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1. Introduction

New wireless standard protocols such as HSPA, larte, WiMax are employing multi-
antennas on both the terminal and base statioes.sidtis technology, called Multi-input Multi-
output (MIMO) enhance system performance especiallya strong multipath and fading
environment. MIMO system performances are stromgpendent on antenna properties and the
channel environment. MIMO and multi-antenna terdsir@annot be reliably tested with the current
Single Input Single Output (SISO) OTA (Over The )Ainethodology [1], [2]. In multi-antenna
communication systems, radio channel charactesigilay an important role and SISO typical
figure of merit do not take into account radio amgircharacteristics, and hence are not suitable for
testing performances of multi-antenna terminals.PBGand COST2100 are looking for a
standardized way for radiated performance tes@hd4], [5], The Spatial Fading Emulation (SFE)
technique relies on an anechoic chamber, antemag, ahannel emulator, where a realistic multi-
path propagation environments can be emulated irarschoic chamber with a number of
transmitting antennas surrounding the device utestr(DUT), all transmitting simultaneously, and
fed by a channel emulator. In this paper, overvigwhe SFE technique for testing multi-antenna
terminals in a multipath and fading environmenpissented. Practical consideration as well as
results of a testing campaign will also be presgnte

2. Measurement Set Up

Multipath and fading characteristics of a reatisgropagation environment requires a
controlled environment, such as an anechoic chamtikra multi-channel fading emulator and an
array of probe antennas surrounding the DUT. Maiiithnel fading emulator includes delay
dispersion, fast fading, path delays, and dopgidt. §he multipath signals are then transmitted to
the DUT via probes. test plan has been proposg] to provide laboratories with a test procedure
to be followed in case the SFE technique will bedug he basic procedure consists in:

» Defining channel models parameters (Winner, SCMVIE(7], [8], [9] standard channel
models can be used)

» Creating channel impulse responses for the mu#trobkl fading emulator

e Calibrating system set up

e Setting up channel models power

* Executing the measurements



Due to the lack of both HSPA/LTE MIMO radio commeatiion testers and test devices, OTA
throughput testing has been performed on a HSDR&goay 9 USB stick, with a 16QAM signal on

the downlink. For the preliminary stage the chammetlels conditions are defined as following: the
proposed test plan implements the SCME TDL (Tagdpeldy Line) in two scenarios, Urban Micro

(UMi), and Urban Macro (UMa) [7]. The angular sptefar both scenarios follows a Laplacian
distribution.

3. Calibration

The goal of the calibration process is to ensdentical responses from each antenna
connected to independent channels (see Fig. 1)calileration process consists on measuring the
total path loss from the input of the channel enauléo the EUT location. Satimo sleeve dipole
with known gain characteristics has been used @&£WT for the calibration. For this purpose, a
one tap constant channel model is used to trangmotugh each probe individually, using the
maximum amplitude in the fading profile. The pracesarts by sending a signal from each probe
sequentially (1,3,5,7,9,11,13,15) to the EUT lodatethe center of the probes. The amplitude and
phase response is then recorded via a VNA (Vecaiwbrk Analyzer), as depicted in Fig. 1. The
weakest signal (higher path loss) will then be eld as the starting point for calibration.
Compensation for the path loss differences is aptishred by adjusting the amplitude and phase
weighting on the channel emulator for each outfdute calibration process ends when the
amplitude and phase adjustments have been storb@ @hannel emulator for each probe.

g‘m and scquisition
I
able

USB eable
Edhemet cable SATIMO
¢ StarLab 15

USBIGPIB control ¢

= Probe 13 "
T X | cimuth rotation
. 0 deg)
o 4 4 e,

— aif Probe 15 Prody
= g -

| e 1

s " @157 deg et

EB PROPSIM C8
LNA
UL signal

Figure 1: SATIMO — SFE calibration setup

Based on the proposed test plan, throughput inneske is measured using three different power
levels (-63dBm, -69dBm, and -75dBm). The power llegéers to the measured power at the center
of the probes when a constant channel model isnmdted via the probes. When testing an HSDPA
device [10], downlink Modulation, fixed referenckamnel and HSDPA physical channel relative
power should be chosen properly [10].

4. Measurement Results

The goal of the testing campaign is to estimageatcuracy of the channel models, and to
validate the reference test setup. A Uniform Lin&emay is used as the EUT. It is comprised of 3

dipoles with a resonant frequency of 2050MHz, spa{cl,éz apart.

First the spatial correlation has been measuredcantpared with theoretical values for angular
spreads of 10° and 35°. It has been observed hieaspatial correlation matches the theoretical
values when the angular spread is equal to 10°teartts to diverge for the higher angular spread of
35°.

Then a feasibility study has been led to undersifa®grobes are sufficient for generating a fiatd

the center of the array with a distribution thatechas the theoretical distribution that would be
obtained from an infinite number of probes (a Be&s®tion of the first kind). A dipole has been

stepped along the X-axis from /2 t0 A/2with 1 cm steps. The impulse responses was recorded



for each step using a VNA. Figure 2 shows the tegiflthe comparison, and good correlation is
observed between the two curves.
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Figure 2: Feasibility region study

Finally tthroughput testintpas been doneith a configuration as shown in Fig. 1, except

that the VNA has been replaced by a radio commtinitatester capable of setting up a
WCDMA/HSDPA call. The downlink channel is set to582(low channel), the fixed reference
channel to H-set 3, and the power of the HSDPA ighyshannel as per the table shown in Table. 9.
The channel model power has been set to -63, r@b;ZdBm. A USB stick (HSDPA category 9)
has been used as the DUT, and placed at the oaintee probes. Throughput testing has been
performed while rotating the DUT with 45° steps.drder to be consistent with the SFE set up
where the probes are located on the phi planechenel models have been rotated on the test
setup, instead of rotating the DUT. In Fig. 3 {leftiroughput versus angle of rotation is showrhwit
both the UMi, and UMa scenarios implemented. Averdgoughput versus channel model power is
shown in Fig. 3 (right). The average has been tatled from the throughput results taken at each
rotation step.
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Figure 3: Throughput Vs rotation angle (left), Thgbput Vs Channel model power (right)

5. Conclusions and Next steps

Attention was dedicated mainly to throughput testiThe results show that the throughput
changes when rotating scenarios, highlighting tpeddence of the DUT performance on the
DUT’s antenna configuration(i.e., radiation pattdapendence).
The feasibility study also shows that 8 probessarficient to generate a field at the center of the
array with a distribution that matches the theoedtdistribution that would be obtained from an
infinite number of probes (a Bessel function of fing kind).
Further studies are planned to compare througlgsuits gathered from different laboratories using
the same SFE technique in order to address accuadyrepeatability of results. The above
assumes all the laboratories are going to follesvtfoposed test plan depicted in the present paper.
Further research is required to investigate thecesfof using both polarizations of the probedn t
multipath environment. In figure 4 StarMIMO is showt is the SATIMO’s commercial solution



based on SFE technique. It can be equipped withoup2 dual polarized probes. Only 8 dual
polarized probes will be used for the round rokiting as it was agreed in 3GPP RAN4 [11].

Figure 4: StarMIMO
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