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1 Introduction
TR skeleton for LTE 450 [1] were agreed in RAN4#64bis. The regulations for 450 MHz band were discussed in [2] ~ [4]. In this contribution we discuss the issues on LTE BS coexistence with TV system. According to current Brazilian channel allocation planning from ANATEL, Class C (ERP 1.6 kW) for analog stations and Class A (ERP 8 kW) for digital stations are considered as example scenarios in the analysis.
2 Discussion
Figure 2-1 shows the LTE 450 spectrum and other system spectrum around 450 MHz in Brazil. When considering the LTE deployment it is needed to study the interference issues from adjacent systems, such as SARC, SLMP, SLP/SLE and analog TV (ATV) or digital TV (DTV) system.
The lower edge of UHF-TV band is 2MHz above the DL band and 12 MHz above the UL band. According to current Brazilian channel allocation planning from ANATEL, Class C (ERP 1.6 kW) for analog stations and Class A (ERP 8 kW) for digital stations are considered as example scenarios in the blocking analysis. The following interference scenarios which may impact BS requirements are considered:
· ATV Transmitter ( LTE BS Receiver (Blocking)
· DTV Transmitter ( LTE BS Receiver (Blocking)

· LTE BS OOBE ( TV Receiver
Figure 2-1: frequency spectrum around 450MHz
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ATV Transmitter ( LTE BS Receiver (Blocking)
The blocking analysis for Class C ATV transmitter to LTE450 BS is shown in table 2-1. Class C ATV transmit power (EIRP) is about 62+2.15 = 64.15 dBm/6MHz = 63.4 dBm/5MHz. The blocking requirement for LTE is -54 dBm for 1 dB desense. Due to UHF-TV band is above the LTE450 down link band, normally the rejection to DL band for RX filter is about 90 dB. Then the required antenna to antenna coupling loss between LTE BS and ATV station is about 33.4 dB, which can be easily achieved.
Table 2-1: Interference analysis for Class C ATV to LTE450 BS
	Item description
	Unit
	Value
	Comment

	Class C ATV transmit power (ERP)
	kW
	1.6
	

	Class C ATV transmit power (EIRP)
	dBm/5MHz
	63.4
	

	LTE receiver blocking requirement（6dB desense）
	dBm/5MHz
	-43
	

	LTE receiver blocking requirement（1dB desense）
	dBm/5MHz
	-54
	

	LTE BS antenna and feeder gain 
	dBi
	12
	

	Reduction in effective antenna gain
	dB
	-6
	


	Attenuation of duplexer
	dB
	90
	

	Required antenna to antenna coupling loss
	dB
	33.4
	


DTV Transmitter ( LTE BS Receiver (Blocking)
The blocking analysis for DTV transmitter to LTE450 BS is shown in table 2-2. Class A DTV station transmit power (EIRP) is about 79+2.15 = 81.15 dBm/6MHz = 80.4 dBm/5MHz. The blocking requirement for LTE is -54 dBm for 1 dB desense. Due to UHF-TV band is above the LTE450 down link band, normally the rejection to DL band for RX filter is about 90 dB. Then the required antenna to antenna coupling loss between LTE BS and DTV transmitter is about 50.4 dB, which can be achieved in real deployment.
Table 2-2: Interference analysis for DTV power to LTE450 BS
	Item description
	Unit
	Value
	Comment

	DTV station transmit power (ERP)
	kW
	80
	

	DTV station transmit power (EIRP)
	dBm/5MHz
	80.4
	

	LTE receiver blocking requirement（6dB desense）
	dBm/5MHz
	-43
	

	LTE receiver blocking requirement（1dB desense）
	dBm/5MHz
	-54
	

	LTE BS antenna and feeder gain 
	dBi
	12
	

	Reduction in effective antenna gain 
	dB
	-6
	


	Attenuation of duplexer
	dB
	90
	

	Required antenna to antenna coupling loss
	dB
	50.4
	


LTE BS OOBE ( DTV Receiver
The interference analysis for LTE450 BS OOBE to DTV receiver is shown in Table 2-3. The allowed interference level in TV receiver is -77-18=-95 dBm/6MHz when analog TV transmitter is the interference source and -77-24=-101 dBm/6MHz when DTV transmitter is the interference source. Using -101 dBm/6MHz as the allowed interference level, the required antenna to antenna coupling loss between LTE BS and DTV receiver is 115 dB. The distance separation estimation for LTE BS interference to DTV receiver is shown in Table 2-4.  Recommendation ITU-R P.1546 was used to estimate the distance separation. It can be found that with 20 dB attenuation from the filter placed in the BS, the distance separation between LTE BS and DTV receivers can be less than 1 km.
Table 2-3: Interference analysis for LTE450 BS OOBE to TV/DTV receiver
	Item description
	Unit
	Value
	Comment

