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1. Introduction

Chapter 11 of ECC Report no. 159 identifies a list of areas requiring further studies among which it is mentioned the protection of services in the bands adjacent to 470-790 MHz.

In this work the coexistence of WSD and TETRA/PMR (TErrestrial Trunked Radio/Private Mobile Radio) systems operating in the 450-470 MHz band is investigated in terms of performance degradation, due to the potential interference of WSDs operating in the adjacent band. The TETRA system variant with a channelization of 25 kHz is considered. Coexistence evaluations are conducted through a Monte Carlo approach, assuming WSDs and TETRA operate over the same area. The effect of overloading (i.e. cumulative interference generated by multiple WSDs) is also investigated.

2. Considered scenario

A TETRA mobile network operating over a certain area has been considered: 54 TETRA base stations deployed in a regular hexagonal layout have been taken into account considering a cluster size equal to 7. In order to avoid border effects, only the innermost 15 base stations have been analysed and, in the identified area, it is assumed that a WSD network is deployed for applications such as wireless access (see Figure 1). The total number of the WSDs, acting as access points (APs) is determined through propagation considerations with the assumptions in Table 2.

The TETRA system and the WSDs operate in adjacent bands. Because of the channel arrangement of the 450-470 MHz band, the TETRA downlink has been considered, whereas WSDs are assumed to operate immediately above 470 MHz, with 5 MHz channel bandwidth. Performance degradation is assessed considering both wanted and unwanted power at the TETRA receivers, whose positions are randomly generated by means of a Monte Carlo simulation.
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Figure 1.   Cellular layout (different colours are used for different frequencies). 
In the inner part of the area several operating WSDs have been assumed.
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Figure 2.   Simulated interference scenario.

In Table 1 the main simulations parameters are listed, with special reference to the TETRA network. It has to be particularly noted that ACLR relevant to TETRA is derived from [1] and is reported in the following Figure 3:
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Figure 3 – TETRA UE receiver mask

In Table 2, parameters chosen for WSDs are highlighted. As already mentioned, the total number of WSDs present in the considered area has been determined assuming the WSD UE characteristics in Table 2: considering for the WSD-UE a sensitivity equal to -97 dBm, it is possible to proceed with link budget considerations and derive the total number of WSD-AP. In particular 35 WSD-AP have been considered with a cell radius of 1.94 km. The WSD Spectrum Emission Mask (SEM) employed for coexistence evaluations has been derived from [3] and it is assumed equal to SEM for LTE base stations (see Figure 3). The employed propagation model is the Extended-Hata model.

	Table 1. Main simulation parameters

	Cell radius
	5 Km

	Simulation area
	60x48 Km2

	Operating frequency
	469.9875 MHz

	Total number of base stations (BSs)
	54

	Number of TETRA BSs in central area
	15

	Cluster size
	7

	BS antenna height
	30 m

	BS antenna gain
	12 dB

	BS transmitted power
	28 dBm

	Number of User Equipments (UEs) generated for each Monte Carlo simulation
	200

	  UE antenna height
	1.5 m

	UE Tx antenna gain
	0 dB

	UE transmitted power
	27.5 dBm


	Table 2. WSD Characteristics

	WSD - Access point

	Transmitter power
	33 dBm

	Antenna height
	10 m

	Antenna pattern
	Omnidirectional in azimuth

	Antenna gain
	9 dBi

	Operating frequency
	472.5 MHz

	Total number or WSDs
	35

	WSD - UE

	Antenna gain
	0 dBi

	Antenna height
	1.5 m

	Antenna pattern
	Omnidirectional in azimuth

	Sensitivity
	-97 dBm
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Figura 3.   Spectrum Emission Mask of a 5MHz WSD access point.

3. Assessment of the performance degradation of TETRA

The proposed methodology to assess potential harmful impact of WSDs versus TETRA is based on Monte Carlo simulations, where TETRA receivers are randomly generated inside the simulation areas. Link budget considerations allow the evaluation of performance degradation for TETRA.
For the correct operation of TETRA receivers, requirements specified in [1] e [2] must be satisfied. These requirements are given in terms of C/Ic (signal to co-channel interference ratio), C/Ia (signal to adjacent channel interference ratio) and TETRA receiver blocking. Numerical values are reported here below:

· minimum C/Ic =19 dB;

· minimum C/Ia = -40 dB;

· receiver blocking= -40dBm.

Co-channel interference (Ic) includes both intra system interference and interference originated from WSDs, whereas adjacent channel interference is specifically referred to the first 25 kHz adjacent channels below and above the TETRA in-band receiver. Finally, requirements on receiver blocking must be met considering the interference generated by WSDs in all the adjacent channels beyond the first; the cut off depends on the TETRA receiver mask. 

4. Simulation results

In order to gather information on the overloading effect of WSDs for the protection of TETRA system, Monte Carlo simulations have been performed varying randomly the number of active WSDs (transmitters ON): all, one half, 1/5 and 1/12.
Simulations have highlighted that the most stringent constraint is represented by the requirement in terms of C/Ic, as can be noticed from Table 3, where the estimated outage is values of the CDF are reported for all the three parameters (C/Ic, C/Ia and receiver blocking). The overloading effect is also visible.

	Table 3. Simulation results

	Minimum required value
	Estimated outage for TETRA receivers (%)

	
	All transmitters ON
	Half of the transmitters ON
	One fifth of the transmitters ON
	One twelfth of the transmitters ON

	C/Ic=19 (dB)
	1.16%
	0.87%
	0.67%
	0.56%

	C/Ia=-40 (dB)
	negligible
	negligible
	negligible
	negligible

	Receiver blocking=-40 (dBm)
	negligible
	negligible
	negligible
	negligible


As can be noticed the presence of WSD transmitters on TETRA mobile receivers is negligible, only when all WSD transmitters are ON a 1% of TETRA mobile receivers are out of service. This is mainly due to the high value of selectivity of receiving filter chosen for TETRA mobile receivers, to high value of ACLR (Adjacent Channel Leakage Ratio) of White Space transmitters (see Figure 3 for SEM), and of the narrow bandwidth (25 kHz) characterizing TETRA mobile receivers, which is very small with respect to 5 MHz bandwidth of White Space transmitters.

5. Conclusions

In this document a theoretical interference analysis from “White Space” transmitters, allocated in the adjacent 470 MHz band, on TETRA mobile receivers has been proposed. The obtained results show that with the adopted planning for the mobile network, the chosen parameters for both system and the considered transmission and receiving masks, all requirements for not interfering mobile system, are widely met.

These results are due to the high selectivity of receiving filter used for TETRA mobile receivers, to high value of ACLR (Adjacent Channel Leakage Ratio) of White Space transmitters (see Figure 3 for SEM), and of the narrow bandwidth (25 kHz) characterizing TETRA mobile receivers, which is very small with respect to 5MHz bandwidth of White Space transmitters.
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