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[bookmark: _Toc374695797]Executive summary 
This Report provides some preliminary results of the impact of RLAN used in the band 5725 – 5925 MHz on the three following systems: 
ITS in the band 5855 - 5925 MHz 
RTTT/DSRC in the bands 5795-5805 and 5805 - 5815 MHz 
WIA in the band 5725-5875 MHz

Considering the set of parameters developed for RLAN and for the other systems, the studies are conducted based on the following approach:
· As an initial step, perform MCL calculations for potentially worst case scenarios between RLAN and other systems. 
· As a second step, consider additional scenarios, analyse potential mitigation techniques, define sharing conditions or conduct statistical simulations. 

For the three studies, the MCL calculations lead to significant separation distances. Thus, there is a need for further studies. 
Initial consideration has been made on the potential application of interference avoidance techniques for the protection of ITS. Further work is required to specify details of the mitigation techniques which would improve the coexistence between RLAN and ITS. 

It is intended to also study the impact from these systems into RLAN. 

Guidance is expected from WG SE on the need to conduct studies between RLANs and:
· Short Range Devices in the band 5725-5875 MHz, and
· an additional system used by one CEPT administration for public transport automation (like subways) in the band 5915-5935 MHz.   

Other compatibility studies related to RLANs in the 5725-5925 MHz band (with radiolocation, FSS and FS (BFWA)) are addressed in other groups. 
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[bookmark: _Toc374695798]Introduction
SE24 is requested by the WGSE chairman to deliver until end of 2013 preliminary results on the impact of RLAN used in the band 5725 – 5925 MHz on 
ITS in the band 5855 - 5925 MHz 
RTTT/DSRC in the bands 5795-5805 and 5805 - 5815 MHz 
WIA in the band 5725-5875 MHz

The first goal is to deliver preliminary results for the CPG PTD meeting 13-17 January 2014, so that they can use this for WRC'15 AI1.1. These preliminary results are aimed to provide a first, very rough indication of the impact of WLAN on the concerned systems. How deep we are going after that in order to support further the EC mandate and WRC'15 will be decided later (ECC November 2013, WGSE January 2014).

In addition to the three systems referred to above, one administration proposed in SE24 to consider an additional system used for public transport automation (like subways) in the band 5915-5935 MHz. The system characteristics are provided in Annex 1.   

Other compatibility studies related to RLANs in the 5725-5925 MHz band (with radiolocation, FSS and FS (BFWA)) are addressed in other groups. 

Concerns were raised why studies for SRD are not requested. WGSE is asked for guidance.


	
	



[bookmark: _Toc374695799]Overview of radio local area networks in the 5 ghz range
Body text (style: ECC Paragraph)
[bookmark: _Toc374695800]current regulations in the 5150-5350 and 5470-5725 MHz
ECC Decision(04)08 addresses the designation of the frequency bands 5 150-5 350 MHz and 5 470-5 725 MHz for the implementation of Wireless Access Systems including Radio Local Area Networks (WAS/RLANs). These frequency bands have been allocated to the mobile service except aeronautical mobile service on a primary basis in all three regions by World Radiocommunication Conference 2003 (WRC-03), taking into account the need to protect primary services in these frequency bands. Furthermore WRC-03 adopted ITU-R Resolution 229 on "Use of the bands 5 150-5 250, 5 250-5 350 MHz and 5 470-5 725 MHz by the mobile service for the implementation of Wireless Access Systems including Radio Local Area Networks".

The results of detailed compatibility studies within CEPT taking into account the existing radio services can be found in ERC Report 67 (February 1999) and ERC Report 72 (May 1999). The outcome of these studies were also considered in the development of European telecommunication standard ETSI EN 301 893. As a consequence of these studies, the following bands were identified for use by RLANs under prescribed conditions:
5 150-5 350 MHz 
Only indoor use, mean e.i.r.p.[footnoteRef:1] limited to 200 mW, and use of dynamic frequency selection (DFS) as well as transmitter power control (TPC) are required above 5 250 MHz; [1:  	The "mean e.i.r.p." refers to the e.i.r.p. during the transmission burst which corresponds to the highest power, if power control is implemented.] 