	TV minimum receiver level
	dBm/6MHz
	-77
	ABNT-NBR-15604

	Protection ratio for DTV
	dB
	24
	ABNT-NBR-15604

	Allowed interference level in DTV receiver
	dBm/6MHz
	-101
	

	LTE450 BS maximum transmitted power
	dBm
	43
	

	LTE450 BS ACLR
	dBc
	45
	

	BS unwanted emission in 470~476 MHz
	dBm/6MHz
	-1
	

	TV/DTV receiver antenna and feeder gain 
	dBi
	9
	

	LTE BS antenna and feeder gain 
	dBi
	12
	

	Reduction in effective antenna gain 
	dB
	-6 dB

	

	Required antenna to antenna coupling loss 
	dB
	115
	


Table 2-4: The distance separation estimation for LTE BS interference to DTV receiver
	LTE 450 with filters
	Distance separation

	Distance at 0 dB (km)
	3.9

	Distance at 10 dB (km)
	2

	Distance at 20 dB (km)
	< 1 km


The duplexer evaluation can be found in [5]. It can be found that the duplexer can provide larger than 30 dB rejection at 470 MHz. Hence the emission interference from LTE BS to TV/DTV receiver will not be a problem.
Figure 2-2:  BS Tx filter evaluation
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In conclusion, due to UHF-TV band is above the LTE450 down link band and normally there is large rejection to UHF TV band from BS duplexer, which will help BS receiver to inhibit the blocking of high power TV Transmitter, in the practical deployment the coexistence can be easily achieved for these interference scenarios. Hence no additional blocking requirement is needed for BS receiver. For the case BS OOBE interferes to TV receiver, with certain attenuation from BS duplexer, the emission interference to TV receiver will not be a problem. And since currently there is no regulatory requirement on OOBE for LTE BS coexistence with TV system, it is proposed not to define additional emission requirements for BS transmitter in 3GPP specification at this stage.

3 Proposal
In this contribution we discuss the interference issues on BS coexistence with TV system in UHF band. It is proposed the attached TP approved for LTE450 TR.
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Text Proposal
<Start of TP >
7.1 
Coexistence with existing systems in adjacent spectrum
Figure7.1-1 shows the LTE 450 spectrum and other system spectrum around 450 MHz in Brazil. When considering the LTE deployment it is needed to study the interference issues from adjacent systems, such as SARC, SLMP, SLP/SLE and analog TV (ATV) or digital TV (DTV) system. 
Figure 7.1-1: frequency spectrum around 450MHz
          SARC           SLMP            SLP/SLE   



7.1.2 
BS aspects 
7.1.2.1
BS Coexistence with TV system
The lower edge of UHF-TV band is 2MHz above the DL band and 12 MHz above the UL band. The following interference scenarios which may impact BS requirements are considered:
· ATV Transmitter ( LTE BS Receiver (Blocking)
· DTV Transmitter ( LTE BS Receiver (Blocking)

· LTE BS OOBE ( TV Receiver
The analysis on LTE450 BS coexistence with TV system is presented in Annex A.1. From the investigation we can find that: 
Due to UHF-TV band is above the LTE450 down link band and normally there is large rejection to UHF TV band from BS duplexer, which will help BS receiver to inhibit the blocking of high power TV Transmitter, in the practical deployment the coexistence can be easily achieved for these interference scenarios. Hence no additional blocking requirement is needed for BS receiver. For the case BS OOBE interferes to TV receiver, with certain attenuation from BS duplexer, the emission interference to TV receiver will not be a problem. And since currently there is no regulatory requirement on OOBE for LTE BS coexistence with TV system, it is proposed not to define additional emission requirements for BS transmitter in 3GPP specification at this stage.
<Next section >
Annex A (Informative): 
A.1
Analysis on BS Coexistence with TV system 
The lower edge of UHF-TV band is 2MHz above the DL band and 12 MHz above the UL band. According to current Brazilian channel allocation planning from ANATEL, Class C (ERP 1.6 kW) for analog stations and Class A (ERP 8 kW) for digital stations are considered as example scenarios in the blocking analysis.
ATV Transmitter ( LTE BS Receiver (Blocking)
The blocking analysis for Class C ATV transmitter to LTE450 BS is shown in table A.1-1. Class C ATV transmit power (EIRP) is about 62+2.15 = 64.15 dBm/6MHz = 63.4 dBm/5MHz. The blocking requirement for LTE is -54 dBm for 1 dB desense. Due to UHF-TV band is above the LTE450 down link band, normally the rejection to DL band for RX filter is about 90 dB. Then the required antenna to antenna coupling loss between LTE BS and ATV station is about 33.15 dB, which can be easily achieved.
Table A.1-1: Interference analysis for Class C ATV to LTE450 BS
	Item description
	Unit
	Value
	Comment

