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1 Background

In this contribution we discuss coexistence with the radar altimeters following the open item in the way forward for the 3.3-4.2GHz and 4.4-4.99 GHz frequency ranges [1].
· How to treat the altimeter protection should be studied further
· If necessity of the study in 3GPP is identified, a possible way is to perform coexistence studies with the radio altimeter service with parameters based on the ITU-R Rec. 2059-0
We present an initial assessment of potential compatibility problems and propose that RAN4 consider further the coexistence with altimeters before taking any decision on operational restrictions.
2 Properties of radar altimeters
First we recall some of the properties of altimeters presented in [2].
The band 4.2-4.2 GHz is allocated to the aeronautical radionavigation service (ARNS) and is reserved exclusively for radio altimeters installed onboard aircraft and for the associated transponders on the ground by Radio Regulations footnote No. 5.438 (hence global allocation). Radio altimeters are an essential component of aeronautical safety-of-life systems, including precision approach, landing, ground proximity and collision avoidance system; radio altimeters are essential for landing on autopilot and in low-visibility conditions.
The following excerpt from ITU-R Rec. M.2059-0 [3] destribes the operation of radio altimeters:  

“The basic function of a radio altimeter is to provide accurate height measurements above the Earth surface with a high degree of accuracy and integrity during the approach, landing, and climb phases of aircraft operation representing a wide variety of reflectivity. Such information is used for many purposes and the high degree of accuracy and integrity of those measurements must be achieved regardless of the Earth surface, such as during final approach and flare guidance in the last stages of automated approach to land. It is also used to determine the particular altitude in which the aircraft can safely land and as an input to the terrain awareness warning system (TAWS), which gives a “pull up” warning at a predetermined altitude and closure rate; and as an input to the collision avoidance equipment and weather radar (predictive wind shear system), auto-throttle (navigation), and flight controls (autopilot). Radio altimeter systems are designed to operate for the entire life of the aircraft in which they are installed. The installed life can exceed 30 years, resulting in a wide range of equipment age, performance and tolerance.”
Radio altimeters typically have a measurement range from –6 metres to 6 000 metres, but there are exceptions where some altimeters have a greater measurement range. Hence, from a coexistence standpoint, the probability of line-of-sight to the altimeters from aggressor transmitters can be high; due to the nature of the application.

Radio altimeters in use today utilize two types of radar waveform modulation methods known aslinear frequency modulation – continuous wave or LFMCW or FMCW and pulsed modulation. These altimeters have sensitive receivers with minimum detection thresholds as shown in Tables 1 and 2 for representative analogue and digital altimeters, respectively [3]. The basic FMCW radio altimeter consists of a “homodyne” system that samples a fraction of the currently transmitted waveform and supplies it as a reference to the receiver mixer. More recent radio altimeter implementations apply digital signal processing of the down-converted and digitized signal. 

Table 1: Analogue altimeters

	
	A1
	A2
	A3
	A4
	A5
	A6

	Modulation
	FMWC
	FMWC
	FMWC
	Pulsed
	Pulsed
	Pulsed

	Typical number of

altimeter on an aircraft
	Up to 3
	Up to 3
	Up to 3
	Up to 3
	Up to 3
	Up to 3

	Peak TX Power (W)
	0.6
	1
	0.1 – 0.25
	100
	5
	40

	3dB emission BW (MHz)
	110
	162.8
	171
	8
	7
	15

	Unwanted emission (dBm/MHz)
	-10.0
	-10.0
	-10.0
	0.0
	-10.0
	-4.0

	-3 dB IF BW (MHz)
	2
	0.25
	2
	9.2
	6.0
	16

	Receiver NF (dB)
	10
	6
	6
	3
	3
	3

	Antenna Gain (dBi)
	10
	10
	10
	13
	11
	11

	Cable loss
	6
	6
	2
	6
	6
	6

	Interference power threshold (dBm/bandwidth)
	-107.0
	-120.0
	-111
	-107.4
	-109.2
	-105