5 470-5 725 MHz
Indoor as well as outdoor use allowed, mean e.i.r.p.1 limited to 1 W, use of dynamic frequency selection (DFS) and transmitter power control (TPC) required.

These regulations have been implemented into EU regulations through the EC Decision 2005/513/EC complemented by EC Decision 2007/90/EC.
[bookmark: _Toc374695801]proposal for additional spectrum for rlans in the 5 ghz range
Text to be developed
[bookmark: _Toc374695802]Characteristics of RLANs in the band 5725-5925 MHz
Table 1: Basic RLAN characteristics in the band 5725-5925 MHz
	
	RLAN 1
Indoor
	RLAN 2
Indoor
	RLAN 3 
Outdoor
	RLAN 4
Outdoor

	Transmit Power (eirp - dBm) 
	23
	30
	30
	30

	Bandwidth (MHz)
	20/40/80/160
	20/40/80/160
	20/40/80/160
	20/40/80/160

	Transmit Power Density (eirp - dBm/MHz)
	10/7/4/1
	10/7/4/1
	10/7/4/1
	10/7/4/1

	Antenna directivity gain (dBi)
	Omni
	Omni
	Omni
	6/12/18




[image: ]
Figure 1: Spectrum mask for 20 MHz RLAN
[image: ]
Figure 2: Spectrum mask for 40 MHz RLAN
[image: ]
Figure 3: Spectrum mask for 80 MHz RLAN
[image: ]
Figure 4: Spectrum mask for 160 MHz RLAN
A typical antenna pattern of the RLAN access point is considered to be as follows:

Table 2: Typical RLAN Access Point Elevation Antenna Pattern (Omnidirectional Antennas only)
	Elevation angle θ (Degrees)
	Receiver Gain
(dBi)

	45  θ  90
	-4

	35  θ  45
	0

	0  θ  35
	3

	–15  θ  0
	-1

	–30  θ   –15
	-4

	–60  θ  –30
	-9

	–90  θ  –60
	-8



The elevation angles are defined from the viewpoint of the RLAN Access Point. For instance, for a RLAN Access Point mounted on a ceiling, positive elevation angles are towards the ground and negative elevation angles are upwards (towards the sky).

Remark: The typical antenna height and antenna pattern of the RLAN client device need to be defined.

Table 3: RLAN power distribution
	Tx power e.i.r.p. 
	1W (directional)
	1 W (omni)
	200mW (omni)
	80mW (omni)
	50mW (omni)
	25mW (omni)
	all 

	indoor
	0%
	4%
	14%
	26%
	14%
	37%
	95%

	outdoor
	0.10%
	0.20%
	0.70%
	1.30%
	0.70%
	2%
	5%



Table 4: proposed RLAN deployment scenario
	Antenna height m
	 
	 
	1,5 to 28,5m
	1,5 and 4.5m
	1,5 and 4.5m

	
	
	
	
	
	

	Derivation of active device density 
	 
	 
	Major city divided into the regions 

	people
	 
	 
	5,25E+06
	 
	 

	 
	 
	 
	Urban
	Suburban
	Rural

	 
	 
	 
	circle 0-5km
	Ring 5-15km
	Ring 15-30km

	Area km^2
	 
	 
	78,5
	628,3
	2120,6

	Percentage
	 
	 
	30%
	50%
	20%

	People
	 
	 
	1.575.000
	2.625.000
	1.050.000

	People Density/km^2
	 
	 
	20053,5
	4177,8
	495,1

	Active devices, Reduced by factors
	 
	 
	 
	 
	 

	Busy hour
	 
	 
	71%
	64%
	47%

	Market share 5GHz
	 
	 
	80%
	80%
	50%

	System: Percentage access points
	 
	 
	7%
	7%
	20%

	Activity
	 
	 
	25%
	25%
	10%

	Product of reduction factors
	 
	 
	0,99%
	0,90%
	0,47%

	Active devices
	 
	 
	15655,5
	23520,0
	4935,0

	Active device density /km^2
	all BWs
	 
	199,3
	37,4
	2,3

	
	
