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1 Introduction

The purpose of this report is to evaluate coexistence between the TV Broadcast Services alloted in UHF band (470 MHz up to 746 MHz) and the LTE broadband wireless systems operating in 451 – 468 MHz band [1], based on the analysis of potential interference scenarios.  

There are four possible interference scenarios between the aforementioned systems presented on Figure 1: Type A, Type B, Type C and Type D. For Types A and B, the TV broadcast transmitter is the source of interference to the E-UTRA system. In the other hand, Types C and D represent scenarios where the E-UTRA system is the source of the interference to the TV receiver. This report is focused on scenarios A and B where E-UTRA is susceptible to the interference.
Since the TV Channel 14 is the closest one to the E-UTRA band, all interference analysis is based on a worst case scenario assumption. 
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Figure 1 - Adjacent Services to the LTE alloted band in 450 MHz band where U/L is the LTE uplink band and the D/L is the LTE downlink band [1].

2 Discussion

2.1 Main Technical Specifications, Scenarios, Models and Hypotheses 

2.1.1 TV transmitter emissions masks

The classes of TV stations are presented on Table 1 [2]. Emission masks for TV stations mandated by the Brazilian regulatory body (Anatel) for digital TV (DTV) [3] are summarized in Table 2 for TV stations operating in UHF band.
Regarding DTV, three transmission masks (non-critical, sub-critical and critical) [4] are presented on Figure 2. Its usage is conditioned to the station power, installation conditions and spectrum allotted to other nearby stations as given in [4].
Table 1 - Maximum effective radiated power (ERP) for TV stations in UHF band.

	Class
	Digital TV (ERP)

	Special
	80 kW

	A
	8 kW

	B
	0.8 kW

	C
	0.08 kW


Table 2 - Spurious emission mask for digital TV transmitters (DTV) in UHF band, where fc is the channel center frequency.

	Frequency range 
	30 MHz up to (fc-15) MHz and (fc+15) MHz up to 2 GHz

	Out of band spurious mask for high power transmitters  (Power > 25W)
	- 60 dBc, limited to 20 mW.

	Out of band spurious mask for low power transmitters  (Power < 25W)
	25 uW
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Figure 2 – Transmitter mask for DTV transmitter [3].

Using the specified mask for a DTV station operating on UHF Channel 14 (fc = 473 MHz) yields the mask presented on Table 3.
Table 3 - Transmitter mask for DTV transmitter on Channel 14.
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Since the non-critical mask allows a higher level of spurious from the source what leads to a higher level of interference imposed to the victim (scenarios type A and B), for the sake of simplicity this will be the mask assigned for all DTV stations, considering a worst case scenario analysis. 
2.1.2 TV Channel allocation planning over the Brazilian territory

Considering the allocation planning of TV channels in Brazil for digital TV [2], the distribution of channel 14 for DTV stations is presented on Table 4.  
Table 4 - Number of DTV stations allocated on channel 14 per its class.
	CLASS
	CH 14
	Notes

	Special
	1
	Curitiba (Parana State Capital)

	A
	11
	

	B
	17
	

	C
	10
	

	Non-standard
	1
	0.158 kW


There is only one special class station located on a State Capital and far from rural areas, which will thus be neglected in this analysis. Since the distribution of stations belonging to classes A, B, C is similar, the worst case scenario will be considered resulting in Class A 8kW ERP (+69 dBm) as the typical station class in this report.

The emission mask of these aforementioned stations is presented on Figure 3.
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Figure 3 – Class A DTV station emission mask.

As can be seen on Figure 3, it was assumed an LTE system with 5 MHz bandwidth leading to the downlink channel centered on 464.5 MHz. This mask can be extended over the uplink channel (centered on 454.5 MHz) yielding an ERP of -14.8 dBm due the 6 MHz to 5 MHz bandwidth adjustment.

2.1.3 LTE 450 MHz Main Technical Requirements

For the subsequent interference analysis the technical requirements on frequency band regulation [5] and 3GPP technical specifications [6],[7] are considered.
2.1.3.1 Maximum Effective Radiated Power for LTE System

Based on the current regulatory scenario [5],[11], systems operating on the allotted spectrum bands 451 – 458 MHz and 461 – 468 MHz shall have a maximum effective radiated power (ERP) of +48 dBm (Base Station) and +30 dBm (User Equipment) .
2.1.3.2 Base Station Radiating System

For the Base Station any polarization can be used and single or array antennas can be employed. 

If the system is deployed on a location with more than 100.000 inhabitants, each sector cell can have at most a 120º beamwidth.

For this analysis an antenna with 10 dBi will be considered with an additional cable loss of 2 dB yielding 8 dBi radiating system gain. 

