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[bookmark: _Toc371669654]Introduction
The 1452-1492 MHz band has remained unused in most European countries for the past decade. Since 2002, the 1452-1479.5 MHz sub-band has been harmonised for Terrestrial Digital Audio Broadcasting systems (T-DAB) through the Maastricht, 2002 Special Arrangement [1]. The arrangement was later revised in Constanţa, in 2007 [1]. Since 2003, the 1479.5-1492 MHz sub-band has been harmonised for Satellite Digital Audio Broadcasting (S-DAB) through the ECC/DEC/(03)02 [2]. The 1452-1492 MHz is referenced to, in Europe, as the L-band, 1.4 GHz or 1.5 GHz. 
Late 2010, CEPT decided to undertake a review of the use of the L-band with the aim to change the current situation and enable the use of those 40 MHz of prime spectrum for new services and applications that could bring substantial social and economic benefits for Europe. The ECC took a number of steps to harmonise the use of the band 1452-1492 MHz for MFCN SDL:
In December 2010, the ECC launched a questionnaire to CEPT administrations and industry in order to identify the current and potential candidate applications.
In May 2011, the ECC established a Project Team to determine, based on an impact analysis, the most appropriate future use(s) of the 1452-1492 MHz band in CEPT. 
In February 2013, ECC adopted the ECC Report 188 [3] on the future harmonised use of 1452-1492 MHz. 
In June 2013, the ECC approved the decision ECC/DEC/(13)BB on the withdrawal of ECC Decision (03)02.
In September 2013, the ECC adopted the ECC Report 202 deriving Out-Of-Band emission (OOB) limits applicable to MFCN SDL operating in 1452-1492 MHz.
[bookmark: _GoBack]In November 2013, the ECC adopted the ECC Decision ECC/DEC/(13)03 on the harmonised use of the frequency band 1452-1492 MHz for MFCN SDL.

ECC Report 202 did not study all compatibility scenarios as it focused on the development of harmonised SDL OOB emission limits. The present report complements the ECC Report 202 by studying other compatibility scenarios including:
the impact of the OOB emissions of systems operating in adjacent bands on MFCN SDL operating in 1452- 1492 MHz,
the compatibility between MFCN SDL and systems deployed at national level in 1452-1492 MHz. This includes considerations on both co-channel operation and adjacent channel operation. 
the cross border compatibility scenarios between MFCN SDL deployed in 1452-1492 MHz in a country and other systems deployed co-channel [and adjacent channel?] in another country,

This ECC Report:
· Provides … in Section XXX.
· Presents … in Section YYY.
· Proposes … in Section ZZZ.
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	Term
	Definition (style: Arial 10pt bold red (colour values RGB: 210, 35, 42)

	[bookmark: Text11]<Term 1>
	[bookmark: Text12]<Definition 1>

	<Term 2>
	<Definition 2>

	
	

	
	



[bookmark: _Toc371669656]Compatibility scenarios 
[bookmark: _Toc371669657]Adjacent band compatibility
[bookmark: _Toc371669658]Systems in bands adjacent to 1452-1492MHz considered in this report
[image: ]
Figure 1: Services in bands adjacent to 1452-1492 MHz
[bookmark: _Toc371669659]Compatibility scenarios
The compatibility scenarios studying the impact of MFCN SDL in 1452-1492 MHz on systems in adjacent bands have been studied in ECC Report 202.
The compatibility scenarios studied in this report include:
Scenario A: Impact of systems of the Mobile service operating outside of 1452-1492 MHz on MFCN SDL in 1452-1492 MHz. 
Scenario B: Impact of systems of the Fixed service operating outside of 1452-1492 MHz on MFCN SDL in 1452-1492 MHz. 
Scenario C: Impact of Aeronautical Telemetry systems operating outside of 1452-1492 MHz on MFCN SDL in 1452-1492 MHz. 

[bookmark: _Toc371669660]Compatibility studies between Systems operating in 1452-1492 MHz
[bookmark: _Toc371669661]Systems operating in 1452-1492MHz considered in this report
[image: ]
Figure 2: Services operating in the band 1452-1492 MHz
[bookmark: _Toc371669662]Adjacent channel compatibility scenarios (national applications)
The compatibility scenarios studied in this report include:
Scenario D: Impact of MFCN SDL on systems of the Broadcasting service operating in adjacent channel.
Scenario E: Impact of MFCN SDL on systems of the Mobile service operating in adjacent channel (Different to scenario studied in ECC Report 202 due to band filtering?). 
Scenario F: Impact of MFCN SDL on systems of the Fixed service operating in adjacent channel (Different to scenario studied in ECC Report 202 due to band filtering?).
Scenario G: Impact of MFCN SDL on Aeronautical Telemetry systems operating in adjacent channel (Different to scenario studied in ECC Report 202 due to band filtering?).
Scenario H: Impact of systems of the Broadcasting service on MFCN SDL in adjacent channel.
Scenario I: Impact of systems of the Mobile service on MFCN SDL operating in adjacent channel (Scenario A?). 
Scenario J: Impact of systems of the Fixed service on MFCN SDL operating in adjacent channel (Scenario B?). 
Scenario K: Impact of Aeronautical Telemetry systems on MFCN SDL operating in adjacent channel (Scenario C?).

[bookmark: _Toc371669663]Co-channel compatibility scenarios (cross border coordination)
The compatibility scenarios studied in this report include:
Scenario L: Impact of MFCN SDL on systems of the Broadcasting service operating co-channel.
Scenario M: Impact of MFCN SDL on systems of the Mobile service operating co-channel. 
Scenario N: Impact of MFCN SDL on systems of the Fixed service operating co-channel.
Scenario O: Impact of MFCN SDL on Aeronautical Telemetry systems operating co-channel.
Scenario P: Impact of systems of the Broadcasting service on MFCN SDL operating co-channel
Scenario Q: Impact of systems of the Mobile service on MFCN SDL operating co-channel. 
Scenario R: Impact of systems of the Fixed service on MFCN SDL operating co-channel. 
Scenario S: Impact of Aeronautical Telemetry systems on MFCN SDL operating co-channel.
[bookmark: _Toc371669664]List of scenarios
Table 1: List of compatibility scenarios considered in this report
	Scenario
	Co-channel/
Adjacent channel
	Interferer
	Victim
	Priority

	A
	Adjacent channel
	Mobile
	MFCN SDL
	

	B
	Adjacent channel
	Fixed
	MFCN SDL
	

	C
	Adjacent channel
	Aeronautical Telemetry
	MFCN SDL
	

	D
	Adjacent channel
	MFCN SDL
	Broadcasting
	2

	E
	Adjacent channel
	MFCN SDL
	Mobile
	

	F
	Adjacent channel
	MFCN SDL
	Fixed
	

	G
	Adjacent channel
	MFCN SDL
	Aeronautical Telemetry
	

	H
	Adjacent channel
	Broadcasting
	MFCN SDL
	2

	I
	Adjacent channel
	Mobile
	MFCN SDL
	

	J
	Adjacent channel
	Fixed
	MFCN SDL
	

	K
	Adjacent channel
	Aeronautical Telemetry
	MFCN SDL
	

	L
	Co-channel
	MFCN SDL
	Broadcasting
	4

	M
	Co-channel
	MFCN SDL
	Mobile
	3

	N
	Co-channel
	MFCN SDL
	Fixed
	3

	O
	Co-channel
	MFCN SDL
	Aeronautical Telemetry
	1

	P
	Co-channel
	Broadcasting
	MFCN SDL
	4

	Q
	Co-channel
	Mobile
	MFCN SDL
	3

	R
	Co-channel
	Fixed
	MFCN SDL
	3

	S
	Co-channel
	Aeronautical Telemetry
	MFCN SDL
	1



[Editor’s note: reasoning for priority: 
Priority 1: Administrations have raised concerns in PT-D over coexistence between MFCN and Aeronautical Telemetry cross-border. This topic is discussed in many groups and SE7 is the one group responsible for studies.
Priority 2: T-DAB licences are issued in at least 3 administrations. Adjacent channel coexistence studies would support national deployment of MFCN
Priority 3:  Cross border coordination of MFCN with mobile and fixed service may support administrations in cross border coordination discussions
Priority 4: Although studies be helpful, the deployment of T-DAB is governed by Maastricht Agreement, therefore studies would be only indicative but is unlikely lead to new cross border agreements
Other studies: Apart from broadcasting, it is unlikely that other services will be maintained in the band. Unless an administration requests these studies specifically, they can be omitted for the time being.]
[bookmark: _Toc356892783][bookmark: _Ref353893229][bookmark: _Toc371669665]Description and characteristics of systems considered
[bookmark: _Toc371669666]Fixed Service Characteristics
[bookmark: _Ref348388415]Table 2: Fixed links receiver characteristics
	Parameter 
	Value

	Antenna Height
	20 m

	Bandwidth
	[bookmark: _Ref353894511]1 MHz[footnoteRef:1] [1:  Available in the band: 250 kHz to 3 MHz. Mostly used for BW ≥1 MHz. Source: ECC Report 121 and ITU-R Recommendation F. 758-5] 


	Receiver noise level
	-110 dBm/MHz[footnoteRef:2] [2:  ITU-R Recommendation F.1334 and ITU-R Recommendation F. 758-5] 