	
	
	
	

	Active device density per bandwidth
	Active RLANs per Bandwidth
	available No of channels
	active device density/km^2, Urban, per BW
	active device density/km^2, Suburban, per BW
	active device density/km^2, rural, per BW

	20MHz systems
	10%
	                   37   
	19,9
	3,7
	0,2

	40MHz
	25%
	                   18   
	49,8
	9,4
	0,6

	80MHz
	50%
	                     9   
	99,7
	18,7
	1,2

	160MHz
	15%
	                     4   
	29,9
	5,6
	0,3




The ring-scenario proposed above, can't be used for all studies; for example more reasonable would be to run three different calculation for Urban, Suburban and Rural environments and use for each the active device. Also when looking at large scale geographic areas, the assumed distributions of urban/suburban/rural populations would need to be adjusted in the underlying model.
[bookmark: _Toc374695803]Other applications in the band 5725 Mhz – 5925 MHz
Table 5: Allocation / Identification of spectrum according to ERC Report 25
	Frequency range 
	European Common Allocation
	ECC/ERC
harmonisation
measures
	Application
	European
footnotes
	Standard
	
Notes

	5725-5830 MHz
	FIXED-SATELLITE (E/S)
RADIOLOCATION
Amateur
Mobile
5.150            EU2
                     EU22
	
	Amateur
	
	EN 301 783
	

	
	
	ECC/REC/(06)04
	BFWA
	
	EN 302 502
	Within the band 5725-5875 MHz

	
	
	
	Defence systems
	
	
	Tactical and weapon system radars

	
	
	
	ISM
	
	
	Within the band 5725-5875 MHz

	
	
	ERC/REC 70-03
	Non-Specific SRD
	
	EN 300 440

	Within the band 5725-5875 MHz

	
	
	ERC/REC 70-03
	Radiodetermination applications
	
	
	Within the band 4500-7000 MHz for
TLPR application

	
	
	ERC/REC 70-03
	RTTT
	
	EN 300 674
	Within the band 5795-5805 MHz.
RTTT in the band 5805-5815 MHz
on a national basis

	
	
	
	Weather Radars
	
	
	Ground based and airborne

	5830-5850 MHz
	FIXED-SATELLITE (E/S)
RADIOLOCATION
Amateur
Amateur Satellite (S/E)
Mobile
5.150            EU2
                     EU22
	
	Amateur Satellite (S/E)
	EU23
	
	Within the band 5830-5850 MHz

	
	
	ECC/REC/(06)04
	BFWA
	
	EN 302 502
	Within the band 5725-5875 MHz

	
	
	
	Defence systems
	
	
	Tactical and weapon system radars

	
	
	
	ISM
	
	
	Within the band 5725-5875 MHz

	
	
	ERC/REC 70-03
	Non-Specifics SRDs
	
	EN 300 440
	Within the band 5725-5875 MHz

	
	
	ERC/REC 70-03
	Radiodetermination applications
	
	EN 302 372
	Within the band 4500-7000 MHz for
TLPR application

	
	
	
	Weather radars
	
	
	Ground based and airborne

	5850-5925 MHz
	FIXED
FIXED-SATELLITE (E/S)
MOBILE
5.250
	ECC/REC/(06)04
	BFWA
	
	EN 302 502
	Within the band 5725-5875 MHz

	
	
	
	FSS
	
	EN 301 443
	Priority for civil networks

	
	
	
	ISM
	
	
	Within the band 5725-5875 MHz

	
	
	ECC/DEC/(08)01
ECC/REC/(08)01

	ITS
	
	EN 302 571
	Within the band 5875-5925 MHz.
Within the band 5855-5875 MHz

	
	
	ERC/REC 70-03
	Non-Specific SRDs
	
	EN 300 440
	Within the band 5725-5875 MHz

	
	
