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[bookmark: _Toc380056496][bookmark: _Toc380059747][bookmark: _Toc380059784][bookmark: _Toc478403113]Executive summary
This report aims at analysing the impact of introducing LTE technology for PMR, PAMR, and MFCN (with channel bandwidth of 1.4 MHz, 3 MHz and 5 MHz) within the 410-430 MHz and 450-470 MHz sub-bands based on 3GPP Release 12. Further it aims to analyse Broadband PPDR in the band 410-430 MHz with a view to give protection to radiolocation and radioastronomy services. Compatibility studies between LTE based PPDR systems at 410-430 MHz and 450-470 MHz and others services were carried out in ECC Report 240.   
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1. [bookmark: _Toc478403167]LTE400 impact on DTT reception above 470 MHz
[bookmark: _Toc452988548][bookmark: _Toc453675479][bookmark: _Toc478403168][bookmark: _Toc452988550][bookmark: _Ref429747839]Frequency allocation
For this study, LTE uplink band is starting at 452.5 MHz and downlink band at 462.5 MHz as illustrated by the following Figure 41. The basis is LTE Band 31.
[image: ]
[bookmark: _Ref453669034]Figure 41: Illustrative frequency allocation of the 450-470 MHz
[bookmark: _Toc478403169][bookmark: _Toc453675480]LTE400 BS into DTT 
[bookmark: _Toc452988551][bookmark: _Toc453675481][bookmark: _Toc478403170]Fixed DTT Reception
Studies on the protection of DTT above 470 MHz from LTE BS in the 450 – 470 MHz range were carried out in ECC Report 240 section 3.5.3.1 (Minimum Coupling Loss) and 3.5.1.4 (Monte Carlo).
Especially for the Monte Carlo simulations the absolute level of the interference probability is likely to be different. However, using the same method of interpreting the results, the same conclusion can be drawn.
In particular, the following text, quoted from ECC Report 240 related to PPDR Base station impact on DTT above 470 MHz, applies to LTE450 base station impact to DTT above 470 MHz:
"The results of the theoretical co-existence analyses with DTT demonstrate interferences from the PPDR LTE400 system to DTT reception when the PPDR system is adjacent in the frequency domain to the lower DTT Channel, i.e. Channel 21. Nevertheless, the risk of interference can be reduced by at a set of technical measures including a guard band of up to 3 MHz between DTT and PPDR BSs and an appropriate limit of the corresponding PPDR BS out-of-band emissions. Furthermore additional mitigation measures may be required to solve possible residual interference from PPDR BSs on a case by case basis in a manner similar to the situation between LTE800 and DTT". 
LTE 400 Base Station OOBE e.i.r.p. levels for protection of DTT above 470 MHz are given in Table 16 below. 
[bookmark: _Ref453668855]Table 16: PPDR 400 Base Station OOBE e.i.r.p. levels for protection of DTT above 470 MHz

	Frequency range
	Condition on Base station in-block e.i.r.p,
P (dBm/cell)
	Maximum mean OOBE e.i.r.p (dBm/cell)

	Measurement bandwidth

	For DTT frequencies above 470 MHz where broadcasting is protected
	P ≥ 60
	-7
	8 MHz

	
	P < 60
	( P – 67 )
	8 MHz


It should be noted that these levels will not remove interference into DTT in all cases. This is similar to LTE in 800 MHz. In such a case additional mitigation techniques will need to be applied. For a list of possible mitigation techniques see ANNEX 2: (list of mitigation measures).

[bookmark: _Toc452988552][bookmark: _Toc453675482][bookmark: _Toc478403171]Portable DTT Reception
Studies carried out for compatibility between LTE800 and portable DTT reception concluded that portable DTT reception is less susceptible to interference from base stations[footnoteRef:1]. Additional studies are not required. If fixed DTT reception is protected from base station interference, portable DTT reception is automatically protected. [1:  See ”A2.4. Conclusion” of Annex 2 of CEPT Report 30] 