	Class C ATV transmit power (ERP)
	kW
	1.6
	

	Class C ATV transmit power (EIRP)
	dBm/5MHz
	63.4
	

	LTE receiver blocking requirement（6dB desense）
	dBm/5MHz
	-43
	

	LTE receiver blocking requirement（1dB desense）
	dBm/5MHz
	-54
	

	LTE BS antenna and feeder gain 
	dBi
	12
	

	Reduction in effective antenna gain
	dB
	-6
	


	Attenuation of duplexer
	dB
	90
	

	Required antenna to antenna coupling loss
	dB
	33.4
	


DTV Transmitter ( LTE BS Receiver (Blocking)
The blocking analysis for DTV transmitter to LTE450 BS is shown in table A.1-2. Class A DTV station transmit power (EIRP) is about 79+2.15 = 81.15 dBm/6MHz = 80.4 dBm/5MHz. The blocking requirement for LTE is -54 dBm for 1 dB desense. Due to UHF-TV band is above the LTE450 down link band, normally the rejection to DL band for RX filter is about 90 dB. Then the required antenna to antenna coupling loss between LTE BS and DTV transmitter is about 50.4 dB, which can be achieved in real deployment.
Table A.1-2: Interference analysis for DTV power to LTE450 BS
	Item description
	Unit
	Value
	Comment

	DTV station transmit power (ERP)
	kW
	80
	

	DTV station transmit power (EIRP)
	dBm/5MHz
	80.4
	

	LTE receiver blocking requirement（6dB desense）
	dBm/5MHz
	-43
	

	LTE receiver blocking requirement（1dB desense）
	dBm/5MHz
	-54
	

	LTE BS antenna and feeder gain 
	dBi
	12
	

	Reduction in effective antenna gain 
	dB
	-6
	


	Attenuation of duplexer
	dB
	90
	

	Required antenna to antenna coupling loss
	dB
	50.4
	


LTE BS OOBE ( DTV Receiver
The interference analysis for LTE450 BS OOBE to DTV receiver is shown in Table A.1-3. The allowed interference level in TV receiver is -77-18=-95 dBm/6MHz when analog TV transmitter is the interference source and -77-24=-101 dBm/6MHz when DTV transmitter is the interference source. Using -101 dBm/6MHz as the allowed interference level, the required antenna to antenna coupling loss between LTE BS and DTV receiver is 115 dB. The distance separation estimation for LTE BS interference to DTV receiver is shown in Table A.1-4.  Recommendation ITU-R P.1546 was used to estimate the distance separation. It can be found that with 20 dB attenuation from the filter placed in the BS, the distance separation between LTE BS and DTV receivers can be less than 1 km.
Table A.1-3: Interference analysis for LTE450 BS OOBE to TV/DTV receiver
	Item description
	Unit
	Value
	Comment

	TV minimum receiver level
	dBm/6MHz
	-77
	ABNT-NBR-15604

	Protection ratio for DTV
	dB
	24
	ABNT-NBR-15604

	Allowed interference level in DTV receiver
	dBm/6MHz
	-101
	

	LTE450 BS maximum transmitted power
	dBm
	43
	

	LTE450 BS ACLR
	dBc
	45
	

	BS unwanted emission in 470~476 MHz
	dBm/6MHz
	-1
	

	TV/DTV receiver antenna and feeder gain 
	dBi
	9
	

	LTE BS antenna and feeder gain 
	dBi
	12
	

	Reduction in effective antenna gain 
	dB
	-6 dB

	

	Required antenna to antenna coupling loss 
	dB
	115
	


Table A.1-4: The distance separation estimation for LTE BS interference to DTV receiver
	LTE 450 with filters
	Distance separation

	Distance at 0 dB (km)
	3.9

	Distance at 10 dB (km)
	2

	Distance at 20 dB (km)
	< 1 km


The duplexer evaluation can be found in Clause 7.2. It can be found that the duplexer can provide larger than 30 dB rejection at 470 MHz. Hence the emission interference from LTE BS to TV/DTV receiver will not be a problem.
<End of TP >
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