	Input Power Threshold Receiver Overload (dBm)
	-30
	-53
	-56
	-40
	-40
	-40

	3dB beam width (degrees)
	40 to 60
	55
	45 to 60
	35
	45
	45


Table 2: Digital altimeters

	
	D1
	D2
	D3
	D4

	Modulation
	FMCW
	FMCW
	FMCW
	Pulsed

	Typical number of altimeter on an aircraft
	2 or 3
	2 or 3
	1 or 2
	1 or 2

	Peak TX Power (W)
	0.4
	0.1
	0.1 – 1.0
	5

	3dB emission BW (MHz)
	150
	177
	175
	5 or 31

	Unwanted emission (dBm/MHz)
	-10.0
	-10.0
	-10.0
	-10.0

	-3 dB IF BW (MHz)
	0.312
	1.95
	2
	30

	Receiver NF (dB)
	8
	9
	8
	3

	Antenna Gain (dBi)
	11
	10
	11
	13

	Cable loss
	6
	0
	2
	0

	Interference power threshold (dBm/bandwidth)
	-117.1
	-108.1
	-109
	-102.2

	Input Power Threshold Receiver Overload (dBm)
	-30
	-43
	-53
	-40

	3dB beam width (degrees)
	40 to 60
	45 to 60
	45 to 60
	45


Apart from the risk of altimeter receiver desensitization by aggressor transmitters, it is observed that the receiver overload threshold (blocking) levels in a range that can by exceeded at least by nearby BS.
3 Radar altimeter interference criterion
For the interference criterion we assume a I/N = -6 dB criterion (at IF) since radar altimeters are a safety-of-life service, this is also recommended in the M.2059-0 [3] and used in other studies of altimeter compatibility [4]. Annex A
Figure 1 shows the location and direction of transmissions of the altimeters according to [3].
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Figure 1: directions of transmissions for altimeters
The coexistence scenario considered herein is BS and UE deployed in the neighbourhood of airports. Other relevant scenarios are those depicted in Figure 2 where passengers in the planes on the ground may be attached to a terrestrial network.
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Figure 2: coexistence scenario between aircrafts.
For the altimeter operation shown in Figure 1, the radius of surface area covered vs altitude and LOS path loss vs altitude are shown in Table 3. The coverage area shown is approximate since 3 dB beam width is used and it is assumed that the flight path is parallel to the runway, but nevertheless gives an indication.
Table 3: radius of surface area covered vs altitude and LOS path loss vs altitude for altimeters
	
	
	altitude (m)
	

	beam width (degrees)
	100
	200
	400
	1000
	2000
	4000
	10000
	20000
	comment

	radius of illuminated ground surface (m)
	35
	32
	63
	126
	315
	631
	1261
	3153
	6306
	small cell is illuminated at 1000m altitude

	
	60
	58
	115
	231
	577
	1155
	2309
	5774
	11547
	small cell is illuminated at 500m altitude

	4.2GHz free space path loss (dB)
	 85
	 91
	 97
	 105
	 111
	 117
	 125
	 131
	 


This table shows that at altitudes <200m the plane radio altimeter may see interference from only a few UEs and/or a single base station but at 400 to 2000m atlitudes that are valid for the landing approaches and outside exclusion zones, the plane may see the interference from entire small cells or multiple cells especially for dense urban areas that are usually close to airports. 
4 BS coexistence (single BS)
First we consider the risk of altimeter receiver overload (see Table 1 and 2) from a single BS deployed near the runway in LOS (free-space propagation) and with the main BS beam directed towards the altimeter receiver. We assume a BS EIRP (boresight) of 55 dBm and a carrier frequency of 4000 MHz, i.e at 200 MHz separation to the altimeter band. The received power at the antenna input of the altimeter versus distance (km) is shown in Figure 4 with an assumed antenna gain of the altimeter of Gr = 10 dBi. For e.g. altimeter type D1 in Table 2 there is thus risk of receiver overload at separation distances less than 300m. Now, there will most likely be additional rejection of the interferer level by virtue of the altimeter antenna pattern (see Table 3) and the BS antenna pattern at higher elevations. However, for some of the altimeters in Table 1 and 2 the separation distances needed are of the order of km (the levels in Figure 3 should be scaled with the appropriate antenna gain relative to 10 dBi). 
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Figure 3: received level at the altimeter with a receive antenna gain of Gr = 10 dBi.
Altimeter receiver blocking can be caused by BS transmitters at large frequency separation from the altimeter bands, but there is some additional RF selectivity that increases with frequency separation. The receiver-overload value quoted in Table 1 and Table 2 are 1 dB compression points of the input. Table 4 shows the additional selectivity typically provided by the altimeter receiver [3].
Table 4: RF selectivity of the radar altimeter
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At any rate, geographical coordination (separation) can reduce the risk of altimeter receiver overload from an aggressor BS. 
Next we consider the unwanted emissions into the altimeter band 4.2-4.4 GHz. We assume that the aggressor BS meets the general spurious emissions limit -30 dBm/MHz spatially averaged. Figure 4 shows the emissions in dBm/MHz falling into the receive band of an altimeter with an antenna gain Gr = 0 dBi versus distance (km) assuming that the aggressor BS is at LOS.
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Figure 4: spurious emissions into an altimeter with antenna gain Gr = 0 dBi.