[bookmark: _Toc452988553][bookmark: _Toc453675483][bookmark: _Toc478403172]LTE400 UE into DTT
[bookmark: _Toc452988554][bookmark: _Toc453675484]ECC Report 240 considered LTE UE unwanted emission level of -42dBm/8MHz as this level was initially agreed for the protection of DTT below 694MHz from UE emissions above 703MHz. Furthermore, ECC Report 240 concluded that Monte-Carlo simulations demonstrated limited interferences to DTT for high power UE (37 dBm) with improved ACLR (79 dB, i.e. OOBE of -42 dBm / 8 MHz) in Channel 21.
[bookmark: _Toc478403173]UE out-of-band emissions level to protect fixed DTT reception based on MCL calculations
The UE out-of-band emissions level necessary to protect a TV receiver using a fixed rooftop antenna from interference from a UE located outdoors is established calculated in the following chapters using a MCL analysis. 
In some studies, the effect of body loss was taken into account for the LTE UE by an additional attenuation of 4 dB (taken from Report ITU-R M.2292), in order to simulate e.g. handheld devices (mobile terminals). In other studies, this effect was not applied in order to simulate devices not used very close to the human body, e.g. Wifi Routers or nomadic installations.
[bookmark: _Toc452988555][bookmark: _Toc453675485][bookmark: _Toc478403174]Assumptions (fixed reception)
The following assumptions have been used in the analysis of the out-of-band emissions level needed to protect fixed DTT reception.
Table 17: TV receiver parameters
	TV Receiver

	Parameter
	Value
	Unit

	Noise figure
	6
	dB

	Noise equivalent bandwidth
	7.6
	MHz

	Antenna gain (including feeder loss)
	9.15
	dBi

	Antenna height
	10
	m

	Antenna pattern
	See pattern below



Note that the same directional pattern is used both in azimuth and elevation, i.e., the curves represent g,(TV)() or g,(TV)() where  and  are azimuth and elevation offsets from bore sight.
[image: ]
Figure 42: TV receiver antenna pattern

Table 18: LTE UE transmitter parameters
	UE Transmitter

	Parameter
	Value
	Unit

	EIRP (max)
	23
	dBm/(5 MHz)

	Antenna height
	1.5
	m

	Antenna pattern
	Omni-directional



Table 19: General parameters
	UE Transmitter

	Parameter
	Value
	Unit

	Frequency
	455
	MHz


In some studies, the effect of body loss was taken into account for the LTE UE by an additional attenuation of 4 dB, in order to simulate e.g. handheld devices (mobile terminals). In other studies, this effect was not applied in order to simulate devices not used very close to the human body, e.g. broadband wireless terminals and mobile TV receivers.
[bookmark: _Toc452988556][bookmark: _Toc453675486][bookmark: _Toc478403175]Methodology
A MCL analysis is used for evaluating the impact of adjacent-channel interference from UEs to DTT receivers. The situation is considered where the DTT signal is received at the reference sensitivity level, the worst case separation distance between the TV antenna and the UE is established, accounting for both the path-loss and the elevation pattern of a typical TV antenna, and the out-of-band emissions level which would result in a 1 dB desensitization of the TV receiver is then evaluated.
It is assumed that the TV antenna is roof mounted (at a height of 10 m) and that the UE is outdoors (at a height of 1.5 m).

[image: ]
Figure 43: Overview of the MCL analysis
[bookmark: _Toc452988557][bookmark: _Toc453675487][bookmark: _Toc478403176]Worst-case UE to TV antenna horizontal separation distance
The worst-case UE to TV antenna horizontal separation distance is established by considering both the path-loss between the UE and the TV antenna and the elevation pattern of the TV antenna.
For the path-loss the free-space model is used together with the TV antenna elevation pattern from ITU-R BT.419-3 [11], see below.
The path gain between the UE and the TV receiver is calculated as follows:


where:
GPG,(UE,TV)	= Path gain (dB), between UE and TV receiver;
GPL,(UE,TV)	= Path-loss (dB), calculated using the free-space model;
GA,(TV) 		= TV antenna bore-sight gain (dB), including cable losses (9.15 dB);
gφ,(TV)δφ	= TV antenna elevation gain (dB).