	Target Interference to Noise Ratio
	-6 dB

	Blocking Response
	BR1 = 25 dB
BR2-5 = 50 dB
BR>5 = 55 dB

	Antenna (Option 1)
	Type: Yagi
D = 0.5 m
Gmax= 13 dBi
G1= 1 dBi

	Antenna (Option 2)
	Type: Dish
D = 2 m
Gmax = 30 dBi
G1 = 14 dBi



Table3: Fixed links transmitter characteristics (ref. ITU-R F.758-5)
	Frequency range
(GHz)
	1.350-1.530

	Reference ITU-R Recommendation
	F.1242

	Modulation
	MSK
	QPSK

	Channel spacing and receiver noise bandwidth (MHz) 
	0.25, 0.5, 1, 2, 3.5
	0.25, 0.5, 1, 2, 3.5

	Maximum Tx output power range (dBW) 
	7
	0…7

	Maximum Tx output power density range (dBW/MHz) (1)
	4.0
	−3.0…7

	Minimum feeder/multiplexer loss range (dB) 
	5
	1…5

	Maximum antenna gain range (dBi)
	16
	16…33

	Maximum e.i.r.p. range (dBW) 
	20
	20…39

	Maximum e.i.r.p. density range (dBW/MHz)(1)
	17
	17…39

	Receiver noise figure (dB) 
	4
	4…7

	Receiver noise power density typical (=NRX) (dBW/MHz)
	−140
	−140…−137

	Normalized Rx input level for 1 × 10–6 BER (dBW/MHz) 
	−126.5
	−126.5…
−123.5

	Nominal long-term interference power density (dBW/MHz)(2) 
	−140 + I/N
	−140…
−137 + I/N



Figure 3 shows the antenna radiation patterns for both antennas derived from Recommendation ITU-R F.1245 [XXX]Error! Reference source not found., corresponding to the antenna considered in ECC Report 202 [XXX].
[image: ]
[bookmark: _Ref359425863]Figure 3: FS antenna patterns derived from ITU-R Rec. F. 1245
[bookmark: _Toc371669667]Mobile service (outside 1452-1492) characteristics
According to footnote EU15A of the European Common Allocation table, the use of the bands 1429-1452 MHz and 1492-1518 MHz by the mobile service is limited to tactical radio relay applications. 
Tactical radio relay services are mesh networks deployed in different locations a short notice. Each TRR contains multiple point to point links. The separation distance between each transmitter is variable.
[bookmark: _Ref349863372]Table 3: Tactical Radio Relay (TRR) receiver characteristics
	Parameter 
	Value

	Antenna Height
	10 m

	Bandwidth
	1.5 MHz

	Receiver noise level
	-105 dBm/1.5MHz

	Target I/N
	0 dB

	Blocking Response
	BR1 = 27 dB
BR2 = 45 dB
BR3 = 70 dB

	Antenna
	Gain = 21 dBi
Pattern: see below

	Feeder Loss
	4 dB


Table 4: Tactical Radio Relay (TRR) transmitter characteristics
	Parameter 
	Value

	Antenna Height
	10-15 m

	Operating frequency
	1492-1518 MHz

	Transmit power
	34 dBm

	Antenna polarization
	Circular

	Antenna gain
	21 dB

	Antenna directivity
	±5°

	Feeder Loss
	4 dB



NOTE: WE NEED ALSO OOB EMISSION CHARACTERISTICS


[image: ]
Figure 4: FS antenna patterns for Tactical Radio Relay, where Maximum Gain = 21 dBi

[There is also another TRR system in SE(13)104 (LS from WGFM to WGSE):]

TACTICAL VIDEO REPORTING

Tactical Video Reporting systems are used by security services to video monitor a specific area at a given time with a short notice. One main emission point is located on a top of a building (high height) which “broadcasts” video information to several receivers. These receivers may be portable and could be used in all operational conditions (indoor, outdoor, handheld, in a vehicle…).

	Tactical radio relay

		Operating frequency
	1492-1518 MHz

		Bandwidth
	5 MHz

		Transmit power
	30 dBm

		Thermal Noise Receiver
	-80 dBm ???

		Antenna type (emission)
	Omnidirectionnal

		Receiving Antenna Gain
	10 dB

		Receiving Antenna directivity (azimuth)
	±37.5°




[bookmark: _Toc371669668]Mobile service (InSide 1452-1492) characteristics
[Information needed on systems in use, otherwise this scenario is dropped.]
[bookmark: _Toc371669669]Aeronautical telemetry characteristics
The deployment of aeronautical telemetry services is limited to some CEPT countries, in accordance with ITU Radio Regulation footnote 5.342. For the purpose of this Report, Aeronautical telemetry is limited to ground stations and considered appropriate parameters.[footnoteRef:3] [3:  For coordination issues the provisions of the ITU RR 5.342 as well as of the Maastricht Special Arrangement 2002 as revised in Constanta 2007 should be applied.] 

The characteristics in are based on ECC Report 121 [XXX].
Table 5: Aeronautical Telemetry characteristics
	Parameter 
	Value

	Antenna Height
	50 m

	Receiver noise level
	-112 dBm/MHz

	Protection criteria (I/N)
	-3 dB

	Antenna Gain 
	41.2 dBi

	Antenna Pattern 
	ITU-R M.1459

	Elevation
	3 to 80 degrees



See the proposed emission masks in Annex 2 of this Report.
ITU-R M.1459 Only receiving characteristics for the L-band
ITU-R M.1828 Description of telemetry at 5 GHz
ITU-R M.1829 Telemetry at 5 GHz and coexistence

[From ECC Report 172, Aeronautical Telemetry characteristics (2300-2400 MHz) in Table 35:]
TLM transmitter (airborne) parameters 
	
	Parameter
	Value (aeronautical telemetry in the 2300/2400MHz band

	Airborne
Transmission
	Bandwidth (MHz)
	1 to 40

	
	Max output power (dBm)
	2 to 40

	
	Antenna gain (dB)
	0 to 3

	
	Max e.i.r.p. (dBm)
	43

	
	Antenna height (m)
	Varies between 0 to 20000




[image: ]
Figure 5: Aeronautical System Antenna Pattern given by Recommendation ITU-R M.1459
[bookmark: _Toc371669670]Broadcasting service characteristics
[bookmark: _Toc371669671]Broadcasting transmission
The broadcasting Tx parameters are extracted from the Maastricht Special Arrangement (MA02revCO07) [1]. The Maastricht Special Arrangement introduces two references networks (L-RN1 and L-RN2), for which the critical case (Maximum e.i.r.p) is the peripheral transmitter of reference network 2. The transmitter parameters are provided in Table 6. Reference Network 1 and Reference Network 2 network structures and distances are illustrated in Figure 6.
[bookmark: _Ref369776769]Table 6: Broadcasting Tx parameters
	Parameter
	Value 

	Bandwidth (MHz)
	1.536

	L-RN2
	Tx Distance  (km)
	26

	
	Width coverage area (km)
	45


	
	Propagation
	Hata (Urban)

	L-RN1
	Tx Distance  (km)
	15

	
	Width coverage area (km)
	60

	
	Propagation
	Hata (Rural)

	Reference Case
L-RN2, 
Peripheral transmitter
	Output power (dBm)
	67

	
	Antenna gain (dBi)
	4.5

	
	Max e.i.r.p. (dBm/MHz)
	69.6

	
	Antenna height (m)
	50

	L-RN2, 
Central Transmitter
	Output power (dBm)
	61  

	
	Antenna gain (dBi)
	0

	
	Max e.i.r.p. (dBm/MHz)
	59.1

	
	Antenna height (m)
	150

	L-RN1, 
Central Transmitter
	Output power (dBm)
	60

	
	Antenna gain (dBi)
	0

	
	Max e.i.r.p. (dBm/MHz)
	58.1

	
	Antenna height (m)
	150

	L-RN1, 
Peripheral Transmitter
	Output power (dBm)
	57

	
	Antenna gain (dBi)
	0

	
	Max e.i.r.p. (dBm/MHz)
	55.1

	
	Antenna height (m)
	150

	Tx Mask
	See Table 7 and Figure 7[footnoteRef:4] [4:  Spectrum Mask from MA02revCO07 for frequency separation from centre frequency > 0.97 MHz.
Linear (in dB) interpolation between T-DAB block edge (0.768 MHz) and 0.97 MHz.] 




[image: ]
[bookmark: _Ref370714966]Figure 6: T-DAB network structures and distances, L-RN1 and L-RN2.The broadcasting Tx mask is assumed to comply with the T-DAB mask from MA02revCO07, with additional assumption of linear (in dB) interpolation between emission at edge of T-DAB block and 0.97 MHz, as detailed in Table 7 and illustrated in Figure 7.
[bookmark: _Ref369705848]Table 7: Broadcasting emission mask breakpoints[footnoteRef:5]. [5:  The mask is fully defined by linear (in dB) interpolation between breakpoints.] 