For the altimeters listed in Table 1 and 2 the results in Figure 3 should be scaled with the requisite antenna gain and the 3 dB IF receiver bandwidth relative to 1 MHz, e.g. -109 dBm/0.312 MHz for type D1 at 100 m separation as compared to the -117 dBm interference threshold. In practice the spurious emissions into the altimeters from a single BS is likely a lesser problem if geographical coordination is used, but a guard to the 4.2-4.4 GHz band may be needed in case the (single) aggressor is deployed in the immediate vicinity of a runway.
Observation 1: for a single BS, there is a risk of altimeter receiver overload unless geographical coordination (separation between the aggressor and victim) is used. This risk will also decrease with frequency separation. The spurious emissions from the single BS into the receive band of an altimeter is likely to be less problematic in practice and will also be reduced by using geographical coordination; frequency separation is needed if the BS is deployed in the immediate vicinity of altimeter usage. 

The case of multiple BS requires further study.
5 UE coexistence
Next we consider the interference from single UE. 
5.1 Measured PA noise in 100 and 200MHz BW

Figure 5 and 6 show measurements of potential emissions in 4.2-4.4GHz altimeter band for 20/100MHz and 200/400MHz bandwidth NR signal respectively. Measurements are done at maximum power for ACLR1=-30dBc in TX bandwidth. Results are corrected by 1.3dB assuming that 0dBMPR 23dBm power class is for 20MHz CP-OFDM QPSK waveform.
[image: image7.png]Spectrum Anal

F——

ACP
KEYSIGHT _jnvit RF inputZ:500 Aften: 30 4B Trig: Free Run Center Freq: 2550000000 GHz TS| o
T oupling: AC Corrections: On Preamp: Off Gate: OFF AvglHold:>10/10. Settings
GO ExGan 262608 FreqRef Ext(S) LNP: NotEnabled |F Gain: Low Rado Std: None
) Algn: Auto NFE: Adaptive PNO: Best Wide Noise Correction: Off
1 Graph v
Scale/Div 10.0 dB Ref Value 10.00 dBm
Log
0.0
oo 518dBC -30.2 dB: -29.9dBc 504 B
- e
T TSNV Y TR Y TP i i,
Center 2.55 GHz Video BW 10.000 kHz" Span 439.6 MHz
#Res BW 100 kHz Sweep Time 1.09 s (1001 pts)
2 Metrics v
Total Car Pwr | 24.059 dBm/18.00 MHz
Total PSD —
Lower Upper
ACP Ref Carrier ACP Ref Carrier
OffsFreq  IntegBW dBc dBm  dBm Car# dBc dBm  dBm Car# Fiter
A 2000MHz 1800MHz -30.41 6348 2406 1 -30.21 6154 2406 1 OFF
B 60.00MHz 9800MHz -30.17 6115 2406 1 -2993 5871 | 2406 1 OFF
C 1600MHz 9800MHz -51.77 2771 | 2406 1 -50.37 2631 | 2406 1 OFF
Apr 24, 2017 7
¢ 2553PM H'::‘ ‘%‘ ‘l\




[image: image8.png]KEYSIGHT .

- Reference

1 Graph v
. Meas
Scale/Div 10.0 dB Ref Value 20.00 dBm Standard

Log
100

000
100
200
300
400 .

500 et [P
00
700

Center 2.55 GHz Video BW 22.000 kHz" Span 519.6 MHz,
#Res BW 220 kHz Sweep Time 267 ms (1001 pts)

2 Metrics v

Advanced

-30/0 dB -311/dB
43548

255 dBc

Global

Total Car Pwr  23.930 dBm/99.60 MHz
Total PSD —

ACP. Ref Carrier ACP. Ref Carrier
OffsFreq  IntegBW  dBc  dBm dBm Car# dBc dBm dBm Car# Filter
A 1000MHz 98.00MHz -30.05 6.117 2393 1 3114 7209 2393 1 OFF
B 2000MHz 98.00MHz 4547 2154 2393 1 4345 1952 2393 1 OFF