[image: ]
Figure 44: Pathloss of the MCL analysis
As can be seen, the worst-case occurs at a horizontal separation distance of 22 m, where the total coupling gain between the UE and the TV receiver is 44.3 dB.
[bookmark: _Toc452988558][bookmark: _Toc453675488][bookmark: _Toc478403177]Out-of-band emissions calculation
Having established the total path gain for the worst-case horizontal separation between the UE and TV antenna, the out-of-band emissions needed to meet the 1 dB desensitisation criteria is calculated.
The noise power (PN) at the TV receiver is given by:


where:
k	= Boltzmann’s constant 
T	= Temperature (290 °K)
B	= Noise equivalent bandwidth of the TV receiver (7.6 MHz)
NF = DVB-T2 receiver noise figure (6 dB)
For a 1 dB desensitisation, the target interference level is:


The interference power in the TV receiver adjacent channel is calculated from a combination of the UE in-band power (23 dBm) and the total path gain (including 4 dB body loss at the UE) at the worst-case distance as follows:


From the above the adjacent-channel interference ratio (ACIR) can be established as follows:


Without body loss (e.g. for a broadband wireless internet terminal) this would be 83.74 dB.
ACIR is related to the adjacent channel selectivity (ACS) of the victim and to the adjacent-channel interference ratio (ACLR) of the interferer via the following expression (linear units):


ACS of the DTT receiver without additional filter is 70 dB.
However, with an assumption about reasonable improvement in TV receiver ACS by means of additional external filtering in the antenna down lead it can be concluded that an ACS figure of 80 dB or better is achievable. Also measurement as reported in ECC Report 240 showed that 80 dB is achievable with current receiver design. 
Thus for the purposes of this calculation an ACS value of 80 dB has been used.


Thus for a UE transmitting at 23 dBm EIRP the out-of-band emissions will be:


This value can be rounded to -70 dBm /8 MHz. This means that an LTE user equipment BEM out-of-band emissions limit of -70 dBm/(8 MHz) for frequencies below 790 MHz is necessary to protect fixed DTT reception.
The following table summarises the above calculation:
Table 20: Summary of the calculations 

	Parameter
	Unit
	Value
	Comment

	Frequency
	MHz
	450
	F0

	Receiver NF
	dB
	6.00
	NF

	Thermal Noise floor (8 MHz)
	dBm
	-99.19
	Pn= 10 log(kTB) + NF + 30

	In-block transmit power
	dBm
	23.00
	PTx

	Interferer antenna gain
	dBi
	0.00
	GTx

	EIRP
	dBm
	23.00
	P(EIRP) = RTx + GTx

	Rx Tx horizontal distance
	m
	22
	dh worst case separation

	Tx height
	m
	1.5
	hTx

	Rx height 
	m
	10
	hRx

	Path distance
	m
	23.6
	D=sqrt(dh2+(hRx-hTx)2)

	Free space propagation
	dB
	52.96
	LFS

	Rx antenna elevation discrimination
	dB
	0.45
	GDir

	Rx antenna bore-sight gain
	dB
	9.15
	GRx

	Body loss
	dB
	4
	LBody

	Wall loss
	dB
	0
	LWall

	Total coupling gain
	dB
	48.25
	Gtot = -LFS+GDir+GRx-LBody-LWall

	I/N
	dB
	-5.87
	

	Receiver desensitisation (C/N degradation)
	dB
	1.00
	D=10log(1+10(I/N)/10)

	ACS
	dB
	70.00
	

	Additional filtering
	dB
	10
	

	Total ACS
	dB
	80.00
	

	ACIR
	dB
	79.78
	

	Interference power
	dBm
	-105.04
	PI=Pn+I/N

	ACLR
	dB
	92.84
	

	OOBE (TX)
	dBm/8 MHz
	-69.84
	OOBE=PTx-ACLR



[bookmark: _Toc452988559][bookmark: _Toc453675489][bookmark: _Toc478403178]UE out-of-band emissions level to protect portable DTT reception based on MCL calculations
The UE out-of-band emissions level necessary to protect portable TV reception from interference from a UE is established calculated in the chapters below using MCL analysis. 
[bookmark: _Toc452988560][bookmark: _Toc453675490][bookmark: _Toc478403179]Assumptions (portable indoor reception)
Table 21: TV receiver parameters
	TV Receiver

	Parameter
	Value
	Unit

	Noise figure
	6
	dB

	Noise equivalent bandwidth
	7.6
	MHz

	Antenna gain (including feeder loss)
	2.15
	dBi

	Antenna height
	1.5
	m

	Antenna pattern
	Omni-directional


 
Table 22: UE transmitter parameters
	UE Transmitter

	Parameter
	Value
	Unit

	EIRP (max)
	23
	dBm/(5 MHz)

