_Ave is checked to make sure it is within +/-1dB of P_Target.

• P_MaxMinDelta is checked to make sure that the spread in measurements is less than or equal 
to some user-specified tolerance (say 4dB).

➢ If both checks pass, M4 increases P_Target by 1dB, then repeats step 2).  Else, then the device is 
generating its maximum possible Tx power (P_Ave constraint violated), and/or the device switched 
antennas (P_MaxMinDelta constraint violated).  The UL loss is then calculated as:

• UL_Loss = P_Spec – P_Ave

Making Fast, Accurate & Repeatable RF Measurements:
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• Tx Diversity continued:
o Shown below are actual results for a Max Tx Power search:

Making Fast, Accurate & Repeatable RF Measurements:
Measurement repeatability considerations (21)
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• What is M4?
o M4 is an automation solution for Anritsu’s family of base station emulators (MT8820C, MT8821C, 

and MT8000A):

▪ Other instruments and peripheral equipment have been integrated as well.  Basically, anything 
that has a remote control API can be integrated into the M4 framework.  Examples:  MT8862A 
802.11 WiFi tester, barcode scanners, RF switching, UE AT command support, etc.

o M4 is developed, maintained, and supported in the USA:

▪ Since M4 is developed locally, it is usually not too difficult to implement customer requested 
features.

o M4 features:

▪ 2G-3G-4G-5G RF parametric testing support for devices from any vendor:
➢ 3PLs typically test fundamental device Tx/Rx functionality (for example, Max Tx Power and Rx 

Sensitivity), but it is possible to implement any test defined in 3GPP, so long as the instrument(s) 
support it. 

▪ Easy to use GUI for both operators and test engineers:
➢Operator interaction is limited to selecting a specific manufacturer/model pair, then pressing the ‘Go’ 

button.

➢ Test engineers can access additional M4 functionality by ‘unlocking’ the GUI with a password (set up 
instruments and stations, set or modify model-specific loss factors, choose test plans, etc.).

Test Automation:
Anritsu’s M4 automation tool (1)



42ANRITSU CORPORATION Presentation Title

• M4 consists of three parts:
o M4 GUI: this part serves as the operator’s / test engineer’s GUI for running test scripts and 

configuring test stations.

o M4 Editor: this part serves as the test engineer’s GUI for developing and maintaining test plans 
(choosing test bands and channels, specific tests and test limits, etc.).

o M4 ‘Back-End’ Code:  this part contains all of the instrument control code, test report generation 
code, etc.  Note that end-users never interact directly with this part.

• Anritsu provides standard Windows installers for each of the above parts, so getting 
M4 installed and running is straightforward.

• How do you get M4? M4 is free from Anritsu’s perspective, BUT:
o For each test station, user’s must have NI’s TestStand Base Deployment Engine license (~$800).  

This is a perpetual license (meaning a onetime purchase), and is independent of the version of 
TestStand that M4 uses.  This means that when M4 is upgraded to newer TestStand versions, there 
is no need to pay for this again.

o For M4 Editor, user’s must have NI’s TestStand Custom Sequence Editor license (~$2000).  This is a 
yearly subscription license, so user’s must keep their support current on a yearly basis.

Test Automation:
Anritsu’s M4 automation tool (2)
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• M4 GUI:
o Again, M4 GUI provides the interface for operators and test engineers to run test sequences (a.k.a. 

test scripts), and for test engineers to configure test stations:

▪ From the operator’s perspective, testing a device is as simple as selecting the device’s 
manufacturer and model, then pressing the ‘Run Sequence’ button:

Test Automation:
Anritsu’s M4 automation tool (3)
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• M4 GUI continued:
o For test engineers, M4 creates a detailed log in real time as the script is run.  The log is 

automatically saved to disk during the test run:

Test Automation:
Anritsu’s M4 Automation Tool (4)
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• M4 GUI continued:
o For test engineers, additional ‘administrative’ controls are available, and all of these are password protected to 

minimize the chances of accidental changes.  Some examples:
▪ The currently active script (a.k.a. ‘sequence’) file.
▪ Device-specific parameters (for example, which test script to run).
▪ Location for test reports.
▪ Additional debugging options (for example, automatically checking for instrument errors after each remote 

command is sent).