	ERC/REC 70-03
	Radiodetermination applications
	
	EN 302 372
	Within the band 4500-7000 MHz for
TLPR application




[bookmark: _Toc374695804]Intelligent transportation systems (ITS) in the band 5855-5925 MHz

[bookmark: _Toc374695805]ITS General description
Radiocommunication systems in the 5 GHz range can today offer communications with a high data rate, ranges up to 1 000 m, low weather-dependence, and global compatibility and interoperability for ITS communication.
The connectivity required by the applications can be summarized as:
1. Inter-Vehicles Communications  (IVC) (this includes multi-hop routing involving several vehicles):
· Linear (e.g. for convoys of vehicles);
· Vehicle cluster covering several lanes (e.g. for lane management, overtaking assist).

1. Vehicle to Roadside (uplink) V2R and Roadside to Vehicle R2V (downlink):
· One vehicle to beacon;
· Beacon to one vehicle;
· Beacon to many vehicles (broadcast, short range and long range);
· Beacon to selected vehicles.
1. Cluster of vehicles communication, including to roadside beacon.

This is further described in ECC Report 101.
The following regulations have been developed for ITS in the 5 GHz range:
· 5855-5875 MHz: the band is recommended to be made available for ITS non-safety applications through ECC Recommendation (08)01. 
· 5875-5905 MHz: this band is designated through EC Decision 2008/671 and ECC Decision(08)01 for ITS road safety applications.
· 5905-5925 MHz : this band is identified in ECC Decision(08)01 as potential extension band for ITS. 

[bookmark: _Toc374695806]ITS Technical characteristics
Table 6: System parameter of ITS 
	Parameter
	Value
	Comments

	Frequency stability
	10 ppm
	According to ETSI EN 302 571 V1.2.2 (2011-10)

	Maximum radiated power (e.i.r.p.)
	Channel 5860, 5910 and 5920 MHz:
0 dBm, -10 dBm/MHz
Channel 5870 and 5890 MHz:
23 dBm, 13 dBm/MHz
Channel 5880 and 5900 MHz:
33 dBm, 23 dBm/MHz
	According to ETSI EN 302 571 V1.2.2 (2011-10) and ETSI EN 302 663 V1.3.1 (2012-06)
There are no equipment classes anymore. There are different power limits for different channels with highest allowed power for the most critical channels.
See figure 1.

	Antenna beam shape/gain
	For RSU and OBU use antenna model ITU-R F.1336-3 with parameters G0 5 dB, k 1.2, max gain in +10 deg elevation
	See Figure 95 and Equation 1. In ECC Report 101 there were 2 possible antennas, one very directional and one omnidirectional ITU-R F.1336-1. However ITS systems development shows that the omnidirectional will be the dominant type  and therefore only this should be used in these compatibility studies. There is a new version of model ITU-R F.1336-3 which should be used. Both versions 1 and 3 results in exactly the same antenna performance with these parameter settings.

	Polarization
	Vertical linear
	The antenna performance is not described in ETSI ITS however the vertical linear polarization is dominant.

	Modulation scheme
	BPSK QPSK 16QAM 64QAM
	According to ETSI EN 302 571 V1.2.1 (2013-09) and ETSI EN 302 663 V1.2.1 (2013-07)

	Data rates
	3/4.5 /6/9/12/18 /24/27 Mbit/s
Mandatory: 3/6/12 Mbit/s
	According to ETSI EN 302 571 V1.2.1 (2013-09) and ETSI EN 302 663 V1.2.1 (2013-07)

	Channel Bandwidth
	10 MHz
	According to ETSI EN 302 571 V1.2.1 (2013-09) and ETSI EN 302 663 V1.2.1 (2013-07)

	Communication mode
	Half‑duplex, broadcast
	Half‑duplex and broadcast are believed to be adequate for the applications considered to date.

	Receiver sensitivity
	-92dBm/MHz
	Based on -82 dBm for a bandwidth of 10 MHz. ETSI EN 302 571 V1.2.1 (2013-09) specifies minimum required sensitivity..

