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	Summary:

	This contribution contains a study on required protection criteria for LTE when coordinating with ARNS stations.

	Proposal:

	It is proposed that PTD should consider this document when further developing for the ECP for Issue B of agenda Item 1.17. 


	Background: In document CPM11-2/44 method B2 is described. However, in Annex 6 it is noted that the protection criteria for MS are to be developed and presented in a separate document, which was done in document CPM11-2/129 rev1.  This contribution contains further developed figures for the MS protection criteria.  

	


1 Introduction

Criteria for protection of the MS against interference from ARNS radars is presented in this document. These criteria are derived based on results from work in SE21, and both I/N and field strength thresholds are derived. 
2 Characteristics

Operating frequencies and bandwidths for the transmitters of the Aeronautical Radio Navigation System (ARNS), according to ITU-R REC M.1830 has been used. For the mobile service ECC DEC(09)03 has been assumed.
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Figure 1: Spectrum usage in the 790-862 MHz band according to ECC DEC(09)03 and ITU-R REC M.1830

Table 1: Aeronautical radionavigation systems characteristics in the band 645-862 MHz according to ITU-R REC M.1830
	Type of station

Characteristics
	RSBN
	RLS 2 (Type 1)
	RLS 2 (Type 2)
	RLS 1 (Type 1)
	RLS 1 (Type 2)

	Application
	“Air-Ground”
	Secondary radars – Type 1 
(air traffic control)
	Secondary radars – Type 2
	Primary radars – Type 1
	Primary radars – Type 2

	Transmitter characteristics

	Station name
	Aircraft transmitter
	Ground radar transmitter
	Aircraft transponder transmitter
	Ground radar transmitter 
	Aircraft transponder transmitter 
	Ground radar transmitter 
	Ground radar transmitter 

	Place of station 
	Aircraft
	Airfields
	Aircraft
	Airfields
	Aircraft
	Airfields
	Airfields

	Maximum effective radiated pulse power (e.r.p.) (dBW)
	30.5
	48
	35
	69.5
	34.5
	82
	82

	Pulse power (dBW)
	27
	31
	32
	40
	31
	52.5
	52.5

	Mean power (dBW)
	0.5
	1
	14
	19.5
	10.5
	19.5
	19.5

	Off-duty ratio
	447
	1 000
	63.1
	112
	112
	1 995
	1 995

	Pulse repetition cycle (ms)
	2.3 (435 Hz)
	1.3
	0.6
	1.8 (556 Hz)
	1.8
	1.8 (556 Hz)
	1.8 (556 Hz)

	Pulse length (μs)
	5.1
	1.3
	8.7
	16
	16
	0.9-2
	0.9-2

	Necessary emission bandwidth (MHz)
	3/0.7
	4
	4
	3
	8
	6
	3

	Class of emission
	P0X/PXX
	K0X
	K0X
	M1X
	M1X
	P0N
	P0N

	Operating frequencies (MHz)
	772, 776, 780, 784, 788, 792, 796, 800, 804, 808
	668
	668
	835, 836, 837.5
	740
	833, 835, 836, 858
	844, 847, 853, 859

	Antenna height (m)
	0 to 10 000
	10
	0 to 10 000
	10
	0 to 10 000
	10
	10

	Maximum antenna gain (dBi)
	3.5
	17
	3
	29.5
	3.5
	29.5
	29.5

	Antenna pattern
	ND
	3 dB beamwidth: vert. pl. = 28°
hor. pl. = 4°
	ND
	3 dB beamwidth: vert. pl. = 45°
hor. pl. = 3-5°
	ND
	3 dB beamwidth: 
vert. pl. = 45°
hor. pl. = 4°
	3 dB beamwidth: 
vert. pl. = 45°
hor. pl. = 4°


3 Derivation of Protection Criteria

PT1 has examined impact of radars on LTE in order to develop protection criteria for the MS. These protection ratios can be found in the draft ECC report “COMPATIBILITY BETWEEN THE MOBILE SERVICE IN THE BAND 2500-2690 MHz AND THE RADIOLOCATION SERVICE IN THE BAND 2700-2900 MHz” (SE21(11)053 Annex 4), which is under preparation in SE21. In this report simulations and measurements are presented that enable us to derive criteria for the protection of LTE from ARNS. In contrast to the results in the ECC report, the interference from ARNS in the 800 MHz band is co-channel to the MS. 