	Breakpoints (MHz)
	Ratio of out-of-band power measured in 4kHz to in-block power spectrum density (dB) 

	0
	0

	0.768
	0

	0.97
	-30

	3 
	-80



[image: ]
[bookmark: _Ref369594149]Figure 7: Broadcasting emission mask.
[bookmark: _Toc371669672]Broadcasting reception
The broadcasting Rx parameters are extracted from the Maastricht Special Arrangement (MA02revCO07) [1].
[bookmark: _Ref369776237]Table 8: Broadcasting Rx parameters
	Parameter
	Value 

	Bandwidth (MHz)
	1.536 MHz

	Minimum equivalent field strength
	46 dB(μV/m) = -94.6 dBm

	T-DAB co-block protection ratio
	10 dB

	Antenna height (m)
	1.5 m

	Rx mask
	See Table 9 and Figure 7



The mask of the broadcast receiver is provided in the Table 9 below and illustrated in the Figure 8 below.
[bookmark: _Ref369706051] Table 9: Broadcasting receiver mask breakpoints[footnoteRef:6]. [6:  The mask is fully defined by linear (in dB) interpolation between breakpoints.] 

	Frequency separation 
from carrier center frequency (MHz)
	Selectivity [dB]

	0
	0 

	0.6
	0 

	0.7
	-1

	0.8
	-5

	0.9
	-17.5

	1
	-30

	1.5
	-30

	2
	-40

	2.4
	-56

	2.5
	-65

	2.9
	-65

	3
	-75

	11
	-75



[image: ]
[bookmark: _Ref369706070][bookmark: _Ref369706064]Figure 8: Broadcasting Receiver Mask

[bookmark: _Toc371669673]MFCN SDL characteristics
The harmonised frequency arrangement is based on a block size of 5 MHz, resulting in the following 8 frequency blocks in 1452-1492 MHz.
Table 10: Harmonised frequency arrangement for MFCN SDL in 1452-1492 MHz 
	1452 -1457
	1457-1462
	1462-1467
	1467-1472
	1472-1477
	1477-1482
	1482-1487
	1487-1492

	Downlink (base station transmit)

	40 MHz (8 blocks of 5 MHz)



Table 11: Base station BEM out-of-block e.i.r.p. limits within the band 1452-1492 MHz per antenna
	Frequency range of 
out-of-block emissions
	Maximum mean 
out-of-block e.i.r.p.
[dBm]
	Measurement 
Bandwidth
[MHz]

	–10 to –5 MHz from lower block edge
	11 dBm 
	5 MHz

	–5 to 0 MHz from lower block edge
	16.3 dBm 
	5 MHz

	0 to +5 MHz from upper block edge
	16.3 dBm 
	5 MHz

	+5 to +10 MHz from upper block edge
	11 dBm 
	5 MHz

	Remaining MFCN SDL frequencies
	9 dBm 
	5 MHz



Table 12: Base station OOB e.i.r.p. limits out of the band 1452-1492 MHz
	Frequency range of 
out-of-band emissions
	Maximum mean 
out-of-band e.i.r.p.
[dBm]
	Measurement 
Bandwidth
[MHz]

	Below 1449 MHz
	-20 dBm 
	1 MHz

	1449-1452 MHz
	14 dBm
	3 MHz

	1492-1495 MHz
	14 dBm
	3 MHz

	Above 1495 MHz
	-20 dBm 
	1 MHz



[bookmark: _Ref369798224]Table 13: Parameters for MFCN SDL macro BS
	Parameter
	Value

	In block e.i.r.p.
	68 dBm/5MHz

	Antenna height
	45 m

	Cell size (radius)[footnoteRef:7] [7:  Corresponds to 130.7 dB CL] 

	Urban: 1080 m
Rural: 8660 m 

	Horizontal antenna pattern

Vertical antenna pattern


[image: ]





	Omni directional















 
A down-tilt of 3° is assumed, corresponding to an EIRP towards the horizon 1.89 dB below Maximum EIRP



Table 14: Parameters for MFCN SDL UE
	Parameter
	Value
	Source

	Antenna height
	1.5 m
	ECC Report 82
CEPT Report 40
ECC Report 191

	Antenna gain
	-4 dBi
	ECC Report 191

	Antenna pattern

	Omni

	ECC Report 82
CEPT Report 40

	Body Loss
	3 dB
	ECC Report 191

	Rx BW
	5 MHz
	Size of frequency block

	Receiver Temperature
(kTB) 
	-107 dBm
	

	Receiver noise Figure
	9 dB
	ECC Report 191

	Receiver Thermal
Noise Level
	-98 dBm
	

	I/N Target
	0 dB
	ECC Report 191
Target Desensitization DTARGET = 3dB

	Receiver ACS
	33 dB
	ECC Report 82
CEPT Report 40

	Receiver in-band blocking
	See Annex X
	ECC Report 82
CEPT Report 40

	Receiver out-of-band blocking
	See Annex X
	ECC Report 82
CEPT Report 40

	Receiver Narrow band blocking
	-67.8 dBm
then increase by 0.8 dB every 200 kHz
	ECC Report 191
At 212.5 kHz from the channel edge





[bookmark: _Toc371669674]Coexistence Studies
[bookmark: _Toc371669675][bookmark: _Ref369592519]Scenario D: Impact of MFCN SDL on systems of the Broadcasting service operating in adjacent channel.
An analysis of the relative contribution of the interference due to blocking (IB) and the interference due to Out-of-Block emissions (IOOB) is provided in Section 5.1.1 and leads to the definition of a critical BEM (BEM which ensures that IB>IOOB).
A Minimum Coupling Loss (MCL) analysis is conducted in Section 5.1.2, including typical separation distance and estimation of the percentage of interference for both reference and study cases.
A Monte-Carlo analysis based on seamcat is provided in Section 5.1.3.

[bookmark: _Ref370715805][bookmark: _Toc371669676]IB-IOOB analysis
The analysis below focuses on the relative contribution of IB vs IOOB by considering them independently of Coupling Loss (CL), i.e. by considering and comparing IB+CL and IOOB+CL.
[bookmark: _Toc371669677]Reference scenario: T-DAB vs T-DAB in adjacent blocks
The IB+CL and IOOB+CL for T-DAB vs T-DAB adjacent block coexistence scenarios are provided in Table 15.
[bookmark: _Ref369598231]Table 15: T-DAB vs T-DAB in adjacent blocks, IB+CL and IOOB+CL
	Adjacent Channel
	T-DAB Transmitter
	IB+CL (dBm)
	IOOB+CL (dBm)

	1
	L-RN2, Peripheral Tx
	38.9
	33.2

	
	L-RN2, Central Tx
	28.4
	22.7

	
	L-RN1, Central Tx
	27.4
	21.7

	
	L-RN1, Peripheral Tx
	24.4
	18.7

	2
	L-RN2, Peripheral Tx
	0.7
	-6.8

	
	L-RN2, Central Tx
	-9.8
	-17.3

	
	L-RN1, Central Tx
	-10.8
	-18.3

	
	L-RN1, Peripheral Tx
	-13.8
	-21.3



The analysis of the reference scenarios indicates that T-DAB is designed to ensure that blocking is the dominant interference factor (i.e. IB ≈ IOOB + 6 dB). Depending on the reference scenario considered (adjacent channel 1 or 2), an IOOB+CL, corresponding to the out of band emission of the transmitter, of respectively 33.2 or -6.8 dBm is considered acceptable. 
[bookmark: _Toc371669678]SDL Critical BEM to ensure IB = IOOB + 6dB
The IB+CL and IOOB+CL for SDL vs T-DAB adjacent block coexistence scenarios are provided in Table 16. The Table includes the additional SDL Tx filtering required in order to ensure that IB = IOOB + 6dB. This criteria ensures that interference would always be dominated by the blocking of the T-DAB receiver and therefore that additional filtering of SDL emission would not significantly reduce the interference.
[bookmark: _Ref369598960]Table 16: IB+CL and IOOB+CL analysis of scenario D
	Frequency Separation 
T-DAB block edge –
SDL block edge (MHz)
	0.25
	0.5
	0.75
	1
	1.25
	1.5
	1.75
	2
	2.25

	IB+CL (dBm)
	29.4
	27.4
	23.8
	18.2
	10.7
	1.1
	-4.6
	-5.9
	-7

	IOOB+CL (dBm)
	11.2
	11.2
	11.2
	11.2
	11.2
	11.2
	11.2
	11.2
	11.2

	Additional Filtering Required to achieve IB=IOOB+6dB (dB)
	0
	0
	0
	0
	6.5
	16.0
	21.8
	23.0
	24.2



The resulting ‘Critical BEM’ for SDL Tx is provided in Table 17 and illustrated in Figure 9. The Critical BEM could be considered for base stations that are deployed less than 5 MHz away from an operating broadcasting transmitter. Note that the critical BEM only needs to be fulfilled over operational frequencies of broadcasting stations. For example, should a T-DAB carrier be deployed 3 MHz away from the SDL carrier, the critical mask only need to be fulfilled for frequency separations larger than 3 MHz.
[bookmark: _Ref369601164]Table 17: Critical SDL Tx BEM
	Frequency range of 
out-of-block emissions
	Maximum mean 
out-of-block e.i.r.p.
[dBm]
	Measurement 
Bandwidth
[MHz]