	Protection criterion
	Channel 5880, 5890 and 
5900 MHz:
C/I=12dB
Other channels:
C/I=6dB
	The three ITS-G5A channels are decided by the European Commission to be used for road safety communication and therefore a higher C/I value of 12 dB should be used for these channels.



Communication channels will be open for the applications within the respective usage category (either road safety related or not, i.e. used for traffic management). 
The required power levels (e.i.r.p.) range from 3 dBm to 33 dBm to achieve communication distances of up to 1000 m.
To avoid collisions of  radio messages in areas with a lot of vehicles, a mechanism DCC (dynamic congestion control) in ITS radios will when necessary reduce the output power and the available time to transmit.
There is a mechanism in ITS radios which will reduce the output power or available time to transmit when the radios are close to 5.8 GHz RTTT road tolling stations.
Unwanted emission levels are given by to ETSI EN 302 571 V1.2.2 (2011-10) for the out of band domain and SM.329 and ERC Recommendation 74-01 for the spurious domain.
Table 7: Transmitter unwanted emission limits inside the 5 GHz ITS bands (e.i.r.p.)
	Power spectral density at the carrier center fc (dBm/MHz)
	±4,5 MHz
Offset 
(dBm/MHz)
	±5,0 MHz
Offset 
(dBm/MHz)
	±5,5 MHz
Offset 
(dBm/MHz)
	±10 MHz
Offset 
(dBm/MHz)
	±15 MHz
Offset 
(dBm/MHz)

	23
	23
	-3
	-9
	-17
	-27

	The limits are reduced by 10 dB for the 5870 and 5890 channels and by 33 dB for 5860, 5910 and 5920 channels.







Figure 5: Maximum limit of mean spectral power density for each channel type in ITS-G5A, ITS-G5B, and ITS-G5D


[image: ]
[bookmark: _Ref350320140]Figure 6: OBU and RSU antenna pattern

Table 8: Minimum required receiver sensitivity; receivers will have up to 10 dB better sensitivity
	Modulation
	Coding rate
	Minimum sensitivity (dBm)

	BPSK
	1/2
	–85

	BPSK
	3/4
	–84

	QPSK
	1/2
	–82

	QPSK
	3/4
	–80

	16-QAM
	1/2
	–77

	16-QAM
	3/4
	–73

	64-QAM
	2/3
	–69

	64-QAM
	3/4
	–68




		(1a)

with:


			(1b)


			(1c)

where:
	G() :	gain relative to an isotropic antenna (dBi)
	G0 :	the maximum gain in the azimuth plane (dBi)
	 :	elevation angle relative to the angle of the maximum gain (degrees) 
	3 :	the 3 dB beamwidth in the elevation plane (degrees)
	k:	parameter which accounts for increased side-lobe levels above what would be expected for an antenna with improved side-lobe performance

[bookmark: _Ref350320178]Equation 1: Antenna model ITU-R F.1336-3; use G0 5 dB, k=1.2, max gain in +10 deg elevation

Regarding coexistence studies where these systems are potentially victims of interference from other systems, representative receivers have been used as follows:
In the case of ITS the RSU is considered to point towards the ground from an elevated position whereas the OBU uses an aerial that is omnidirectional in the horizontal plane and has some directivity in the vertical plane.  The most susceptible of these is the vehicular unit. 
[bookmark: _Toc374695807][ROAD] TRANSPORT AND TRAFFIC TELEMATICS (RTTT) in the band 5795-5815 MHz
ECC/DEC/(02)01 [7] has identified the frequencies for RTTT applications in the band 5.795-5.815 GHz, ECC/DEC(02)01 has been withdrawn by ECC/DEC(12)04. The frequency bands 5795-5805 MHz is identified in ERC Recommendation 70-03, Annex 5, for RTTT, with possible extension to 5815 MHz. The band 5795-5805 MHz is for use by initial road-to-vehicle systems, in particular road toll systems, with an additional sub-band, 5805-5815 MHz, to be used on a national basis to meet the requirements of multi-lane road junctions.
[bookmark: _Toc374695808]RTTT technical parameters
The regulatory parameters (maximum power levels) for RTTT are given in Annex 5 of ERC/REC 70-03 [2]. The RTTT parameters used in this Report are taken from the EN 300 674 [8] developed by ETSI and the EN12253 [9] developed by CENELEC. It should be noted that the EN 300 674 deals with both Road Side Units (RSU) and On-Board Units (OBU) and is divided in two parts, the part 1 providing general characteristics and test methods, the part 2 containing the essential requirements under article 3.2 of the R&TTE Directive [10].
Table 9: Summary of characteristics of the RTTT systems
	