2.1.3.3 Base Station Receiver Characteristics

A Wide Area Base Station receiver shall meet the requirements given in [6]. So far the current standard 3GPP bands for LTE FDD technology (uplink and downlink bands) are at least 10 MHz wide and TX-RX separation is at least 30 MHz.

However, the current channelization for 450 MHz band is more stringent since it is only 7 MHz wide with a TX-RX separation of only 10 MHz. Thus the current 3GPP specifications for adjacent channel selectivity (ACS) and in-band blocking (BLQ) need to be evaluated, given that the duplexer of the Base Station shall be designed in order to minimize the BS transmitter to receiver self-blocking. 

Considering the in-band blocking due to the interferer from TV channel 14 (fc = 473 MHz), the required offset is at least +80 dB, since this is the minimum expected upper side rejection of the duplexer RX filter, in order to avoid self-blocking of the BS transmitter. This is shown in Figure 4, which corresponds to an example of performance measurement of the RX section of a 6 cavity BS duplexer with center frequencies of 454.5 MHz (RX) and 464.5 MHz (TX).
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Figure 4 – Example of 6 cavity duplexer RX filter frequency response, 5 MHz bandwidth and center frequency of 454.5 MHz (uplink).

Since the 3GPP in-band blocking interferer is specified as -43 dBm [6], and the duplexer offset is +80 dB for 450 MHz band, the interferer blocking limit used in the analysis is +37 dBm.

2.1.3.4 UE Receiver Characteristics

The UE receiver shall meet the requirements as specified by 3GPP [7], in their items 7.3.1 (reference sensitivity) and 7.6.1 (in-band blocking). 

Reference Sensitivity (PREFSENS) was assumed to have same value of Band 13 resulting PREFSENS = -97 dBm and UE in-band blocking = -56 dBm.

2.1.4 Digital TV Receiver Specifications

The main specifications for an ISDB-T DTV receiver [8]-[10] are:

· Antenna polarization: horizontal or vertical;

· Antenna gain: 7 dBi (rooftop type);

· Antenna beamwidth: +/- 20o ; 
· Receiver sensitivity: -70,6 dBm;

· Protection ratio (TV signal / Interferer) in UHF band:

· co-channel: +24 dB;

· adjacent (lower side): -26 dB;

· adjacent (upper side): -29 dB;

· Intermediate frequency filtering:

· Center frequency: 44 MHz

· Bandwidth: 6 MHz
It is possible to consider that for both LTE signals in uplink and downlink bands, the IF filter rejection is approximately the same and better than 50 dB (Figure 5). It is expected, therefore, that the protection ratio between LTE signals and television signals on channel 14 will be better than or equal to the specified for the lower adjacent channel that is -26 dB.
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Figure 5 - Typical attenuation X frequency SAW TV IF Filter response

2.1.5 Propagation Model

The ITU-R recommendation P-1546-1 [11] presents a method for point-to-area prediction for terrestrial services in the frequency range of 30 MHz to 3 GHz. Based on the regular terrain plots, for E(50:50) statistics, considering a transmitter antenna height of 150m above the average ground altitude, a receiver antenna gain of 0 dBi and the path attenuation interpolated for 470 MHz in non-line-of-sight environment, the Path Loss can be calculated in dB by equation 
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where dm is the distance between antennas in meters.

Equation (1) was adjusted (γ = 2.462) to fit the ITU-R plots for distances between 1 km and 50 km. For distances lower or equal than 1 km, the line-of-sight model based on Friis equation (γ = 2), presented on (2), will be used for path loss calculation.
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Equations (1) and (2) will be used in order to derive the protection distance between the interferer source and the victim in a coexistence point of view. At first the line-of-sight equation (2) will be used, and if the resulting distance is out-of-range of its validity interval, then the non-line-of-sight equation will be used, limited to a minimum protection distance of 1 km.
2.2 Hypotheses Summary

Table 5 – Hypotheses for interference analysis based on previous sections.
	Hypothesis
	Assigned Value

	Maximum TV station ERP
	+69 dBm

	TV ERP spurious over LTE downlink/uplink
	-14.8 dBm

	Base Station maximum ERP [5]
	+48 dBm

	UE maximum ERP [5]
	+30 dBm

	Maximum BS In-band Blocking Allowed Interferer (BLQ Limit)
	+37 dBm

	Maximum UE In-band Blocking Allowed Interferer (BLQ Limit)