Only the following types of ARNS are considered:

· RSBN,

· RLS2 Type 2
· RLS1 Type 1
· RLS1 Type 2
The other types are not used in the 790-862 MHz band, according to ITU-R M.1830. The protection ratios are taken from the draft ECC report based on the measurements and simulations and then, if the parameters do not match, the values are compensated for. The parameters will not match exactly and therefore the radar with the closest match in the ECC draft report is used. Furthermore, a correction factor due to the different bandwidths of ARNS and LTE is also introduced. The raw protection criteria are chosen based on the principle that there very minor degradation of the LTE throughput due to ARNS interference. Note that since the simulations/measurements are based on the specific radar pulses and pulse repetition rates, it is not possible to combine the protection criteria below with the use of the average transmit power of the radar. The maximum pulse power must be used.
In the table 2 the protection criteria derived and corrections done are showed

Table 2: Protection criteria for MS
	ARNS type
	Base simulation or measurement (reference to figure/table in draft ECC report)
	Parameter compensation
	Protection criteria 
	Bandwidth

correction factor

(to be applied to ARNS EIRP)

	RLS1 Type 2
	UL throughput loss due to meteo radar (2.2 µs pulse, 725 Hz PRR)
	-
	-90 dBm/4.5 MHz

=-87.0 dBm/9 MHz


	0 dB for 5 MHz LTE

0 dB for 10 MHz LTE

	RLS1 Type 1
	UL throughput loss due to meteo radar (2.2 µs pulse, 725 Hz PRR)
	-
	-90 dBm/4.5 MHz

=-87.0 dBm/9 MHz


	=> -0.8 dB for 5 MHz LTE

0 dB for 10 MHz LTE

	RLS2 Type 2
	UL throughput loss due to meteo radar (2.2 µs pulse, 725 Hz PRR)
	-5 dB due to the increased length of the pulse 
	-95 dBm/4.5 MHz

=-92.0/9 MHz
	0 dB for 5 MHz LTE

0 dB for 10 MHz LTE

	RSBN 1
	DL throughput loss in the presence of interfering radar pulse signals of length 4 microseconds, PRR 1000 Hz. Use Psens+0.
	+3 dB due to lower PRR of RSBN
	-87.0 dBm/18 MHz

=-93.0 dBm/4.5 MHz

=-90.0 dBm/9 MHz
	0 dB for 5 MHz LTE

0 dB for 10 MHz LTE


1) The figures for RSBN needs to be confirmed, further relaxation may be possible.
4 Analysis of Protection Criteria

4.1 Conversion to Interference-to-Noise Ratios (I/N)

The noise figures used are 9 dB and 5 dB for the downlink and uplink, respectively. The thermal noise PSD is No =  -114 dBm/MHz. N = No + 10*log10(BW/MHz) + NF.

Table 3: Required I/N for different ARNS types
	ARNS type
	I/N [dB]

	RLS1 Type 2
	12.5

	RLS1 Type 1
	12.5

	RLS2 Type 2
	7.5

	RSBN
	5.5


It is observed that the difference to the commonly used I/N threshold on -6 dB is quite large, especially in the uplink. Furthermore, it is noted that this difference is smaller than the difference between the radars’ average and pulse powers. This implies that using the radars’ average powers in coexistence studies gives erroneous results.

4.2 Conversion to Field Strengths

The following formula is used to convert the I/N thresholds to field strength thresholds:
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Here Z0 is the characteristic impedance of free space, Pr is the power delivered by the antenna, G is the antenna gain (15 dBi for BS, 0 dBi for UE), λ is the wave length. This results in the required protection criteria below.
Table 4: Required protection criteria for MS from different types of ARNS stations
	
	Field Strength [dBµV/m]

	ARNS type
	4.5 MHz

LTE 
	9 MHz

LTE

	RLS1 Type 2
	30.3
	33.3

	RLS1 Type 1
	30.3
	33.3

	RLS2 Type 2
	25.3
	28.3

	RSBN
	42.3
	45.3


The field strength thresholds derived based on the commonly used I/N = -6 dB given below as comparison:
Table 5: Required protection criteria for MS based on I/N= - 6 dB
	
	4.5 MHz LTE
	9 MHz LTE

	Base station
	11.8 dBµV/m at 30 meters
	14.8 dBµV/m at 30 meters

	Mobile station
	30.8 dBµV/m at 1,5 meters
	33.8 dBµV/m at 1,5 meters


