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Ensuring Optimal End-User Experience 
Testing LTE Connectivity in Cars

LTE-advanced (LTE-A) technology implemented into new cars is becoming a 

commodity within the industry. Due to the long development cycle and the fact 

that cars live a long life in the market, it is imperative to ensure the functionality 

of LTE during the development cycle. LTE-A uses MIMO antenna technology 

(multiple-input and multiple-output) to exploit multipath propagation, multiplying 

the capacity of a radio link.

There are multiple factors influencing LTE Quality-of-Service (QoS) in a car, 

including:

• Device RF front-end performance

• Car antenna gain and sensitivity

• Car antenna performance, placement, and housing 

• Modem interoperability with different cellular networks 

• Cellular network conditions, settings, and configuration

There are basic test cases that need to be performed to collect data on LTE 

performance, to verify the QoS, and to secure the time-to-market of the vehicle:

• Antenna performance field verification, including MIMO 

• Modem and antenna field testing

Challenge:

What antenna location 
gives optimal LTE 
performance?

Does my MIMO antenna 
deliver what it should?

Solution:

Perform throughput 
performance and quality 
measurements comparing 
various locations.

Confirm that the chosen 
location delivers the 
expected level of quality.

C A S E  S T U D Y
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Antenna Performance Field Verification

The car antenna design and the placement of the antenna impact the cellular coverage 

perceived in the car. With modern MIMO antennas, the antenna design and placement 

also have a direct impact on the achievable maximum bitrate. 

Challenge:

• What antenna location gives optimal LTE performance?

• Does my MIMO antenna deliver what it should?

Solution:

• Perform throughput performance and quality measurements comparing various 
locations

• Confirm that the chosen location delivers the expected level of quality

With Nemo Outdoor, antenna performance can be measured and compared in the field, 

both in terms of coverage and MIMO (throughput) performance. The Nemo solution 

enables side-by-side benchmarking of commercial smartphone antennas and car 

antennas.

Figure 1 - Nemo Outdoor connected to the car antenna system

In the Nemo test solution, Nemo Outdoor controls the measurements, a scanner 

connected to the car antenna is assessing coverage, and a smartphone with external 

antenna connectors is connected to the car antenna for active testing, indicating 

throughput and coverage. The real-time measurements can be saved for later post-

processing and analysis. 
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There are three ways Nemo Outdoor can perform antenna performance verification 

measurements: 

• with a scanner

• with a test handset connected to the car antenna 

• with a car’s internal modem with diagnostics

With a Nemo Outdoor + scanner setup, you can measure MIMO condition number 

which indicates the performance of a MIMO channel in the environment and is not 

impacted by the network load. Using a scanner for antenna performance verification 

enables equal comparison of drive tests made at different times, which is not possible 

with a test handset or car’s internal modem due to different network loads. With a 

scanner you can also try to estimate the MIMO performance of each channel.

When performing antenna performance verification with a test handset or a car’s internal 

modem, you can measure the actual MIMO usage and data throughput, which is not 

possible with a scanner. Using a test handset/modem enables real QoE benchmarking 

provided the measurements are done at the same time and with the same device while 

network impact has been normalized out. Furthermore, with a test handset/modem, you 

can measure both RANK requested by the mobile and configured by the network.

In other words, all three options have their benefits and challenges and can be used to 

measure and verify different things. 

Three ways to verify 
antenna performance 

1. Nemo Outdoor + 
scanner 

2. Nemo Outdoor 
+ a test handset 
(connected to car 
antenna)

3. Nemo Outdoor + car’s 
internal modem with 
diagnostics
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Modem and Antenna Performance Field Verification
When Nemo Outdoor is connected directly to the LTE modem of a car, it enables 

programmatically controlled active testing with real applications (data and voice 

testing), capturing QoS metrics (throughput, latency, accessibility, retainability) and 

detailed RF metrics. This enables car OEMs to 

• test the modem and antenna chain on the field

• benchmark different modems and antennas

• benchmark against commercial smartphone service and throughput

Nemo Outdoor has the capability to drill down and troubleshoot network level KPIs to 

understand the root cause of the problem.