	Antenna height
	1.5
	m

	Antenna pattern
	Omni-directional



Table 23: General parameters
	General

	Parameter
	Value
	Unit

	Frequency
	455
	MHz

	Wall loss (taken from ITU-R P.1812)
	10.4
	dB


[bookmark: _Toc452988561][bookmark: _Toc453675491][bookmark: _Toc478403180]Methodology
An MCL analysis is used for evaluating the impact of adjacent-channel interference from UEs to DTT receivers. The situation is considered where the DTT signal is received at the reference sensitivity level. The victim TV antenna and the interfering UE are assumed to be in the same building. Some of the MCL calculations assume that they are separated by one internal wall. It can be argued that if the victim and interferer are in the same room then the users of both devices can negotiate a local solution in case of interference, e.g. one of them can move to increase the distance between the victim and interferer, or, if necessary, move to another room. For various assumed values of the UE out-of-band emissions level, the separation distance needed to meet the 1 dB desensitisation criteria is evaluated (taking account of the wall loss). A value for the out-of-band emissions level is then chosen which balances the need to minimise the separation distance and be achievable in a realistic terminal design.
[bookmark: _Toc452988562][bookmark: _Toc453675492][bookmark: _Toc478403181]Out-of-band emissions calculation
The out-of-band emissions are calculated as follows.
The noise power (PN) at the TV receiver is given by:


where:
k	= Boltzmann’s constant 
T	= Temperature (290 °K)
B	= Noise equivalent bandwidth of the TV receiver (7.6 dB)
NF = TV receiver noise figure (6 dB)
For a 1 dB desensitisation, the target interference level (PI) is:


The interference power at the source UE (PI,(UE)) is a combination of the UE in-band power (PIB,(UE) = 23 dBm) the ACS of the victim TV receiver and out-of-band emission power of the UE (POOB,(UE)) within the victim receivers channel as follows:


For the purposes of this calculation a minimum achievable ACS value of 85 dB has been assumed. This takes into account that an ACS is achievable with current receiver design as shown in ECC Report 240 and some rejection in the TV receiver antenna.
Results have also been calculated for an ACS value of 100 dB to demonstrate the impact of additional rejection filters at the portable TV receiver.
The minimum allowed coupling gain between the interfering UE and the victim TV is therefore the difference between the target interference power (PI) and the interference power at the source UE (PI,(UE)).


The total path gain between the interfering UE and the victim TV (GPG,(UE,TV)) is given by the allowed coupling gain GCG minus the wall loss (GWL = -10.4 dB) minus the body loss at the UE (GBL = -4 dB) minus the TV antenna gain (GA,(TV) = 2.15 dBi).


From the total path gain we can then calculate the minimum separation distance needed to meet the 1 dB desensitisation criteria using the free-space path-loss model.
[bookmark: _Toc452988563][bookmark: _Toc453675493][bookmark: _Toc478403182]Results
As indicated above, for various assumed values of the UE out-of-band emissions level, the separation distance needed to meet the 1 dB desensitisation criteria has been evaluated. Results have been obtained for assumed TV ACS values of both 85 dB and 100 dB (to assess the impact of rejection filters at the portable TV receiver).

	TV ACS = 85 dB
The graph below illustrates the relationship between separation distance and out-of-band emissions. The lower blue curve takes into account -10.4 dB wall loss whereas the upper pink curve does not.

Figure 45: Relationship between separation distance and OOB emissions
As can be seen, the curves have essentially flattened out for a out-of-band emissions level of -75 dBm/(8 MHz) and below i.e. for out-of-band emissions levels lower that -75 dBm/(8 MHz) there is minimal improvement in separation distance. From this it is concluded a UE out-of-band emission level of -75 dBm/(8 MHz) is optimal.
The following table summarises the calculation of separation distance for the situation where the assumed TV receiver ACS is 85 dB and the out-of-band emissions is set to -75 dBm/(8 MHz) for the various combinations of wall loss and body loss.
Table 24: Calculation of separation distances for ACS = 85 dB

