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ABSTRACT
The PR20 PERSONAL RADIOCOMMUNICATION SYSTEM operates in 2.4 GHz frequency band using proprietary spread spectrum waveform optimized for complex radio-communication environment - combination of time hopping, frequency hopping and OFDM (Orthogonal Frequency Division Multiplex). Designed for operation within nets of up to 30 nodes allows full duplex communication in ad-hoc digital networks with no additional infrastructure required. Automatic rebroadcasting (packet routing), space diversity transmission and reception (two transmitters and two receivers in each radio), high speed data transmission, long battery life and relaying  to higher level network are standard features. This paper reports about trial confirming assets of space diversity.

1. Preface

PR20 is a short range radio communication system for a unit up to 30 persons. It provides full duplex voice and data conference communication. The system works in the 2.4GHz band without any supporting infrastructure. It is optimized for operation in complicated indoor and urban propagation environment.

2. Concept of the System

The system can be characterized as a packet oriented mobile ad-hoc network (MANET) with flat architecture. It uses a proprietary protocol based on a proactive source routing and a group management with low latency packet exchange. The network layer handles an arbitrary ad-hoc group topology with up to 2-hops relaying, transparently providing the full duplex conference service to all group members. The group management algorithms can handle any form of group split/join situation.

The radio channel multiple-access employs a time hopping technique supplemented by a simple frequency hopping. The time division based approach makes possible to process received signal in extremely high dynamic range. It is a typical problem of personal communication system with several local-range (down to30cm) and several long-distance (upto1000m) connections being serviced simultaneously.

The packets are being sent in short bursts. Even during the voice relation, the transmitter is active only for 0.3% of time thus the resulting average EIRP is as low as 0.7 mW. It is important from the point of view of low probability of the signal intercept.

3. MIMO 2 x 2 - OFDM Physical Layer

The physical layer of the protocol is designed for operation in complicated indoor and urban dispersive propagation environment. The communication reliability is one of the main design targets. It is reflected by the diversity utilization. The PR20 transceiver is equipped by two antennas separated by 6 centimeters and two transmitters and receivers. The MIMO (Multiple-Input Multiple-Output) physical layer is based on space-time coded OFDM with the full diversity order. The channel coding (STC-OFDM), all auxiliary signal processing (synchronization), and air-interface framing layer use diversity in temporal, frequency and spatial dimensions. The air-interface format is also designed for a rapidly changing channel.
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Fig. 1: MIMO 2 x 2

4. Indoor Communication Performance Trial

The indoor trial supposed to demonstrate the advantages of the MIMO diversity was performed in a large basement area. The first station was permanently situated at location 0. The second station moved through the locations 1, 2, ..., 10 (See Fig. 2 and 3). At each of these locations packet error rate was measured for 1 minute. First, this test was performed with the complete MIMO system. After that, the system was degraded to SISO (Single-Input Single-Output) one, i.e. one of the antennas was disabled in both the stations and the packet error rates were measured again.
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Fig. 2: Trial area plan
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Fig. 3: Trial environment
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Fig. 4: Trial results

Conclusions

The reference MIMO setup demonstrates that the propagation path loss increases with the distance of the location. The results show low monotonic performance degradation even in a complex multipath and non-line-of-sight environment. On the other side, the SISO system is substantially degraded in the same environment due to a lack of spatial diversity. The degradation is clearly location specific and not related to the link power budged.
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