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Open-Source 4G Experimental Setup

In this work, we show how to set up a cellular LTE network for wireless experimentation and measurement, relying on commodity hardware and open-source software. We first deploy a complete LTE network on a single laptop and an SDR hardware. Then, we use it to evaluate the reception performance of a commercial smartphone. In the end, we propose a calibration technique which allows using a smartphone as a wireless power measurement tool by reducing the root-mean-square error of the RSSI, with respect to a reference power measured with a specialized spectrum analyzer, from 6.4 dBm to 2.4 dBm.

I. INTRODUCTION

Commodity hardware in general and mobile smartphones in particular are getting more and more attention in the research community to replace the specialized equipment, either for signal generation by using Software Defined Radio (SDR) [START_REF] Tuttlebee | Software-defined radio: facets of a developing technology[END_REF] or for spectrum measurements [START_REF] Zhang | A Wireless Spectrum Analyzer in Your Pocket[END_REF][3] [START_REF] Achtzehn | Proceedings of the 16th International Workshop on Mobile Computing Systems and Applications -HotMobile 15[END_REF].

With the proliferation of SDR technologies, several software implementations of the cellular network protocols are freely available as open-source programs. They allow emulating a cellular network on commodity hardware that would otherwise require a specialized and expensive hardware. For instance, OpenAirInterface (OAI) [START_REF] Nikaein | Demo: OpenAirInterface[END_REF], is an open-source, complete, software implementation of an LTE cellular network that can run on general-purpose processors. In addition, smartphones are seen as a possible replacement for specialized hardware for wireless measurement. Tan et al. proposed Snoopy [START_REF] Zhang | A Wireless Spectrum Analyzer in Your Pocket[END_REF], a spectrum analyzer that uses commodity Wi-Fi cards with frequency translators to sense a wide range of frequencies. Ana et al. [START_REF] Nika | Towards commoditized real-time spectrum monitoring[END_REF] used a portable SDR (RTL-SDR) dongle that senses a continuous spectrum range from 52MHz to 2200 MHz, which they connect to a smartphone through USB. In contrast to the two aforementioned works that rely on external hardware, CrowdREM [START_REF] Achtzehn | Proceedings of the 16th International Workshop on Mobile Computing Systems and Applications -HotMobile 15[END_REF] relies only on smartphones for spectrum analysis. The authors used an open-source mobile phone (OpenMoko) with a modified Linux system and OsmocomBB as the baseband firmware. They showed that smartphone accuracy is within 3 dBm while the device is still, but very sensitive to orientation with respect to the source, up to 10 dB difference.

As opposed to previous works [START_REF] Zhang | A Wireless Spectrum Analyzer in Your Pocket[END_REF][3], the solution proposed in this paper relies only on a smartphone without any external hardware. Moreover, the solution doesn't require hardware or software modification on the smartphone. In addition, we mitigate the inaccuracy of smartphones [START_REF] Achtzehn | Proceedings of the 16th International Workshop on Mobile Computing Systems and Applications -HotMobile 15[END_REF] with a calibration algorithm that uses the Inertial Measurements Units (IMUs) of the mobile device to determine the correction power offset to apply.

II. EXPERIMENTAL SETUP

We developed a framework for wireless cellular experimentation based on commodity hardware and open-source software. The framework allows signal generation, device testing, and wireless power measurement.

1) Cellular signal generation: Instead of using specialized hardware for generating cellular networks, we use OAI as a cheap and working alternative. We proceed as follows to generate the signal. The Core Network (CN) and the Radio Access Network (RAN) components of OAI should run on two different machines to ensure real-time performances. To reduce the deployment costs of our setup, mobile data should be deactivated which will considerably reduce the computing load on the processor. Hence, both the CN and RAN components can run on the same machine. We use an HP Zbook laptop running Ubuntu 16.04 LTS with Intel i7-6th-gen processor and 32 GB of RAM. We connected the laptop to an Ettus B210 Universal Software Radio Peripheral (USRP). The USRP is then connected through a duplexer to the transmitting antenna (Figure 1). The band 7 duplexer is used to connect both the RX and TX channels of the USRP to the same antenna. We use an ETS-Lindgren's 3115 double-ridged horn antenna as a transmitting antenna. It is a directional antenna with linear polarization having a gain of 10 dB at 2.5 GHz, and supporting a wide range of frequencies ranging from 750 MHz to 18 GHz.