	Parameter
	Unit
	Value
	Value
	Value
	Value
	Comment

	Frequency
	MHz
	455
	455
	455
	455
	F0

	Target performance
	
	
	
	
	
	

	Receiver NF
	dB
	6.00
	6.00
	6.00
	6.00
	NF

	Thermal Noise floor (9 MHz)
	dBm
	-99.17
	-99.17
	-99.17
	-99.17
	Pn= 10 log(kTB) + NF + 30

	INR
	dB
	-6.00
	-6.00
	-6.00
	-6.00
	INR

	Target interference power
	dBm
	-105.17
	-105.17
	-105.17
	-105.17
	PItarget= Pn + INR

	Victim's performance
	
	
	
	
	
	

	Receiver selectivity (ACS)
	dB
	85.00
	85.00
	85.00
	85.00
	

	BEM limits
	
	
	
	
	
	

	In-block transmit power
	dBm/ 10MHz
	23.00
	23.00
	23.00
	23.00
	Pib,tr

	Interferer antenna gain
	dBi
	0.00
	0.00
	0.00
	0.00
	Ga,i

	EIRP
	dBm/ 10MHz
	23.00
	23.00
	23.00
	23.00
	Pib

	Out-of-block
	dBm/ 8MHz
	-75.00
	-75.00
	-75.00
	-75.00
	Poob

	"Total" interference at "source"
	dBm
	-61.79
	-61.79
	-61.79
	-61.79
	Linear: Px = Pib/ACS + Poob, where PItarget = G Px

	ACIR calculation
	
	
	
	
	
	

	ACLR
	dB
	98.00
	98.00
	98.00
	98.00
	Pib - Poob

	ACIR
	dB
	98.21
	98.21
	98.21
	98.21
	Linear = 1/((1/ACLR) + (1/ACS))

	Coupling calculation
	
	
	
	
	
	

	Coupling gain
	dB
	-43.48
	-43.48
	-43.48
	-43.48
	Linear: G = PItarget -Px

	Link budget
	
	
	
	
	
	

	Interferer body gain
	dB
	-4.00
	-4.00
	0.00
	0.00
	Gb,I

	Wall gain
	dB
	-10.40
	0.00
	-10.40
	0.00
	GWl

	Victim body gain
	dB
	0.00
	0.00
	0.00
	0.00
	Gb,v

	Victim ant. Elevation pattern
	dB
	0.00
	0.00
	0.00
	0.00
	gb,v (assumed zero)

	Victim antenna gain
	dB
	2.15
	2.15
	2.15
	2.15
	Ga,v

	Path gain
	dB
	-31.13
	-41.53
	-35.13
	-45.53
	GpI = G -Gb,I -GWl -gb,v -Ga,v -Gb,v

	Geometry
	
	
	
	
	
	

	Protection distance
	m
	1.89
	6.26
	3.00
	9.92
	d, where GpI = 147.56 -20log10(f) - 20log10(d) dB



TV ACS = 100 dB
In order to assess the impact of a rejection filter fitted to the portable TV receiver a further set of results are calculated but with an ACS value of 100 dB (rather than 85 dB assumed above).
The graph below provides results where the UE body loss is set to 4 dB.

Figure 46: Relationship between separation distance and OOB emissions

The graph below provides results where the UE body loss is set to zero.

Figure 47: Relationship between separation distance and OOB emissions
The following table summarises the calculation of separation distance for the situation where the assumed TV receiver ACS is 100 dB and the out-of-band emissions is set to -75 dBm/(8 MHz) for the various combinations of wall loss and body loss.
Table 25: Calculation of separation distances for ACS = 100 dB


	Parameter
	Unit
	Value
	Value
	Value
	Value
	Comment

	Frequency
	MHz
	455
	455
	455
	455
	F0

	Target performance
	
	
	
	
	
	

	Receiver NF
	dB
	6.00
	6.00
	6.00
	6.00
	NF

	Thermal Noise floor (9 MHz)
	dBm
	-99.17
	-99.17
	-99.17
	-99.17
	Pn= 10 log(kTB) + NF + 30

	INR
	dB
	-6.00
	-6.00
	-6.00
	-6.00
	INR

	Target interference power
	dBm
	-105.17
	-105.17
	-105.17
	-105.17
	PItarget= Pn + INR