(In-band blocking Case 1 [7])
	-56 dBm

	BS Antenna Gain (Antenna gain – Cable Loss)
	+8 dBi

	UE Antenna Gain (Antenna gain – Cable Loss)
	+8 dBi

	DTV Receiver Sensitivity [8]
	-70.6 dBm

	DTV Receiver Co-Channel Protection Ratio [8] 
	+24 dB

	DTV Receiver Lower Adjacent Channel Protection Ratio [8]
	-26 dB

	Base Station Reference Sensitivity PREFSENS
(Table 7.2.1-1: Wide Area BS reference sensitivity levels [6])
	-101,5 dBm

	UE reference sensitivity PREFSENS
(Table 7.3.1-1: Reference sensitivity QPSK REFSENS - Band 13 [7])
	-97 dBm


2.3 Interference Scenarios
2.3.1 Type A (source: TV station; victim: E-UTRA Base Station)

1. The interferer source is a single DTV station operating on channel 14 (UHF), with fc = 473 MHz, bandwidth of 6 MHz, signal ISDB-T; 

2. TV station is located on a elevated point nearby the urban area of a small city;

3. Both TV station and Base Station azimuthal radiation patterns will be assumed omnidirectional for the sake of simplicity;

4. Base Station antenna gain is assumed 10 dBi and cable loss is 2 dB what yields 8 dBi overall gain.

2.3.2 Type B (source: TV station; victim: E-UTRA UE)

1. The interferer source is a single DTV station operating on channel 14 (UHF), with fc = 473 MHz, bandwidth of 6 MHz, signal ISDB-T; 

2. TV station is located on a elevated point nearby the urban area of a small city;

3. TV station azimuthal radiation pattern will be assumed omnidirectional for the sake of simplicity;

4. UE Antenna gain is assumed 10 dBi, outdoor rooftop installed, front-to-back ratio of 23 dB with cable loss of 2 dB what yields 8 dBi gain.

2.4 Interference Modeling
For each interference scenario (A and B), two interference mechanisms leading to receiver sensitivity degradation were analyzed: blocking and co-channel interference. 

For blocking, the main receiver parameter was the maximum in-band blocking interferer allowed (BLQ limit) which leads to a certain level of sensitivity degradation (as per 3GPP). 

In the other hand, for co-channel interference, the maximum co-channel interferer allowed (CC limit) was calculated in order to obtain a maximum reference sensitivity degradation (desense) of 2.3 dB for UE and 1.0 dB for BS, considering a total Noise Figure of 9 dB for the receiver. This corresponds to assign CC limit = PREFSENS – 3 dB.
The necessary path loss for protection was calculated considering the source interferer power (radiated) Ptx, the maximum allowed interferer at the receiver input Prx and the receiver antenna gain G.
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2.4.1 Type A (TV > Base Station)
Figure 6 shows the Type A interference model. The co-channel interference is predominant and yields a protective radius of 5 km between the TV station (interfering) and Base Station (victim), when the LOS model is used. Since the LOS model yields an out-of-range distance value, and the NLOS model yields a distance of ~1 km, the protection radius was established in 1 km.
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Figure 6 - Type A interference model.

2.4.2 Type B (TV > UE)
Figure 7 shows the Type B interference model. In this case the blocking is predominant. Considering Case 1, for a maximum UE In-band blocking allowed interferer (BLQ Limit) of -56 dBm [7], the minimum protection radius (d) is ~27 km, while for a BLQ Limit of -28 dBm, the protection radius is at least 2 km. Therefore, the appropriate values for d and BLQ Limit strongly depend on the deployment conditions, and the devices shall be designed accordingly in order to attend such scenarios.
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Figure 7 - Type B interference model.
The protection radius can be made smaller if a higher value is assigned to the in-band blocking as per Table 6.

Table 6 - Protection distance for different values of in-band blocking interferer specification.

	BLQ Limit [dBm]
	d [km]

	-56
	27.4

	-54
	22.8

	-52
	18.9

	-50
	15.7

	-48
	13.0

	-46
	10.8

	-44
	8.9

	-42
	7.4

	-40
	6.1

	-38
	5.1

	-36
	4.2

	-34
	3.5

	-32
	2.9

	-30
	2.4

	-28
	2.0


3 Conclusion
In this report the coexistence analysis of DTV transmitters (operating on channel 14 of the UHF band) and LTE operating in the band 450-470 MHz was presented.
Considering a coexistence scenario between an E-UTRA BS and a DTV station, it was found that the coexistence is possible for a protection distance of, at least, 1 km between the TV station and the BS.
Considering the UE blocking scenario, it is necessary to analyze the receiver implementation possibilities in face of the state-of-the-art, thus the protection radius will depend on the feasible maximum allowed interferer value for a  sensitivity degradation, as well as on the deployment scenario.
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