	0 – 1.3 MHz from block edge
	9.3
	1

	1.3-1.5 MHz from block edge
	2.8
	1

	1.5-1.8 MHz from block edge
	-6.7
	1

	1.8-2 MHz from block edge
	-12.4
	1

	2-2.3 MHz from block edge
	-13.7
	1

	2.3-5 MHz from block edge 
	-14.9
	1

	Remaining T-DAB frequencies
	-14.9
	1



[image: ]
[bookmark: _Ref369601181]Figure 9: SDL Critical BEM. BEM and OOB emission limits from ECC Decision (13)CC are provided for comparative purposes.
The ECC Decision (13)CC [2] adopts Base station OOB e.i.r.p. limits out of the band 1452-1492 MHz which are illustrated in Figure 9.  These OOB e.i.r.p. limits impose filtering of SDL OOB emission beyond the SDL BEM for frequency separation larger than 3MHz. It is noticeable that the Critical BEM corresponds approximately to the OOB e.i.r.p. limits for a frequency separation larger than 3MHz.
[bookmark: _Toc371669679]Implementability of Critical BEM
[Editing note: Is critical BEM implementable, at what cost, at what frequency separation?]
[bookmark: _Ref370715977][bookmark: _Toc371669680]MCL Analysis
[bookmark: _Toc371669681]Reference scenario: T-DAB vs T-DAB in adjacent blocks
The MCL required to avoid interference for the two reference scenarios is detailed in Table 18.
[bookmark: _Ref369788348]Table 18: MCL analysis, Scenario D, reference scenario (T-DAB vs T-DAB in adj. channel)
	Adjacent Channel
	T-DAB Transmitter
	Maximum in band equivalent interference field strength (dBm)
	IB + IOOB + CL (dBm)
	MCL (dB)
	Interfering Distance (km)

	1
	L-RN2, Peripheral Tx
	-104.6
	40.0
	144.5
	2.9

	
	L-RN2, Central Tx
	-104.6
	29.4
	134.0
	2.4

	
	L-RN1, Central Tx
	-104.6
	28.5
	133.0
	21.7

	
	L-RN1, Peripheral Tx
	-104.6
	25.4
	130.0
	18.0

	2
	L-RN2, Peripheral Tx
	-104.6
	1.4
	106.0
	0.21

	
	L-RN2, Central Tx
	-104.6
	-9.1
	95.4
	0.13

	
	L-RN1, Central Tx
	-104.6
	-10.1
	94.5
	0.87

	
	L-RN1, Peripheral Tx
	-104.6
	-13.1
	91.4
	0.6



The probability of interference for the reference scenario is provided in the Table 19 and illustrated in Figure 10.
[bookmark: _Ref370732602]Table 19: MCL analysis, Scenario D, reference scenario, Interference Probability.
	Adjacent Channel
	T-DAB Network
	Interference Probability (%)

	1
	L-RN1
	100

	
	L-RN2
	4

	2
	L-RN1
	0.29

	
	L-RN2
	0.02
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L-RN1, First T-DAB Adjacent Channel
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L-RN1, Second T-DAB Adjacent Channel
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L-RN2, First T-DAB Adjacent Channel
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L-RN2, Second T-DAB Adjacent Channel



[bookmark: _Ref370737589]Figure 10: MCL analysis, Scenario D, reference scenario, Interference Areas. 
[bookmark: _Toc371669682]Scenario D (MFCN vs broadcasting in adj. channel)
The MCL, required to avoid interference between SDL Tx and broadcasting Rx, is derived in Table 19 for an SDL Tx complying with the SDL BEM.
[bookmark: _Ref369798963]Table 20: MCL analysis, scenario D (SDL vs broadcasting in adj. channel), SDL BEM
	Frequency Separation 
T-DAB block edge –
SDL block edge (MHz)
	0.25
	0.5
	0.75
	1
	1.25
	1.5
	1.75
	2
	2.25

	Maximum in band equivalent interference field strength (dBm)
	-104.6

	IB + IOOB + CL (dBm)
	29.5
	27.5
	24.0
	19.0
	14.0
	11.6
	11.3
	11.3
	11.2

	MCL (dB)
	134.0
	132.1
	128.6
	123.6
	118.5
	116.1
	115.8
	115.8
	115.8

	Interfering Distance, Hata Urban (km)
	1.35
	1.19
	0.94
	0.67
	0.47
	0.4
	0.39
	0.39
	0.39

	Interfering Distance, Hata Rural (km)
	10.8
	9.5
	7.5
	5.3
	3.8
	3.2
	3.1
	3.1
	3.1



The MCL, required to avoid interference between SDL Tx and broadcasting Rx, is derived in Table 20 for an SDL Tx complying with the SDL Critical BEM.
[bookmark: _Ref369799099]Table 21: MCL analysis, scenario D (SDL vs broadcasting in adj. channel), SDL Critical BEM
	Frequency Separation 
T-DAB block edge –
SDL block edge (MHz)
	0.25
	0.5
	0.75
	1
	1.25
	1.5
	1.75
	2
	2.25

	Maximum in band equivalent interference field strength (dBm)
	-104.6

	IB + IOOB + CL (dBm)
	29.5
	27.5
	24.0
	19.0
	11.7
	2.1
	-3.6
	-4.9
	-6.0

	MCL (dB)
	134.0
	132.1
	128.6
	123.6
	116.2
	106.7
	101.0
	99.7
	98.5

	Interfering Distance, Hata Urban (km)
	1.35
	1.19
	0.94
	0.67
	0.41
	0.21
	0.14
	0.13
	0.12

	Interfering Distance, Hata Rural (km)
	10.8
	9.5
	7.5
	5.3
	3.2
	1.7
	1.1
	1.1
	1.0



The probabilities of interference for scenario D are provided in the and illustrated in for different frequency separation.
Table 22: MCL analysis, Scenario D, Interference Probability.
	Environment
	BEM
	Interference Probability (%)

	
	
	Frequency Separation 
T-DAB block edge –
SDL block edge (MHz)

	
	
	0.25
	0.5
	0.75
	1
	1.25
	1.5
	1.75
	2
	2.25

	Rural
	SDL BEM
	100
	100
	100
	60.4
	31
	22
	20.7
	20.7
	20.7

	
	Critical BEM
	100
	100
	100
	60.4
	22
	6.2
	2.6
	2.6
	2.1

	Urban
	SDL BEM
	100
	100
	100
	62
	30.5
	22.1
	21
	21
	21

	
	Critical BEM
	100
	100
	100
	62
	23.2
	6.1
	2.7
	2.3
	2
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Rural Deployment, SDL BEM
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Rural Deployment, Critical BEM
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Urban Deployment, SDL BEM
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Urban Deployment, Critical BEM


Figure 11: MCL analysis, Scenario D, Interference Areas.

[bookmark: _Ref370716148][bookmark: _Toc371669683]Monte-Carlo (Seamcat) analysis
[bookmark: _Toc371669684]Scenario L: Impact of MFCN SDL on systems of the Broadcasting service operating co-channel
In CEPT, the Maastricht Special Arrangement (MA02revCO07) [1] provides the technical and regulatory framework in order to facilitate the introduction of terrestrial mobile multimedia services (in addition to T-DAB) in the frequency band 1452 - 1479.5 MHz. The Plan can be modified in order to include new allotments using the procedures given in the MA02revCO07. In particular, MA02revCO07 allows the implementation of mobile multimedia services through the envelop concept and the aggregation of blocks. These concepts were described in CEPT Report 18 [5] in response to the Mandate on EU harmonisation of the band 1452-1479.5 MHz (lower part of L-band) to allow flexible use by mobile multimedia technologies. Flexible spectrum usage may be subject to international coordination according to the provisions of MA02revCO07 [1].

[bookmark: _Toc371669685]Aggregation of blocks 
The Arrangement further enables the aggregation of any number of contiguous 1.7 MHz blocks over a given area. In order to introduce terrestrial mobile multimedia services according to paragraph 2.4 of the Special Arrangement [1], the following provisions apply:
Paragraph 6.1.2
6.1.2 Services brought into use under the terms of paragraph 2.4 shall not cause more interference nor claim more protection than the relevant T-DAB allotments in the Plan. Systems with a bandwidth greater than one single T-DAB frequency block may be brought into operation by aggregating contiguous T-DAB frequency blocks which appear in the Plan under the conditions given in Annex 2.

Annex 2, Section 2.3.3:
If a system is to be brought into operation in accordance with paragraph 6.1.2 the radiated signal between the edges shall not exceed the limit as defined by the blue line in Figure 3 (example of two aggregated TDAB frequency blocks). Case 1 or Case 2 masks may be applied independently at either band edge of aggregated T-DAB frequency blocks.

[bookmark: _Toc371669686]Addition/modification of allotments 
The MA02revCO07 [1] contains procedures for the addition or modification of an allotment (Annex 4, section 3 of the MA02revCO07) which enables addition of new contiguous blocks in a given area. Co-ordination is necessary if a new allotment would:
· cause field strengths greater than or equal to 38 dB(μV/m) at the boundary of any other administration; or,
· with regard to any other services, cause field strengths greater than or equal to the maximum allowable interfering field strengths at the boundary of any other administration.
No coordination is required where the above limits are not exceeded. In practice, this corresponds to those parts of a country which are separated from the boundary of each neighbouring administration by a certain distance. This distance depends on:
· the reference network (see section 5 – Annex 2 - of the Special Arrangement) associated with a particular allotment;
· the type of service to be provided;
· the existence of other services in the neighbouring administration and
· the type of propagation path (Land, Cold Sea, Warm Sea or mixed) between the boundary of the new allotment and the boundary of each neighbouring administration.
[bookmark: _Toc371669687]Conclusion

The Maastricht Special Arrangement (MA02revCO07) [1] is in force, governing the use of 1452 – 1479.5 MHz band both for T-DAB and terrestrial mobile multimedia services (including MFCN SDL). Two countries parties to the Maastricht Special Arrangement must therefore coordinate their respective use of the band according to the terms of the Special Arrangement.
[The studies related to T-DAB vs SDL cross border coordination included in this report are therefore only relevant in cases where one of the two countries is not party to the Maastricht Special Arrangement.]