	Victim's performance
	
	
	
	
	
	

	Receiver selectivity (ACS)
	dB
	100.00
	100.00
	100.00
	100.00
	

	BEM limits
	
	
	
	
	
	

	In-block transmit power
	dBm/ 10MHz
	23.00
	23.00
	23.00
	23.00
	Pib,tr

	Interferer antenna gain
	dBi
	0.00
	0.00
	0.00
	0.00
	Ga,i

	EIRP
	dBm/ 10MHz
	23.00
	23.00
	23.00
	23.00
	Pib

	Out-of-block
	dBm/ 8MHz
	-75.00
	-75.00
	-75.00
	-75.00
	Poob

	"Total" interference at "source"
	dBm
	-72.88
	-72.88
	-72.88
	-72.88
	Linear: Px = Pib/ACS + Poob, where PItarget = G Px

	ACIR calculation
	
	
	
	
	
	

	ACLR
	dB
	98.00
	98.00
	98.00
	98.00
	Pib - Poob

	ACIR
	dB
	102.12
	102.12
	102.12
	102.12
	Linear = 1/((1/ACLR) + (1/ACS))

	Coupling calculation
	
	
	
	
	
	

	Coupling gain
	dB
	-32.29
	-32.29
	-32.29
	-32.29
	Linear: G = PItarget -Px

	Link budget
	
	
	
	
	
	

	Interferer body gain
	dB
	-4.00
	-4.00
	0.00
	0.00
	Gb,I

	Wall gain
	dB
	-10.40
	0.00
	-10.40
	0.00
	GWl

	Victim body gain
	dB
	0.00
	0.00
	0.00
	0.00
	Gb,v

	Victim ant. Elevation pattern
	dB
	0.00
	0.00
	0.00
	0.00
	gb,v (assumed zero)

	Victim antenna gain
	dB
	2.15
	2.15
	2.15
	2.15
	Ga,v

	Path gain
	dB
	-20.04
	-30.44
	-24.04
	-34.44
	GpI = G -Gb,I -GWl -gb,v -Ga,v -Gb,v

	Geometry
	
	
	
	
	
	

	Protection distance
	m
	0.53
	1.75
	0.84
	2.77
	d, where GpI = 147.56 -20log10(f) - 20log10(d) dB


[bookmark: _Toc478403183][bookmark: _Toc452988564][bookmark: _Toc453675494]UE out-of-band emissions level to protect fixed DTT reception based on SEAMCAT simulations
ECC Report 240 concluded that Monte-Carlo simulations demonstrated limited interferences to DTT for high power UE (37 dBm) with improved ACLR (79 dB, i.e. OOBE of -42 dBm / 8 MHz) in Channel 21. 
As indicated in ECC Report 240 (section 3.5.1.3), the Monte Carlo simulation method used in this study has been used within CEPT to determine the OOBE emission limits of LTE 800 MHz Base Stations in the UHF broadcasting band. The method is described in detail in ANNEX 4 of ECC Report 240.
Also according to ECC Report 240, for LTE Mobile Stations several different Monte Carlo simulation methods were previously used to determine the OOBE emission limits of LTE800 and LTE700 User equipment. Studies conducted for ITU-R/JTG 4-5-6-7 as well as for CPG/PTD have already recognized the insufficiency of the IP calculation vis-à-vis interference into the broadcasting service and the need to take the time into account when dealing with IMT UE interference.
The need to take the time into account when dealing with IMT UE interference is not considered in the study below. I.e. the result is the probability of interference at any given moment in time. It is not the probability of seeing interference in 1 hour.
SEAMCAT simulations between IoT UE and DTT Channel 21 have been performed using the parameters described in Annex A1.1, A1.8 and assuming a UE IoT unwanted emission level above 470MHz of -42dBm/8MHz. In ECC Report 240 BB PPDR devices were used which in comparison to IoT devices can use many RBs simultaneously, have higher transmit power and are mainly outdoor. 
Two scenarios have been simulated. Scenario 1 describes the worst case, on which fixed DTT receivers are located at the DTT cell edge while in scenario 2, the DTT receivers are randomly allocated within the DTT cell area, representing a more realistic scenario. The IoT network is intentionally placed around the DTT receiver to ensure proximity between the IoT UE and the DTT receiver. In both scenarios the IoT UEs are placed within 50 meters of the DTT receivers. 3 MHz bandwidth is used for the LTE base station where 15 UEs are actively transmitting in both of the scenarios with one RB each of 180 kHz. Transmit power for the IoT UEs are power controlled between -40 to 23 dBm.

