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Introduction
Millimeter wave blockers (or jammers) will have significant impact on performance at mm-wave bands. This paper presents preliminary findings on the major sources of blocking in the United States. This is a first step in defining an out-of-band blocker specification for NR. To illustrate the need for such a specification, we present the frequency response of a typical patch antenna.
A key goal of this paper is to invite other companies to investigate spectrum usage in other parts of the world. Additional important data to be gathered are:
· Transmit powers and emission masks of these blockers
· Directivity of the antennas used to transmit the signals
· Physical proximity of these transmitters from 5G networks to determine path loss
Discussion
The following table lists the major blockers in the mm-wave bands in the United States.
	Start
(GHz)
	Stop
(GHz)
	
Usage
	Comments

	19.7
	24
	Satellite
	Satellite (smaller bands in the range)

	19.7
	24
	Aviation
	Aviation/Radiolocation

	19.7
	24
	Fixed
	Fixed (smaller bands in the range)

	19.7
	24
	Land Mobile
	Land Mobile (smaller bands in the range)

	20.2
	21.2
	Satellite
	Ka-band Downlink

	21.2
	22.55
	Fixed wireless
	Fixed Microwave Point-to-Point

	22.55
	23.55
	Fixed wireless
	Fixed Microwave Point-to-Point

	22.55
	23.55
	Satellite
	Satellite

	23.55
	23.6
	Fixed wireless
	Fixed Microwave Point-to-Point

	23.6
	24
	Satellite
	Earth exploration

	24
	24.25
	Amateur
	Amateur Radio

	Start
(GHz)
	Stop
(GHz)
	
Usage
	Comments

	24
	24.25
	Unlicensed
	Unlicensed Point-to-Point

	24
	24.25
	Unlicensed
	ISM

	24
	24.25
	Amateur
	Amateur Radio

	24.05
	24.25
	Land Mobile
	Private Land Mobile

	24.25
	24.45
	5G
	5G Proposed FNPRM

	24.25
	27.5
	Satellite
	Satellite (smaller bands in the range)

	24.25
	27.5
	Aviation
	Aviation/Radiolocation

	24.25
	27.5
	Fixed wireless
	Fixed  wireless (smaller bands in the range)

	24.25
	27.5
	Land Mobile
	Land Mobile (smaller bands in the range)

	24.25
	30
	Radar
	Airport Body Scanners

	24.25
	24.45
	Fixed wireless
	Fixed point-to-point wireless

	24.25
	24.45
	Fixed wireless
	Fixed wireless -- Microwave

	24.45
	25.25
	Satellite
	Satellite

	24.75
	25.25
	5G
	5G Proposed FNPRM

	24.75
	25.05
	Satellite
	Satellite: uplink earth to space for Aviation (FCC 47CFR Part 87)

	24.75
	25.05
	Aviation
	Aviation

	25.05
	25.25
	Satellite
	Satellite : uplink earth to space

	25.05
	25.25
	Fixed wireless
	Fixed wireless for point-to-point

	25.05
	25.25
	Fixed wireless
	Fixed Microwave P-P

	25.25
	27.5
	Satellite
	Satellite-Government

	25.25
	27.5
	Satellite
	Ka-band NASA Space to earth

	25.25
	27.5
	Satellite
	Non-federal satellite

	27.5
	30
	Satellite
	Satellite
Fixed (LMDS)

	27.5
	28.35
	Fixed wireless
	LMDS

	27.5
	29.5
	Satellite
	Earth to space

	27.5
	29.5
	Fixed
	Fixed

	27.5
	31
	Satellite
	Satellite (earth to space)

	Start
(GHz)
	Stop
(GHz)
	