[bookmark: _Toc371669688]Scenario O: Impact of MFCN SDL on Aeronautical Telemetry systems operating co-channel
[bookmark: _Toc371669689]MCL Pathloss Derivation
The pathloss required to avoid interference from MFCN SDL to Aeronautical Telemetry systems will depend on the angle between the Aeronautical Telemetry system and the horizon, as indicated in Figure 10.


[bookmark: _Ref365034960]Figure 12: Pathloss required to avoid interference from MFCN SDL Tx to Aeronautical Telemetry Rx

[bookmark: _Toc371669690]Scenario P: Impact of systems of the Broadcasting service on MFCN SDL operating co-channel
As described in Section 5.1, the Maastricht Special Arrangement [1] is in force, governing the use of 1452 – 1479.5 MHz band both for T-DAB and terrestrial mobile multimedia services (including MFCN SDL). Two countries parties to the Maastricht Special Arrangement [1] must therefore coordinate their respective use of the band according to the terms of the Special Arrangement.
[The studies related to T-DAB vs SDL cross border coordination included in this report are therefore only relevant in cases where one of the two countries is not party to the Maastricht Special Arrangement [1].]

[bookmark: _Toc371669691]Scenario S: Impact of Aeronautical Telemetry systems on MFCN SDL operating co-channel
[bookmark: _Toc371669692]MCL Pathloss Derivation
A pathloss of 144 dB will be required to avoid interference from Aeronautical Telemetry transmitters to MFCN SDL Rx. 
[bookmark: _Toc371669693]Conclusions
Body text (style: ECC Paragraph)
(advice: a conclusion may review the main points of the ECC Report. A conclusion might elaborate on the results of the ECC Report and suggest extensions.)
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[bookmark: _Toc371669694]MFCN UE parameters
Body text (style: ECC Paragraph)
LTE UE Blocking parameters
Editor’s note: extract the right value from the table below for LTE 5MHz and Target Desens = 3dB.
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[bookmark: _Toc371669695]Aeronautical telemetry spectral mask
Spectral mask definitions for aeronautical telemetry applications in L-band (1452-1492 MHz) are not readily available in ITU-R or ETSI technical documentation. A telemetry group of the US Range Commanders Council (RCC) has developed IRIG 106, a comprehensive telemetry standard to ensure interoperability in aeronautical telemetry applications. It is proposed to consider the definition of the spectral mask defined in this Standard for use in this Report in co- and adjacent channel scenarios between MFCN and aeronautical telemetry devices. This annex contains the mask definition (as given in the Telemetry Standard), a MATLAB script that generates the spectral masks according to this definition, and examples of spectral masks for three typical signals used in aeronautical telemetry.
[It has to be checked whether receiver characteristics are also available in the referred standard.]
Mask definition
Aeronautical telemetry applications are covered by the RCC Telemetry Standard [1].
A definition of the spectral mask from this standard is given in this section.
	
All spectral components larger than  [dBc] at the transmitter output must be within the spectral mask calculated using the following equation

, for  
where
 - power relative to transmitter power  [W], in units of [dBc] at frequency  [MHz]



 - transmitter center frequency [MHz]



Number of states in modulating signal  

 - peak deviation of the carrier frequency

- maximum modulation frequency

Binary signals include all modulation signals with two states, whereas quaternary signals include all modulation signals with four states (quadrature phase shift keying, FQPSK-B, etc.)
Examples
Aeronautical telemetry applications are covered by the RCC Telemetry Standard [1].
A definition of the spectral mask from this standard is given in this section.
	
Typical 5 Mbps RNRZ PCM/FM Spectral Mask

Spectral mask for a typical 5-Mbps PCM/FM binary signal, 5 W transmitter power using 300 kHz resolution bandwidth.
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Typical 5 Mbps QPSK/SOQPSK-TG Spectral Mask

Spectral mask for a typical 5 Mbps QPSK/SOQPSK-TG quaternary signal, 5 W transmitter power with 300 kHz resolution bandwidth.

[image: ]

Typical 5 Mbps ARTM CPM Spectral Mask

Spectral mask for a typical 5 Mbps ARTM CPM quaternary signal, 5 W transmitter power and 300 kHz resolution bandwidth.

[image: ]

MATLAB script
The Matlab script used to produce the figures and the ASCII files presented in the previous sections is attached here.


List of abbreviations
Traditional modulation methods for aeronautical telemetry:

FM – frequency modulation
PM – phase modulation
PCM/FM – pulse code modulation/frequency modulation
CPFSK – continuous phase frequency shift keying
NRZ-L – non-return-to-zero-level signal
FQPSK – Feher’s patented quadrature phase shift keying
SOQPSK-TG – Shaped offset quadrature phase shift keying
ARTM CPM – Advanced Range Telemetry continuous phase modulation

References
[1] Telemetry Standards, IRIG Standard 106-13 (Part 1), June 2013.
http://www.irig106.org/docs/106-13/

[bookmark: _Toc371669696]Analysis of Specific T-DAB implementation
Example of T-DAB implementation
The following figures provides example of the different possible configurations of T-DAB implementation in the L-band and the compatibility scenario with SDL.
In this example , T-DAB is implemented in the lower part of the frequency band.

This analysis allows to identify the frequency gap between the upper edge of the last T-DAB channel and the lower end of the closest SDL block.
The mask values are provided in annex 3.

Scenario N°1:

If LI T-DAB channel is used with 5 MHz SDL channel bandwidth, the frequency gap is 4,576 MHz. 

[image: ]

In this case, the receiver and transmitter masks superimposition is shown in the following figure:
[image: ]


The T-DAB receiver blocking mean value, suggested to be used for SEAMCAT simulation, is -75dBc. 


Scenario N°2:

If LJ T-DAB channel is used with 5 MHz SDL channel bandwidth, the frequency gap is 2,864 MHz. 

[image: ]

In this case, the receiver and transmitter masks superimposition is shown in the following figure:
[image: ]


The T-DAB receiver blocking mean value, suggested to be used for SEAMCAT simulation, is -75dBc. 

Scenario N°3:

If LI T-DAB channel is used with a last SDL channel bandwidth of 3 MHz, the frequency gap is 1,576 MHz. 

[image: ]

In this case, the receiver and transmitter masks superimposition is shown in the following figure:

[image: ]


The T-DAB receiver blocking mean value, suggested to be used for SEAMCAT simulation, is -70dBc. 

Scenario N°A:

If LI T-DAB channel is used with a LJ T-DAB channel, the frequency gap is 0,176 MHz. 

[image: ]

In this case, the receiver and transmitter masks superimposition is shown in the following figure:

[image: ]


The T-DAB receiver blocking mean value, suggested to be used for SEAMCAT simulation, is -29dBc. 

Scenario N°B:

If LI T-DAB channel is used with a LK T-DAB channel, the frequency gap is 1,888 MHz. 

[image: ]

In this case, the receiver and transmitter masks superimposition is shown in the following figure:

[image: ]


The T-DAB receiver blocking mean value, suggested to be used for SEAMCAT simulation, is -70dBc. 

Introduction of the compatibility studies

The purpose of this study is to analyse the compatibility in L Band between T-DAB network and SDL network in adjacent band. The interference of T-DAB station on another T-DAB station in adjacent band is also conducted.



Section 5.3.2.1 presents the results of calculations of T-DAB receiver interference from another T-DAB network in adjacent band.    


Section 5.3.2.2 contains the results of calculations of T-DAB receiver interference from SDL network in adjacent band working at a higher frequency. For the study, the configuration considered is T-DAB using channels LA to miscellaneous channels and SDL is above, but the same results are applicable for other channels. 


The annex 1 contains the T-DAB and SDL parameters used for calculations and simulations of the section 2.

SEAMCAT software has been used for the interference simulations in different cases. It is assumed that:
· victim receiver remains in the T-DAB transmitter coverage,
· random location of the victim receiver in the T-DAB or SDL transmitter coverage

Compatibility studies

Reference configuration: T-DAB receiver interference calculation from T-DAB

May have to be updated
The following table contains the scenario with a different gap between T-DAB emission block and T-DAB receiver block. In this example, the T-DAB receiver block is LI and the T-DAB emission block is at a higher frequency.

	Table 11 – Simulation parameters for T-DAB interfering with T-DAB

	T-DAB interfering with T-DAB
	Center frequency (MHz)
	Bandwidth
(MHz)
	Gap from upper end of LI block to lower end of interfering T-DAB channel (MHz), Δf
	Results

	T-DAB Rx in LI
	1466.656
	1465.888 – 1467.424
	
	

	T-DAB Tx in LJ block
	1468.368
	1467.600 – 1469.136
	0.176
	Table 12

	T-DAB Tx in LK block
	1470.080
	1469.312 – 1470.848
	1.888
	Table 13



The following table presents the interference probability in percentage of T-DAB receiver blocking interference from T-DAB emission block with a frequency gap of 0.176 MHz, for different path loss configuration.