Apr 24, 2017
231:13PM

|22 [ BB <

FER sl K





Figure 5: Emissions in 100MHz and 200MHz bandwidth for 20MHz (left) and 100MHz (right) NR CP-OFDM QPSK signal at Pmax
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Figure 6: Emissions in 100MHz and 200MHz bandwidth for 200MHz (left) and 400MHz (right) NR CP-OFDM QPSK signal at Pmax
Table 5: emission level in altimeter band

	signal BW
	MHz
	20
	100
	200
	400

	Pout
	dBm
	24.3
	24.2
	23.8
	22

	ACLR1 100MHz
	dBc
	-30
	-30
	-31.2
	-34.3

	ACLR2 100MHz
	dBc
	-50
	-43
	-36.2
	-34.6

	Absolute power in 100MHz
	dBm
	-6.9
	-7.1
	-8.7
	-13.6

	Absolute power in second 100MHz
	dBm
	-27
	-20
	-13.7
	-13.9

	Absolute power in 200MHz
	dBm
	-6.9
	-6.9
	-7.51
	-10.7

	*output power correction of 1.3 (dB)


5.1.1 NR operation in 3.3-3.8GHz range

20MHz TX signal measurements show that at 160MHz offset emissions in 100MHz should be <-27dBm/100MHz, given that Band 43 is 400MHz away from the altimeter band, Radio Altimeter de-sense is unlikely. Even considering up to 3CC UL in B43 should not create a de-sense issue. In case of marginal interference level a dedicated B42/43 filter can further improve emissions by 10-20dB. Similarly blocking of altimeter is unlikely because the altimeter receive filter should provide enough attenuation 400MHz away.

In case of NR as long as UL BW is <100MHz this should no be an issue as emission have decayed significantly at 200MHz offset as can be seen in Figure 2. 200MHz and especially 400MHz TX BW need further study by doing measurements further away.

Observation 2: Altimeter de-sense or blocking from UE operation in B42/43 should no be an issue, similarly for NR operation up to 100MHz TX bandwidth, in 3.3-3.8GHz and 4.8-4.99GHz frequency ranges.
5.1.2 NR operation in 3.8-4.2GHz and 4.4-4.99GHz range

Worst case emissions for altimeter band occur for 20MHz and 100MHz (and to some extend 200MHz) NR signals at the upper edge of 3.8-4.2GHz extension and lower end of 4.4-4.99GHz ranges. Note that a plane will see UEs operating in both ranges in the two regions where these frequency ranges are applicable.

Regarding blocking since the worst case altimeter blocking level is -56dBm the UE signal needs to see at least 80dB attenuation since the altimeter receive filter will not help for NR channels just at the egde of the band. This is assuming that only one UE is interfering but it could be 3-5 UEs at max power and two base stations since interference could come from both <4.2GHz and >4.4GHz frequency ranges.
For de-sense since there is around -7dBm power in 200MHz in the worst case emissions, around -110dBm sensitivity in 2MHz IF bandwidth, the signal needs again about 80dB attenuation (110-7-10*log(200/2)). Again this is only considering 1 UE interference.

Observation 3: to avoid both radio altimeter blocking and de-sense about 80dB of attenuation of UE signal is needed before reaching receiver, when only one UE interference is considered.
As can be seen from the free space path loss and antenna gain of the aircraft radio altimeter the single UE at PCmax case is already marginal for altitudes up to 400m. for higher altitudes higher number of interfering UEs and BS shall be considered.
Proposal 1: Desense and or blocking of radio altimeter needs further study for 3.8-4.2GHz and 4.4-4.8GHz ranges, especially taking into account number of UEs and base station that could be interfering with the Radio altimeter.
5.1.3 UE operation inside the plane or in airport

As can be seen from figure 7 the aircraft only provides 10dB to 35dB shielding from the cabin. It is obvious that UE transmissions in 3.5GHz and 4.5GHz bands  should be prohibited inside the plane as it could interfere with nearby landing planes. It is unclear if exclusion zones are sufficient to prevent this. It is to be noted that case 1 in Figure 7 could apply to interferences to own plane but case 2 could apply to a plane taxiing next to the runway interfering with a landing plane.
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Figure 7: aircraft shielding
Observation 4: The need for a mechanism to prevent phones transmission in a plane at 3.8-4.2GHz and 4.4-4.8GHz needs further study.
6 Proposal
In this contribution we make the following proposals

Proposal 1: Desense and or blocking of radio altimeter needs further study for 3.8-4.2GHz and 4.4-4.8GHz ranges, especially taking into account number of UEs and base station that could be interfering with the Radio altimeter.
RAN4 should carry out further studies before deciding on any restricted operations near the radar altimeter band.
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