Case Study: Comparing Car Antenna Performance to Phone Antenna

The following tests were conducted in May 2018. The car used for testing was a 

western SUV (2018 model) with integrated LTE connectivity. The external antenna was 

a fin antenna on the rooftop.

Setup: 

• Nemo Outdoor connected to two Samsung Galaxy S6 Edge+ smartphones

 - One with external antenna connectors connected to the car antenna, i.e. a 
smartphone modem with car’s antenna

 - Another smartphone in the car using the phone’s internal antenna 

• The same network operator, SIM services, location and timing

• Data throughput testing using FTP download and YouTube testing

Purpose:

• Comparison of smartphone antenna performance vs. car antenna performance

Measurements:

• Tests included both outdoor and indoor drive testing

 - Suburban and highway

 - Driving / parking in a parking house: weak network conditions 30 meters 
underground in a large parking house cellar
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Results

The following results were calculated with Nemo Outdoor and Nemo Analyze.

Antenna Gain

Figure 2 - Roof antenna has ~5 dBm gain over phone RSRP

The antenna gain results show an approximately 5 dBm difference in favor of the roof 

antenna.

Throughput Comparison

Figure 3 - Throughput comparison

These results show that both devices were camping in LTE and transferring FTP data 

(i.e. 3G is filtered away). The roof antenna provides 2.4 Mbps higher throughput.
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2x2 MIMO Antenna Usage

Figure 4 - 2x2 MIMO antenna usage

The 2x2 MIMO antenna usage analysis revealed a surprising result. The smartphone 

using its own internal antenna used 2x2 MIMO 59% of the time as opposed to the 

smartphone using the car’s fin antenna that used 2x2 MIMO only 28% of the time. 

One explanation for this could be better radio channel characteristics for MIMO usage 

inside the car (more multipath signal components) compared to the fin on the roof 

that can have a line of sight to the base station. The results may indicate that the car’s 

MIMO antenna design is not optimal and thus the multipath propagation benefits as 

seen by the modem are not sufficient for using MIMO. To validate these scenarios, 

some further testing would be required.
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Inside Parking House

Inbuilding Parking House Drive Measurements

Carrier Aggregation Metrics Mobile Antenna Roof Antenna Difference

RSRP primary avg -104.24 dBm -92.11 dBm 12.13

RSRP CC1 avg N/A -77.48 dBm

RS SNR primary avg 5.91 dBm 6.47 dBm 0.56

MIMO Metrics

PDSCH rank 2 % primary avg 56.84% 27.68% -29.17%

Throughput Metrics

PDSCH tput primary avg [Mbps] 12.81 19.46 6.65

Total PDSCH tput avg [Mbps] 12.81 19.46 6.65

Application tput DL avg 11.98 19.56 7.58

Table 1 - Metrics inside the parking house

The roof antenna stayed connected to 4G on all floors while the mobile antenna 

always dropped to 3G when driving to 2nd level underground. The roof antenna 

provided 7.58 Mbps higher data throughput in FTP download and received 12.1 dBm 

better RSRP (Reference Signal Received Power). The roof antenna also had 0.56 dBm 

better signal-to-noise ratio. However, the smartphone with the internal antenna used 

more MIMO – which again could be due to more multipath signal components and 

better antenna design.
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Conclusion
The results above are only a snapshot of the data that can be retrieved from Nemo 

Outdoor. These measurements prove that the performance of the car’s roof antenna 

is better than the phone’s antenna. The biggest benefit of the roof antenna is in weak 

network conditions such as deep inside an underground parking house. However, 

the smartphone using an internal antenna had better MIMO performance. Possible 

reasons for this are richer multipath environment due to less line-of-sight to base 

station antenna and better optimization for MIMO performance in phone antenna 

design. It is notable that the throughput of smartphones with internal antennas were 

still less due to significant coverage difference in favor of the car antenna. 

For more information, please contact nemo.sales@keysight.com

http://www.keysight.com/find/dmm