	Table 12 - SIMULATION RESULTS
T-DAB Victim fc= 1466.656 MHz
T-DAB Interfering fc= 1468.368 MHz
Δf = 0.176 MHz
	Units
	Case A (Urban propagation) (Figure 22)
	Case B (Rural propagation) (Figure 23)

	Interference probability due to unwanted emissions
	%
	2.50
	3.34

	Interference probability due to receiver blocking
	%
	4.29
	5.12




The following table presents the interference probability in percentage of T-DAB receiver blocking interference from T-DAB emission block with a frequency gap of 1.888 MHz, for different path loss configuration.

	Table 13 - SIMULATION RESULTS
T-DAB Victim fc= 1466.656 MHz
T-DAB Interfering fc= 1470.080 MHz
Δf = 1.888 MHz
	Units
	Case A (Urban propagation) (Figure 24)
	Case B (Rural propagation) (Figure 25)

	Interference probability due to unwanted emissions
	%
	0.02
	0.01

	Interference probability due to receiver blocking
	%
	0.04
	0.03




T-DAB receiver interference calculation from SDL
To update with new input data


Study of T-DAB receiver blocking interference from SDL emission in a adjacent band at a lower frequency

To update with new input data


Comparison study of SDL receiver blocking interference from T-DAB and SDL emissions in adjacent band.
The following chart shows the comparison of Cumulative Distribution Function (C.D.F.) of SDL receiver blocking interference from SDL emission in adjacent band and from T-DAB in adjacent band in a rural environment.
It can be pointed out that interference from T-DAB emission remains at lower level than interference from SDL emissions. 
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[bookmark: _Toc371669697]SDL and T-DAB compatibility calculations
Compatibility study SDL interfering with T-DAB in adjacent band

Table 1: T-DAB frequency blocks
[image: Capture d’écran 2012-12-16 à 12]

	Table 2 – T-DAB reception parameters

	Parameter
	Value
	Unit
	Source

	T-DAB block LI
	1465.888-1457.424
	MHz
	

	Center frequency
	1466.656
	MHz
	Source : Maastricht (Centre frequency block LI)

	Bandwidth
	1.536
	MHz
	Source : Maastricht

	Noise Floor, KTB
	-112.11
	dB
	KTB= -198.6 + 10*log10(290) + 10*log10(1.536) + 60.

	Noise Figure, NF
	7
	dB
	

	Receiver sensitivity
	-95.11
	dBm
	Sens = KTB+NF+10  = -112.11 +7 +10 = -95.11

	Antenna Gain
	-1
	dBi
	

	Antenna height
	1.5
	m
	Source : Maastricht

	Receiver Blocking Mask
	Figure 1
	
	Source : Maastricht

	Minimum median equivalent field strength @ 10m, E(dBuV/m)
	69
	dBuV/m
	Source : Maastricht

	Minimum median equivalent field strength @ 1.5m, E(dBuV/m)
	56
	dBuV/m
	Source : Maastricht
E@1.5m = E@10m – 13 dB = 69-13 = 56

	Desired received signal strength (dRSS).
	-84.53
	dBm
	Pr(dBm)= E (dBuV/m)-20Log(f(MHz))-77.2 = 56 – 20*Log(1466.656)-77.2 =  -84.53

	Intra-Service Adjacent-block C/I
	-30
	dB
	Source : Maastricht

	Intra-Service Co-block C/I
	10
	dB
	Source : Maastricht




	Table 3 – T-DAB emission parameters

	Parameter
	Value
	Unit
	Source

	Tx eirp
	67
	dBm
	Source : Maastricht

	Bandwidth
	1.536
	MHz
	Source : Maastricht

	Antenna height
	150
	m
	Source : Maastricht

	Tx emission mask
	Figure 2
	
	Source : Maastricht

	desired received signal strength (dRSS)
	-71.53
	dBm
	Pr(dBm)= E (dBuV/m)-20Log(f(MHz))-77.2 = 69 – 20*Log(1466.656)-77.2 = -71.53

	Intra-Service Adjacent-block C/I
	-30
	dB
	Source : Maastricht

	Intra-Service Co-block C/I
	10
	dB
	Source : Maastricht

	Case A – Urban. Propagation Model
	Hata Modified - Urban
	
	

	Case A - Coverage radius : Maximum distance for 69dBuV/m 
	11000
	m
	Approximate value

	Case B – Rural. Propagation Model
	Hata Modified - Rural
	
	

	Case B - Coverage radius : Maximum distance for 69dBuV/m 
	30000
	m
	Approximate value



	Table 4 – SDL emission parameters

	Parameter
	Value
	Unit
	Source

	System
	OFDMA (DL)
	
	

	Number of BS in the system
	3
	
	

	System Bandwidth
	5
	MHz
	ECC PT1(13)032_Annex11

	Case A : Urban propagation. Typical cell radius 
	1.731
	km
	4-5-6-7/49 

	Case B : Rural propagation. Typical cell radius 
	6.928
	km
	4-5-6-7/49 

	Antenna height
	30
	m
	4-5-6-7/49

	Sectorization
	3
	sectors
	4-5-6-7/49

	Downtilt
	3
	degrees
	4-5-6-7/49

	Case 1 :Maximal in-block EIRP 
	68
	dBm/5MHz
	

	Case 2 : Maximal in-block EIRP 
	61
	dBm/5MHz
	

	Out-of-block emissions for case 1
(-5 to 0 MHz from lower block edge)
	See table
	
	ECC PT1(13)032_Annex11

	Out-of-block emissions for case 2
(-5 to 0 MHz from lower block edge)
	See table
	
	ECC PT1(13)032_Annex11

	Feeder loss
	3
	dB
	

	Emission Mask for cases 1 and 2
	Figure 3
	
	

	Antenna gain
	17
	dBi
	4-5-6-7/49

	BS Max Tx Power for case 1
	54
	dBm
	=68dBm -17dBi + 3dB = 54 dBm

	BS Max Tx Power for case 2
	47
	dBm
	=61dBm -17dBi + 3dB = 47 dBm

	Horizontal antenna pattern
	Figure 4
	
	

	Vertical antenna pattern
	Figure 5
	
	

	Case A : Urban propagation.
Propagation Model 
	Hata modified (urban)
	
	

	Case B : Rural propagation.
Propagation Model
	Hata modified (rural)
	
	

	Case 1A - Simulation radius
	2000
	m
	4-5-6-7/49. Typical value.

	Case 1B - Simulation radius
	8000
	m
	4-5-6-7/49. Typical value.

	Case 2A - Simulation radius
	2000
	m
	4-5-6-7/49. Typical value.

	Case 2B - Simulation radius
	8000
	m
	4-5-6-7/49. Typical value.



	Table 5: Base station BEM out-of-block EIRP limits within the band 1452-1492 MHz per antenna

	Frequency range of 
out-of-block emissions
	Maximum mean 
out-of-block EIRP [dBm]
	Measurement 
Bandwidth
[MHz]
	Attenuation for EIRP = 68 dBm
[dBm/5MHz]
	Attenuation for EIRP = 61 dBm
[dBm/5MHz]

	–10 to –5 MHz from lower block edge
	11 dBm 
	5 MHz
	-57
	-50

	–5 to 0 MHz from lower block edge
	16.3 dBm 
	5 MHz
	-52
	-45

	0 to +5 MHz from upper block edge
	16.3 dBm 
	5 MHz
	-52
	-45

	+5 to +10 MHz from upper block edge
	11 dBm 
	5 MHz
	-57
	-50

	Remaining MFCN SDL frequencies
	9 dBm 
	5 MHz
	-59
	-52




	Figure 1 – T-DAB Integrated Receiver blocking masks

	T-DAB Integrated Rx blocking mask for SDL emissions
	T-DAB Integrated Rx blocking mask for T-DAB emissions
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	Figure 2 – T-DAB Emission Mask
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	Figure 4 – SDL Horizontal antenna pattern
	Figure 5 – SDL Vertical antenna pattern

	[image: Capture d’écran 2012-12-14 à 3]
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	Table 6 – Simulation parameters for SDL interfering with T-DAB

	SDL interfering with T-DAB
	Center frequency (MHz)
	Bandwidth
(MHz)
	Gap from upper end of LI block to lower end of interfering SDL channel (MHz)
	Results

	T-DAB Rx in LI block
	1466.656
	1465.888 – 1467.424
	
	

	SDL Tx starting on upper end of LI block
	1469.924
	1467.424 – 1472.424
	0
	Table 7

	SDL Tx starting on lower end LJ block
	1470.100
	1467.600 – 1472.600
	0.176 
	Table 8

	SDL Tx starting inside LJ block
	1470.900
	1468.400 – 1473.400
	0.976
	Table 9

	
	
	
	Gap from upper end of interfering SDL channel to lower end of LF
Block (MHz)
	

	T-DAB Rx in LF block
	1461.520
	1460.752 – 1462.288
	
	