	Scenario
	Pinterference (%)

	Scenario 1
	4.59 %

	Scenario 2
	0.00 %







[bookmark: _Toc478403184]Conclusion
[bookmark: _Toc453675495][bookmark: _Toc478403185]Conclusion LTE 400 Base stations and DTT
The studies carried out for PPDR base stations in 400 MHz in ECC Report 240 concluded on a set of out-of-band emissions from base stations. The scenario for this report is similar and therefore the same limits should apply. However, additional mitigation measures may be required to solve possible residual interference from LTE400 BSs on a case by case basis in a manner similar to the situation between LTE800 and DTT (see also ANNEX 2: (list of mitigation measures)). 
LTE 400 Base Station OOBE e.i.r.p. levels for protection of DTT above 470 MHz are given in Table 26 below. 
[bookmark: _Ref453670130]Table 26: LTE Base Station OOBE e.i.r.p. levels for protection of DTT above 470 MHz (ECC Report 240)
	Frequency range
	Condition on Base station in-block e.i.r.p,
P (dBm/cell)
	Maximum mean OOBE e.i.r.p (dBm/cell)

	Measurement bandwidth

	For DTT frequencies above 470 MHz where broadcasting is protected
	P ≥ 60
	-7
	8 MHz

	
	P < 60
	( P – 67 )
	8 MHz


[bookmark: _Toc453675496][bookmark: _Toc478403186]Conclusion LTE 400 UE and DTT
The MCL studies have shown that  the unwanted emissions above 470 MHz need to be adequately limited in order to minimize interference.
In order tTo protect DTT in channel 21 on the criteria of a receiver sensitivity degradation limited to 1 dB, the MCL analysis shows that and above the LTE unwanted emission level should not exceed -70 dBm/8 MHz for fixed reception and -75 dBm/8 MHz for portable reception. This is derived under the condition of DTT ACS values of 80 dB and 85 dB, respectively.
It should be noted that LTE includes power control for the UEs and that the UEs are moving devices. Monte Carlo simulations may therefore be useful to assess the impact of LTE UE into DTT, provided however that time can be taken into consideration (i.e to assess the probability of seeing interference to a DTT receiver in 1 hour).
SEAMCAT simulations, that do not take time into account, show limited probability of interference assuming a DTT protection level of -42dBm/8MHz. This is in line with the conclusion of BB PPDR UE emissions towards DTT in ECC Report 240.

Portable reception - TS OOB baseline level vs separation distance (DTT ACS = 85 dB, 4dB body loss)
No wall	-90	-85	-80	-75	-70	-65	-60	-55	-50	-45	-40	-35	6.1125752086552083	6.1230235391361951	6.1559473544885401	6.2589219219233287	6.5739492946718938	7.4833794013063342	9.8197772024493162	14.975633664574229	25.070703501776816	43.668706960154864	77.134050015259959	136.87154418189118	One wall	-90	-85	-80	-75	-70	-65	-60	-55	-50	-45	-40	-35	1.8459682017465022	1.8491235471076384	1.8590663803891954	1.8901642025974277	1.9853009482279989	2.2599444497396037	2.9655253056501274	4.5225690649441423	7.5712314171879713	13.187738671205096	23.294110704515926	41.334545532618094	OOBE level (dBm/8 MHz)

Separation distance (meters)



Portable reception - TS OOB baseline level vs separation distance (DTT ACS = 100dB, 4 dB body loss)
No wall	-90	-85	-80	-75	-70	-65	-60	-55	-50	-45	-40	-35	1.113011198279749	1.1690318673354918	1.3307539506852448	1.7462307610285173	2.6630860997998171	4.458271583240033	7.7655162450266655	13.716589295504884	24.33958488388889	43.253106082891918	76.89952464094074	136.73951449738749	136.73951449738749	One wall	-90	-85	-80	-75	-70	-65	-60	-55	-50	-45	-40	-35	0.33612400830716488	0.35304197989646008	0.40188126828036824	0.52735325909870068	0.80423914486691428	1.346376493782514	2.3451484143978059	4.1423437441007938	7.3504371243971081	13.062229212776037	23.22328517375059	41.294673205332295	41.294673205332295	OOBE level (dBm/8 MHz)