2) Device Under Test: For the device under test, we use a Nexus 5X smartphone running Android 7. In order to attach the smartphone to the network, we program a SIM card with the necessary authentication parameters that we defined beforehand in the database of OAI. This allows the smartphone to discover and attach to the network.

3) Controlled environment: We perform our experimentation in an anechoic chamber that has a programmable robotic equipment both at the transmission and the reception sides. As shown in Figure 1, the reception platform is a two-axis positioning system that rotates along two axis: ϕ and θ. ϕ can rotate 180 • (from -90 • to +90 • ) whereas θ can make 360 • rotation. The reception and transmission are separated by a distance of 4 meters. The two platforms are connected to a controller system outside the chamber. We can program the rotation of the platforms by defining the rotation range, the step, and the time duration it remains at each orientation.

III. RECEPTION PERFORMANCE OF A SMARTPHONE

We use our experimental setup to evaluate the reception performance of the Nexus 5X smartphone. We first attach the smartphone to the LTE network on band 7 FDD at 2.68 GHz created using OAI. We mount the smartphone on the reception platform as shown in Figure 1 and put it in 684 different orientations in front of the horizontally polarized transmitting antenna, by varying θ from -180 • to +170 • and ϕ from -90 • to +90 • , with a step of 10 • each time. 1 At each orientation, we collect the Received Signal Strength Indication (RSSI) and the smartphone orientation in space from the orientation sensors by making calls to Android APIs. The resulting reception pattern is depicted in Figure 2. As shown, the received power is not uniform across the 684 different orientations.

IV. SMARTPHONE CALIBRATION

In this section, we propose a technique to improve the accuracy of the smartphone measurements which allows using the phone to replace specialized hardware such as a spectrum analyzer for accurate wireless power measurements. We start by measuring the received power at the reception point using a spectrum analyzer. We obtain the reference power to be -54 dBm. In order to increase the accuracy of the smartphone measurements, we use two calibration matrices P and Q. P contains the gain correction (in dB) w.r.t. the reference power in the 684 tested orientations. Q contains these 684 orientations. The matrices P and Q are then embedded inside the smartphone as an Android application 2 . The calibration works as follows. 1 Results for the vertical polarization can be obtained by rotating the transmitting antenna by 90 • along the x-axis. 2 The Calibration matrices P and Q of 7 different smartphone models will be made publicly available for the camera-ready version of the paper. Whenever the smartphone is in a given orientation, we read the raw RSSI power and the device orientation in space. We search in the matrix Q the closest tested orientation. Then, we read from P the corresponding gain correction to be applied. This gain correction is then added to the raw power to obtain a "calibrated" power corresponding to the value that would be measured with a specialized hardware. The calibration process is summarized in Figure 3. We evaluated the calibration technique on 100 random orientations as indicated in Figure 4. The calibrated signal is less variable and very close to the reference power measured with a spectrum analyzer. The rootmean-square error of the RSSI for the 100 random orientation w.r.t the reference power is reduced to 2.4 dBm compared to 6.4 dBm for the uncalibrated signal.

V. CONCLUSION

In this work, we showed how to realize an experimental setup for wireless cellular networks. We used commodity hardware and open-source software to emulate an LTE network.
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 2 Fig. 2. Reception pattern of the smartphone at 684 (19x36) different orientations along ϕ and θ

Fig. 4 .

 4 Fig. 3. Calibration process

The methodology can be applied to study any LTE device and the calibration process is adaptive to the antenna performance.

We demonstrated how this setup can be used to evaluate the reception performance of a commercial smartphone. Then, we showed the feasibility of using a commercial smartphone for wireless power measurement by proposing a calibration technique that improved the accuracy of the measurements from 6.4 dBm to only 2.4 dBm of root-mean-square error 3 .

VI. ACKNOWLEDGEMENT

This work has been supported by the French government, through the UCAJEDI Investments in the Future project managed by the National Research Agency (ANR) with the reference number ANR-15-IDEX-01.