	SDL Tx below 1460 MHz
	1457.500
	1455.000 - 1460.000
	0.752
	Table 10



	Table 7 - SIMULATION RESULTS

	T-DAB fc= 1466.656 MHz
SDL fc= 1469.924 MHz
	Units
	Case 1A
(SDL EIRP = 68 dBm,
Urban)
(Figure 6)
	Case 1B
(SDL EIRP = 68 dBm,
Rural)
(Figure 7)
	Case 2A
(SDL EIRP = 61 dBm,
Urban)
(Figure 8)
	Case 2B
(SDL EIRP = 61 dBm,
Rural)
(Figure 9)

	Interference probability due to unwanted emissions
	% 
	2.80
	1.55
	1.51
	0.69

	Interference probability due to receiver blocking
	%
	39.59
	27.90
	22.02
	14.96




	
Table 8 - SIMULATION RESULTS

	T-DAB fc= 1466.656 MHz
SDL fc= 1470.100 MHz
	Units
	Case 1A
(SDL EIRP = 68 dBm,
Urban)
(Figure 10)
	Case 1B
(SDL EIRP = 68 dBm,
Rural)
(Figure 11)
	Case 2A
(SDL EIRP = 61 dBm,
Urban)
(Figure 12)
	Case 2B
(SDL EIRP = 61 dBm,
Rural)
(Figure 13)

	Interference probability due to unwanted emissions
	% 
	1.23
	0.67
	0.72
	0.15

	Interference probability due to receiver blocking
	%
	17.76
	12.41
	8.07
	5.50



	Table 9 - SIMULATION RESULTS

	T-DAB fc= 1466.656 MHz
SDL fc= 1470.900 MHz
	Units
	Case 1A
(SDL EIRP = 68 dBm,
Urban)
(Figure 14)
	Case 1B
(SDL EIRP = 68 dBm,
Rural)
(Figure 15)
	Case 2A
(SDL EIRP = 61 dBm,
Urban)
(Figure 16)
	Case 2B
(SDL EIRP = 61 dBm,
Rural)
(Figure 17)

	Interference probability due to unwanted emissions
	% 
	0.04
	0.01
	0.01
	0.00

	Interference probability due to receiver blocking
	%
	4.71
	2.86
	2.29
	1.38




	Table 10 - SIMULATION RESULTS

	T-DAB fc= 1461.520 MHz
SDL fc= 1457.500 MHz
	Units
	Case 1A
(SDL EIRP = 68 dBm,
Urban)
(Figure 18)
	Case 1B
(SDL EIRP = 68 dBm,
Rural)
(Figure 19)
	Case 2A
(SDL EIRP = 61 dBm,
Urban)
(Figure 20)
	Case 2B
(SDL EIRP = 61 dBm,
Rural)
(Figure 21)

	Interference probability due to unwanted emissions
	% 
	0.05
	0.03
	0.02
	0.00

	Interference probability due to receiver blocking
	%
	8.46
	5.69
	3.79
	2.45






	
Figure 6 – SDL vs T-DAB Simulation Summary – case 1A (SDL EIRP = 68 dBm, urban)
T-DAB fc= 1466.656 MHz
SDL fc= 1469.924 MHz

	[image: ]

	Figure 7 – SDL vs T-DAB Simulation Summary – case 1B (SDL EIRP = 68 dBm, rural)
T-DAB fc= 1466.656 MHz
SDL fc= 1469.924 MHz

	[image: ]



	Figure 8 – SDL vs T-DAB Simulation Summary – case 2A (SDL EIRP = 61 dBm, urban)
T-DAB fc= 1466.656 MHz
SDL fc= 1469.924 MHz

	[image: ]



	Figure 9 – SDL vs T-DAB Simulation Summary – case 2B (SDL EIRP = 61 dBm, rural)
T-DAB fc= 1466.656 MHz
SDL fc= 1469.924 MHz

	[image: ]



	
Figure 10 – SDL vs T-DAB Simulation Summary – case 1A (SDL EIRP = 68 dBm, urban)
T-DAB fc= 1466.656 MHz
SDL fc= 1470.100 MHz

	[image: ]



	Figure 11 – SDL vs T-DAB Simulation Summary – case 1B (SDL EIRP = 68 dBm, rural)
T-DAB fc= 1466.656 MHz
SDL fc= 1470.100 MHz

	[image: ]



	Figure 12 – SDL vs T-DAB Simulation Summary – case 2A (SDL EIRP = 61 dBm, urban)
T-DAB fc= 1466.656 MHz
SDL fc= 1470.100 MHz

	[image: ]



	Figure 13 – SDL vs T-DAB Simulation Summary – case 2B (SDL EIRP = 61 dBm, rural)
T-DAB fc= 1466.656 MHz
SDL fc= 1470.100 MHz
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Figure 14 – SDL vs T-DAB Simulation Summary – case 1A (SDL EIRP = 68 dBm, urban)
T-DAB fc= 1466.656 MHz
SDL fc= 1470.900 MHz
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	Figure 15 – SDL vs T-DAB Simulation Summary – case 1B (SDL EIRP = 68 dBm, rural)
T-DAB fc= 1466.656 MHz
SDL fc= 1470.900 MHz
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	Figure 16 – SDL vs T-DAB Simulation Summary – case 2A (SDL EIRP = 61 dBm, urban)
T-DAB fc= 1466.656 MHz
SDL fc= 1470.900 MHz
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	Figure 17 – SDL vs T-DAB Simulation Summary – case 2B (SDL EIRP = 61 dBm, rural)
T-DAB fc= 1466.656 MHz
SDL fc= 1470.900 MHz
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Figure 18 – SDL vs T-DAB Simulation Summary – case 1A (SDL EIRP = 68 dBm, urban)
T-DAB fc= 1461.520 MHz
SDL fc= 1457.500 MHz
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	Figure 19 – SDL vs T-DAB Simulation Summary – case 1B (SDL EIRP = 68 dBm, rural)
T-DAB fc= 1461.520 MHz
SDL fc= 1457.500 MHz

	[image: ]



	Figure 20 – SDL vs T-DAB Simulation Summary – case 2A (SDL EIRP = 61 dBm, urban)
T-DAB fc= 1461.520 MHz
SDL fc= 1457.500 MHz

	[image: ]



	Figure 21 – SDL vs T-DAB Simulation Summary – case 2B (SDL EIRP = 61 dBm, rural)
T-DAB fc= 1461.520 MHz
SDL fc= 1457.500 MHz

	[image: ]



Compatibility study T-DAB interfering with T-DAB in adjacent band
	Table 11 – Simulation parameters for T-DAB interfering with T-DAB

	T-DAB interfering with T-DAB
	Center frequency (MHz)
	Bandwidth
(MHz)
	Gap from upper end of LI block to lower end of interfering T-DAB channel (MHz)
	Results

	T-DAB Rx
	1466.656
	1465.888 – 1467.424
	
	

	T-DAB Tx in LJ block
	1468.368
	1467.600 – 1469.136
	0.176
	Table 12

	T-DAB Tx in LK block
	1470.080
	1469.312 – 1470.848
	1.888
	Table 13




	Table 12 - SIMULATION RESULTS
T-DAB Victim fc= 1466.656 MHz
T-DAB Interfering fc= 1468.368 MHz
	Units
	Case A (Urban propagation) (Figure 22)
	Case B (Rural propagation) (Figure 23)

	Interference probability due to unwanted emissions
	%
	02,50
	03,34

	Interference probability due to receiver blocking
	%
	04,29
	05,12



	Table 13 - SIMULATION RESULTS
T-DAB Victim fc= 1466.656 MHz
T-DAB Interfering fc= 1470.080 MHz
	Units
	Case A (Urban propagation) (Figure 24)
	Case B (Rural propagation) (Figure 25)

	Interference probability due to unwanted emissions
	%
	00,02
	00,01

	Interference probability due to receiver blocking
	%
	00,04
	00,03



	Figure 22 – T-DAB vs T-DAB Simulation Summary for case A – urban
T-DAB Victim fc= 1466.656 MHz
T-DAB Interfering fc= 1468.368 MHz
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	Figure 23 – T-DAB vs T-DAB Simulation Summary for case B – rural
T-DAB Victim fc= 1466.656 MHz
T-DAB Interfering fc= 1468.368 MHz

	[image: ]



	Figure 24 – T-DAB vs T-DAB Simulation Summary for case A – urban
T-DAB Victim fc= 1466.656 MHz
T-DAB Interfering fc= 1470.080 MHz

	[image: ]

	Figure 25 – T-DAB vs T-DAB Simulation Summary for case B – rural
T-DAB Victim fc= 1466.656 MHz
T-DAB Interfering fc= 1470.080 MHz

	[image: ]
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ASCII data for  SEAMCAT


PCM_FM_binary_5_W_5_Mbps.txt
		-10.00		-61.99		300.00

		-9.31		-61.99		300.00

		-8.62		-58.65		300.00

		-7.93		-55.03		300.00

		-7.24		-51.07		300.00

		-6.55		-46.73		300.00

		-5.86		-41.90		300.00

		-5.17		-36.46		300.00

		-4.48		-30.25		300.00

		-3.79		-22.99		300.00

		-3.10		-14.28		300.00

		-2.41		0.00		300.00

		-1.72		0.00		300.00

		-1.03		0.00		300.00

		-0.34		0.00		300.00

		0.34		0.00		300.00

		1.03		0.00		300.00

		1.72		0.00		300.00

		2.41		0.00		300.00

		3.10		-14.28		300.00

		3.79		-22.99		300.00

		4.48		-30.25		300.00

		5.17		-36.46		300.00

		5.86		-41.90		300.00

		6.55		-46.73		300.00

		7.24		-51.07		300.00

		7.93		-55.03		300.00

		8.62		-58.65		300.00

		9.31		-61.99		300.00

		10.00		-61.99		300.00
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FQPSK_SOQPSK_quatenary_5_W_5_Mbps.txt
		-10.00		-61.99		300.00