Usage
	Comments

	27.85
	28.35
	5G
	R&O

	29.1
	29.25
	Fixed wireless
	LMDS

	30
	31
	Satellite
	Ka band UL

	31
	31.3
	Fixed wireless
	Microwave point-to-point

	31
	31.08
	Fixed wireless
	LMDS

	31
	31.3
	Fixed wireless
	Microwave point-to-point

	31.075
	31.23
	Fixed wireless
	LMDS

	31.225
	31.3
	Fixed wireless
	LMDS

	31.3
	32.3
	Satellite
	Radio Astronomy/Deep space

	31.8
	33.4
	5G
	5G Proposed FNPRM

	32.3
	33.4
	Aviation
	Aviation

	32.3
	33
	Satellite
	Satellite-Satellite/radio navigation

	33.4
	36
	Land Mobile
	Private Land Mobile

	33.4
	36
	Satellite
	Radiolocation and deep space research

	33.4
	36
	Radar
	Radiolocation and deep space research

	34.2
	34.7
	Satellite
	Deep space research

	35.5
	36
	Satellite
	Earth exploration (active?)
Space research (active)

	36
	37
	Satellite
	Earth exploration (passive) Radio Astronomy
Some are specific locations with antenna arrays

	37
	38.6
	5G
	R&O

	37
	37.5
	Satellite
	Government (NASA RX BAND, Military sites need protections…Limited regions)

	37
	37.5
	Government
	Government (NASA RX BAND, Military sites need protections…Limited regions)

	37
	38
	Fixed
	Space research / Fixed/mobile federal

	37
	38
	Space
	Space research / Fixed/mobile federal

	37.5
	42.5
	Satellite
	Boeing downlink - proposed

	37.5
	38.6
	Satellite
	Satellite

	37.5
	38.6
	Satellite
	Satellite downlink : space to earth

	Start
(GHz)
	Stop
(GHz)
	
Usage
	Comments

	38.6
	40
	5G
	R&O

	38.6
	39.5
	Satellite
	Satellite (space to earth)

	38.6
	39.5
	Fixed wireless
	Fixed wireless

	38.6
	39.5
	5G
	5G Proposed

	39.5
	40
	Satellite
	Satellite (space to earth-military downlink)
Fixed (Part 101)

	40
	42
	Satellite
	Satellite downlink (space to earth)

	42
	42.5
	5G
	5G Proposed FNPRM

	47.2
	50.2
	5G
	5G Proposed FNPRM

	47.2
	52.4
	Satellite
	Boeing Uplink - proposed

	50.4
	52.6
	5G
	5G Proposed FNPRM

	59
	59.3
	Satellite
	Passive earth exploration satellite

	59.3
	64
	Radiolocation
	Radio location
Unlicensed (e.g. 802.11ad)

	64
	71
	5G
	Unlicensed R&O

	64
	65
	Satellite
	Fixed/mobile (federal)
Intra-satellite

	65
	71
	Satellite
	Satellite

	71
	76
	5G
	5G Proposed FNPRM

	71
	74
	Fixed
	Fixed
Federal Space to earth

	81
	86
	5G
	5G Proposed FNPRM









Typical Antenna Response in mm-wave spectrum
Fig. 1 shows a typical dual-polarized patch antenna, while Fig.2 shows the peak gain of the antenna (measured over all angles) versus frequency.  The data, which was obtained by simulations, can be considered to be typical for patch antennas. It is immediately apparent that the antenna provides little to no rejection beyond 28 GHz. The antenna feed-lines could provide another 1-2 dB of rejection, which is insignificant.

[image: ]

Figure 1: Stacked dual-polarized patch antenna

[image: ]
Figure 2: Simulated peak gain vs frequency

Conclusion
This paper presents preliminary data that broadly outlines different classes of interfering signals in mm-wave bands. A typical antenna response shown in this paper shows the weak rejection of these blockers.
A key objective of this paper is to motivate members of RAN4 to conduct a region-by-region survey of systems deployed near the 3GPP bands of interest – this includes transmit powers, directivity of antennas, and physical proximity of these transmitters from 5G networks so that path loss can be determined. This effort is essential to deriving an out-of-band blocker specification for 5G systems.
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