Separation distance (meters)



Portable reception - TS OOB baseline level vs separation distance (DTT ACS = 100dB, no body loss)
No wall	-90	-85	-80	-75	-70	-65	-60	-55	-50	-45	-40	-35	1.7640038712865613	1.8527906483101249	2.109102877281777	2.7675892456202877	4.2207070305105479	7.0658842824199484	12.307513832688961	21.739328998230658	38.575642389804912	68.551553383573776	121.87753310692246	216.71752566734696	216.71752566734696	One wall	-90	-85	-80	-75	-70	-65	-60	-55	-50	-45	-40	-35	0.53272065258876866	0.55953383059089301	0.63693888627519435	0.83579859036771242	1.2746331458103204	2.1338629394855668	3.7168097572900596	6.565172400859228	11.649657760070413	20.70223815769543	36.806426578460368	65.447646448037602	65.447646448037602	OOBE level (dBm/8 MHz)

Separation distance (meters)



image3.emf
452.5 457.5 462.5 470

Uplink Downlink DTT


image4.emf
g



,(TV)

(



) 

g



,(TV)

(



)

20

°

60

°

g



,(TV)

(



) 

g



,(TV)

(



)

20

°

60

°


image5.png
Elevation

d(ﬂ.lV)

G’L(!t.!

recetver
Plan view

GA(!V)

™
UE recetver




image6.wmf
df

j

)

(

,

)

(

,

)

,

(

,

)

,

(

,

TV

TV

A

TV

UE

PL

TV

UE

PG

g

G

G

G

+

+

=


oleObject1.bin

image7.png
Loss (dB)

0.00

10.00

20.00

30.00

40.00

50.00

60.00

22m: 44.3dB

10 20 30

Horizontal Separation Disctance (meters)

——GPLUE,TV)
——gf(TV)df
G total





image8.wmf
)

8

/(

17

.

99

)

(

log

10

10

MHz

dBm

NF

kTB

P

N

-

=

+

=


oleObject2.bin

image9.wmf
)

8

/(

04

.

105

87

.

5

MHz

dBm

P

P

N

I

-

=

-

=


oleObject3.bin

image10.wmf
dBm

G

G

P

P

BL

TV

UE

PG

IB

UE

AC

26

.

25

)

0

.

4

(

)

26

.

44

(

0

.

23

)

,

(

,

,

-

=

-

+

-

+

=

+

+

=


oleObject4.bin

image11.wmf
dB

P

P

ACIR

I

AC

78

.

79

)

04

.

105

(

26

.

25

/

=

-

-

-

³

=


oleObject5.bin

image12.wmf
1

1

1

-

-

-

-

=

ACS

ACIR

ACLR


oleObject6.bin

image13.wmf
dB

ACLR

84

.

92

10

1

10

1

1

log

10

10

/

80

10

/

78

.

79

10

=

÷

÷

ø

ö

ç

ç

è

æ

÷

ø

ö

ç

è

æ

-

=


oleObject7.bin

image14.wmf
)

8

/(

84

.

69

84

.

92

23

MHz

dBm

-

=

-


oleObject8.bin

image15.wmf
)

8

/(

17

.

99

)

(

log

10

10

MHz

dBm

NF

kTB

P

N

=

+

=


oleObject9.bin

image16.wmf
)

8

/(

04

.

105

87

.

5

MHz

dBm

P

P

N

I

-

=

-

=


oleObject10.bin

image17.wmf
(

)

(

)

10

10

10

)

,(

)

(

,

)

(

,

10

10

log

10

UE

OOB

UE

IB

P

ACS

P

UE

I

P

+

=

-


oleObject11.bin

image18.wmf
)

,(

UE

I

I

CG

P

P

G

-

=


oleObject12.bin

image19.wmf
)

,(

)

,

,(

TV

A

BL

WL

CG

UE

TV

PG

G

G

G

G

G

-

-

-

=


oleObject13.bin

image1.emf
CEPT

Electronic Communications Committee










image2.emf