		-9.31		-61.99		300.00

		-8.62		-61.99		300.00

		-7.93		-61.99		300.00

		-7.24		-61.99		300.00

		-6.55		-61.99		300.00

		-5.86		-61.99		300.00

		-5.17		-61.99		300.00

		-4.48		-61.99		300.00

		-3.79		-55.99		300.00

		-3.10		-47.28		300.00

		-2.41		-36.36		300.00

		-1.72		-21.75		300.00

		-1.03		0.00		300.00

		-0.34		0.00		300.00

		0.34		0.00		300.00

		1.03		0.00		300.00

		1.72		-21.75		300.00

		2.41		-36.36		300.00

		3.10		-47.28		300.00

		3.79		-55.99		300.00

		4.48		-61.99		300.00

		5.17		-61.99		300.00

		5.86		-61.99		300.00

		6.55		-61.99		300.00

		7.24		-61.99		300.00

		7.93		-61.99		300.00

		8.62		-61.99		300.00

		9.31		-61.99		300.00

		10.00		-61.99		300.00
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ASCII data for  SEAMCAT


ARTM_CPM_quatenary_5_W_5_Mbps.txt
		-10.00		-61.99		300.00

		-9.31		-61.99		300.00

		-8.62		-61.99		300.00

		-7.93		-61.99		300.00

		-7.24		-61.99		300.00

		-6.55		-61.99		300.00

		-5.86		-61.99		300.00

		-5.17		-61.99		300.00

		-4.48		-61.99		300.00

		-3.79		-61.99		300.00

		-3.10		-59.28		300.00

		-2.41		-48.36		300.00

		-1.72		-33.75		300.00

		-1.03		0.00		300.00

		-0.34		0.00		300.00

		0.34		0.00		300.00

		1.03		0.00		300.00

		1.72		-33.75		300.00

		2.41		-48.36		300.00

		3.10		-59.28		300.00

		3.79		-61.99		300.00

		4.48		-61.99		300.00

		5.17		-61.99		300.00

		5.86		-61.99		300.00

		6.55		-61.99		300.00

		7.24		-61.99		300.00

		7.93		-61.99		300.00

		8.62		-61.99		300.00

		9.31		-61.99		300.00

		10.00		-61.99		300.00
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MATLAB script


SM.m
% This MATLAB script computes the spectral emission masks for three typical 

% signals used in aeronautical telemetry, according to the definition given

% in Telemetry Standards, IRIG Standard 106-13 (Part 1), June 2013. 

% http://www.irig106.org/docs/106-13/

% and namely:

% 1) 5 Mbps NRZ PCM/FM binary signal with the transmit power 5 W

% 2) 5 Mbps FQPSK/SOQPSK quaternary signal with the transmit power 5 W

% 3) 5 Mbps ARTM CPM quaternary signal with the transmit power 5 W 

% The computed emission masks are plotted in figures and saved in

% corresponding *.emf and *.txt files. The ascii *.txt files can be

% directly imported in SEAMCAT.

%

% Rev   Date        Author                          Description

%-------------------------------------------------------------------------------

% v1    30OCT13     Ivica Stevanovic, OFCOM         Initial version





clear all

close all

clc



% font size in figures

fontsize = 15;

% channel bandwidth (MHz)

fspan = 20;

% number of points

NN = 30



%% Spectral mask for 5 Mbps NRZ PCM/FM binary signal 

%  with transmitter power 5 W 



% Transmitter power [W]

P = 5;



% Transmitter central frequency (MHz)

fc = 1462;  



% K = -20 for analog signals

% K = -28 for binary signals

% K = -61 for FQPSK-B, FQPSK-JR, SOQPSK-TG

% K = -73 for AERM CPM

K = -28;



% bit rate (Mbps) for digital signals, or (df + fmax) (MHz) for analog

%signals

R = 5;



% number of states in modulating signal 

% m = 2 for binary signals

% m = 4 for quaternary and analog signals

m = 2;



filename =['PCM_FM_binary_' num2str(P) '_W_' num2str(R) '_Mbps'];



f = linspace(fc - fspan/2, fc + fspan/2, NN);



for i = 1 : length(f)

   if abs(f(i) - fc) >= R/m

       M(i) = K + 90 * log10(R) - 100 * log10(abs(f(i) - fc));

   end

end

kk = find( M < - (55 + 10*log10(P)) );

M(kk) = - (55 + 10*log10(P)  );



ll = find(M > 0);

M(ll) = 0;



hfig = figure(1);

plot(f-fc,M,'LineWidth',1)

set(gca,'XLim',[-fspan/2, +fspan/2])

set(gca,'FontSize',fontsize);

grid on

xlabel('Frequency offset f-f_c (MHz)')

ylabel('Power (dBc)')



% save as emf

outfilename=[filename '.emf'];

saveas(hfig,outfilename);



% save as text file to be used by SEAMCAT

outfilename = [filename '.txt'];

fid = fopen(outfilename,'w');

out = [(f-fc).', M.', ones(size(M.'))*300];

fprintf(fid, '%.2f\t%.2f\t%.2f\n', out' )

fclose(fid)



%% Spectral mask for 5 Mbps FQPSK/SOQPSK quaternary signal 

%  with transmitter power 5 W 



% Transmitter power [W]

P = 5;



% Transmitter central frequency (MHz)

fc = 1462;  



% K = -20 for analog signals

% K = -28 for binary signals

% K = -61 for FQPSK-B, FQPSK-JR, SOQPSK-TG

% K = -73 for AERM CPM

K = -61;



% bit rate (Mbps) for digital signals, or (df + fmax) (MHz) for analog

%signals

R = 5;



% number of states in modulating signal 

% m = 2 for binary signals

% m = 4 for quaternary and analog signals

m = 4;



filename =['FQPSK_SOQPSK_quatenary_' num2str(P) '_W_' num2str(R) '_Mbps'];



f = linspace(fc - fspan/2, fc + fspan/2, NN);



for i = 1 : length(f)

   if abs(f(i) - fc) >= R/m

       M(i) = K + 90 * log10(R) - 100 * log10(abs(f(i) - fc));

   end

end

kk = find( M < - (55 + 10*log10(P)) );

M(kk) = - (55 + 10*log10(P)  );



ll = find(M > 0);

M(ll) = 0;



hfig = figure(2);

plot(f-fc,M,'LineWidth',1)

set(gca,'XLim',[-fspan/2, +fspan/2])

set(gca,'FontSize',fontsize);

grid on

xlabel('Frequency offset f-f_c (MHz)')

ylabel('Power (dBc)')



% save as emf

outfilename=[filename '.emf'];

saveas(hfig,outfilename);



% save as text file to be used by SEAMCAT

outfilename = [filename '.txt'];

fid = fopen(outfilename,'w');

out = [(f-fc).', M.', ones(size(M.'))*300];

fprintf(fid, '%.2f\t%.2f\t%.2f\n', out' )

fclose(fid)





%% Spectral mask for 5 Mbps ARTM CPM quaternary signal 

%  with transmitter power 5 W 



% Transmitter power [W]

P = 5;



% Transmitter central frequency (MHz)

fc = 1462;  



% K = -20 for analog signals

% K = -28 for binary signals

% K = -61 for FQPSK-B, FQPSK-JR, SOQPSK-TG

% K = -73 for AERM CPM

K = -73;



% bit rate (Mbps) for digital signals, or (df + fmax) (MHz) for analog

%signals

R = 5;



% number of states in modulating signal 

% m = 2 for binary signals

% m = 4 for quaternary and analog signals

m = 4;



filename =['ARTM_CPM_quatenary_' num2str(P) '_W_' num2str(R) '_Mbps'];



f = linspace(fc - fspan/2, fc + fspan/2, NN);



for i = 1 : length(f)

   if abs(f(i) - fc) >= R/m

       M(i) = K + 90 * log10(R) - 100 * log10(abs(f(i) - fc));

   end

end

kk = find( M < - (55 + 10*log10(P)) );

M(kk) = - (55 + 10*log10(P)  );



ll = find(M > 0);

M(ll) = 0;



hfig = figure(3);

plot(f-fc,M,'LineWidth',1)

set(gca,'XLim',[-fspan/2, +fspan/2])

set(gca,'FontSize',fontsize);

grid on

xlabel('Frequency offset f-f_c (MHz)')

ylabel('Power (dBc)')



% save as emf

outfilename=[filename '.emf'];

saveas(hfig,outfilename);



% save as text file to be used by SEAMCAT

outfilename = [filename '.txt'];

fid = fopen(outfilename,'w');

out = [(f-fc).', M.', ones(size(M.'))*300];

fprintf(fid, '%.2f\t%.2f\t%.2f\n', out' )

fclose(fid)
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