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Input from the TERAPAN Project to the TG3d Call for Contributions to the Response on the Liaison Statement from ITU-R WP1A

1. The TERAPAN-Project
 
TERAPAN is a collaborative project supported by the German Federal Ministry of Education and Research (BMBF) in its VIP (Validating the social and technological Innovation Potential) framework [1,2]. The project started on 1st August 2013 and runs until 31th July 2016.

1.1 Project Goals
The final objectives of the TERAPAN project are to demonstrate an adaptive wireless point-to-point terahertz communication system for indoor environments and in addition to validate its performance for distances of up to 10 m at data rates of up to 100 Gbps.

A first demonstration of mechanical beam-steering at 300 GHz with data rates of more than 10 Gbit/s has been realized [3]. A data rate of 64 Gbit/s has been reported in [4].

The demonstrator is based on 35nm InGaAs/GaAs mHEMT technology with THz cutoff frequencies and is realized in compact realization in waveguide modules. A cost efficient fully integrated 300 GHz transmitter and receiver MMIC (Monolithic Microwave Integrated Circuit) are validated together with beam-steering algorithms, which are required by the necessary highly directive antennas.


1.2 Consortium
Within TERAPAN three partners from Germany have joined their complimentary expertise in millimeter-wave and terahertz high-speed wireless communication systems, namely the University of Stuttgart (UST), the Fraunhofer Institute for Applied Solid State Physics (IAF) and the Technische Universität Braunschweig (TUBS).



2. System Setup
 
The system setup has been presented to IEEE802 in [3]. 
3. Application Scenarios
 
TERAPAN does not aim at a highly specific application scenario but addresses point-to-point links for WPAN-like applications in a rather generic way. Thus, the project focuses on short distances of up to 10 m for indoor use. At least two scenarios have come to mind from the very beginning of the project [1]:
· Smart Offices: Ultra high data rates for a huge number of point-to-point links with high frequency reuse due to the highly directive antennas.
· Wireless Links in Data Centers: Reconfigurable wireless links in addition to the fibre networks provide the opportunity to optimize the routing between certain racks according to the actual traffic demands.
Nevertheless, the TERAPAN demonstrator can in principle also be used in applications like backhaul or fronthaul for cellular mobile networks, if a suitable antenna can be attached.
4. System Characteristics
 
In a first published transmission experiment [4] the following system characteristics haven been demonstrated/distinguished:

A data rate of 64 Gbit/s has been achieved with a simple QPSK modulation over a distance of 2 m at a center frequency of 300 GHz. The symbol rate was limited to 32 Gbaud/s due to the available measurement equipment. Therefore, even higher data rates are probably realizable by slightly increasing either the symbol rate or the modulation order. The transmitted power of approx. -4 dBm has been derived from the measurements, as well as, a noise figure of approx. 6.6 dB at the receiver and the transmitter. In addition a conical horn antenna with a gain of 24.2 dBi has been used at the receiver and at the transmitter. The final system targets at a bandwidth of 50 GHz.

In a previous demonstration [3] mechanical beam steering has been realized with a very similar setup. A demonstration of electrical beam steering with improved MMICs is currently in preparation.
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