Test Automation:
Anritsu’s M4 automation tool (5)
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• M4 GUI continued:
o Again, device testing in 3PL facilities is most often done OTA.  For accurate measurements, it is 

necessary to characterize the losses present in the test station:

▪ M4 GUI allows the user to manually build and edit loss tables, but most often test engineers 
use M4 scripts to automatically generate loss factors (a.k.a. loss tables) at the channels of 
interest.  In either case, loss tables can be manually adjusted directly in M4 GUI if necessary. 

Test Automation:
Anritsu’s M4 automation tool (6)
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• M4 GUI continued:
o M4 supports a number of different test report formats in ASCII text format:

▪ The examples shown below include a tab-delimited test report file suitable for importing into 
Excel, and a test report file suitable for printing on standard 8.5” x 11” paper.

Test Automation:
Anritsu’s M4 automation tool (7)
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• M4 Editor:

oM4 Editor allows test engineers to modify M4 scripts.  Some examples:
▪ Changing what technologies are tested (e.g., NR, LTE, WCDMA, GSM), and the order in which 

they are tested.

▪ Changing what tests are performed in a given technology, the order in which these tests are 
performed, and what the test limits are.

▪ Configuring one or more ‘test channel lists’.  The order of the test channels is user defined, 
and M4 handles the details of looping over each channel and performing all applicable tests.

▪ Configuring whatever other sequence execution options the script author decides to expose 
to the test engineer.  Some examples:

➢ Setting DL/UL levels for device registration, starting/stopping calls, and handoffs.

➢ Setting maximum allowed times for registration, starting/stopping calls, and handoffs.

oM4 Editor operates seamlessly with M4 GUI:
▪ Both M4 Editor and M4 GUI can be open at the same time, with both referring to the same 

sequence file.  Changes made to the sequence file in M4 Editor are automatically ‘picked up’ 
by M4 GUI.

Test Automation:
Anritsu’s M4 automation tool (8)
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• M4 Editor continued:

oM4 Editor screenshot:

Test Automation:
Anritsu’s M4 automation tool (9)
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• In most 3PL facilities, an operator places a given device into the shield box, and is also 
responsible for controlling M4.  But, it is possible to use a robot to place the device 
into the shield box, and M4 can itself be automated.  The block diagram below shows 
the essentials of how this works:
o The ‘Anritsu Instrument Control PC’ runs M4 and an additional piece of software named ‘M4 Server’:

▪ M4 controls Anritsu’s test equipment.
▪ M4 Server controls M4.

o The ‘Test Executive PC’ runs a ‘global’ test executive and an additional piece of software named ‘M4 Client’:
▪ The test executive is responsible for orchestrating the complete test plan.  The test plan might only 

require RF testing, or it might also require some functional testing (for example, testing the device’s 
display):

➢ For functional test, the customer typically has both the robot(s) and the expertise to perform the required 
testing. 

➢ For RF test, the test executive uses M4 Client to send simple commands/retrieve test results to/from M4 Server, 
which then controls M4.  The benefit here is that the test executive doesn’t need to know anything about RF 
testing or how to control Anritsu instrumentation.

Test Automation:
Additional automation using robots (1)
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• One of Anritsu’s 3PL customers has deployed a system using this architecture:
o This system can RF test 10 devices in parallel (10 shield boxes + 5 Anritsu Parallel Phone 

Measurement (PPM) MT8820Cs):

▪ The test flow is essentially the following:

1) The operator loads devices into a ‘input’ holding area.

2) The robot takes a device from the input holding area to an available shield box.

3) The device is RF tested.

4) When RF testing is complete, the robot takes the device from the shield box to an ‘output’ 
holding area.

5) The operator unloads the devices from the output holding area. 

▪ The customer provided the robot and robot control code, and Anritsu developed the 
test executive that orchestrates everything.

• Anritsu is also currently working with a 3PL automation vendor in Texas:
o The vendor already has a comprehensive set of automated functional test tools that utilize 

custom robots, but some of their customers are requesting RF testing as well:

▪ Rather than developing RF testing capability from scratch, the vendor plans on using 
M4 Client/M4 Server/M4 to meet their customers’ RF testing needs.

Test Automation:
Additional automation using robots (2)