	Road Side Units
	On Board Units

	Frequency range (MHz)
	5795 and 5815

	e.i.r.p. 
	2 W (33 dBm) standard for -35° ≤ θ ≤ 35°
18 dBm for θ > 35°
8 W (39 dBm) optional
	Maximum re-radiated sub-carrier e.i.r.p.:
-24 dBm (Medium data rate) 
-14 dBm (High data rate)


	Antenna gain
	10 – 20 dB (assumed front-to-back ratio of 15 dB)
	1 – 10 dB (assumed front-to-back ratio of 5 dB)

	Transmitter Bandwidth
	1 MHz 
	500 kHz 

	Receiver bandwidth 
	500 kHz
	200 MHz – 1.4 GHz (not used) 

	Polarization
	left circular
	left circular

	Receiver sensitivity (at the receiver input)
	-104 dBm (BPSK)

	-60 dBm

	Co-channel C/I (dB)
	  6 for 2-PSK, 
  9 for 4-PSK, 
12 for 8-PSK
	Not defined


The following figure depicts the RTTT frequency utilization for 1,5 MHz sub-carrier frequency, according the EN 300 674. The location of downlink channels from RSU to OBU and the location of uplink channels from OBU to RSU become visible.


[bookmark: _Ref345693798]Figure 7: RTTT frequency utilization for 1.5 MHz sub-carrier frequency, according the EN 300 674

The transmit power limits of RTTT downlink, uplink and out of band emissions are depicted in the following Figure. 

[bookmark: _Ref345693828]
Figure 8: e.i.r.p. limits of RTTT
RTTT Antenna characteristics 
Antenna gain
	13 dBi left circular (10 dBi vert. lin.)	antenna uplink (road side unit)
	8 dBi left circular (5 dBi vert. lin.)	antenna downlink (on board unit)
Antenna side lobe road side	difference in antenna gain between main lobe and horizontal direction
-15 dB
Antenna polarization
	left circular

In Italy a special version of TTT is used, defined in ETSI ES 200 674-1 V2.4.1 (2013-05). Interference effects of 5 GHz RLAN on this type of TTT system has not been considered yet, and may also need to be included in future analyses.
[bookmark: _Toc374695809]RTTT protection criteria
On Board Unit (OBU)
The OBU requires a -60 dBm signal in order to function at all and to understand commands from the RSU.  Assuming negligible re-radiation loss and a signalling distance of 8 m, the received signal strength at the OBU should be -59 dBm or higher . This corresponds to power density of -56 dBm/MHz. Assuming that simple BPSK is used, the required margin is 6 dB and thus the protection criterion in term of the maximum acceptable interference power at the OBU would be ‑62 dBm/MHz on-axis.
Road Side Unit (RSU)
The RSU, when operating in BPSK mode requires a 6 dB margin over its receiver sensitivity: this gives -107 dBm at the receiver input or density of -98 dBm/MHz at the input to an antenna with a -9 dB off-axis gain. Since the RSU antenna points at the road surface, no on-axis gain is taken into consideration.

[bookmark: _Toc374695810]Wireless industrial applications in the band 5725-5875 MHz
Detailed information on WIA can be found in ECC Report 206. The following table provides technical parameters of WIA for use in sharing studies. 
Table 10: Summary of characteristics of the WIA aystems
	Parameter
	Indoor 
	Outdoor

	max e.i.r.p.
	400 mW (26 dBm)
	400 mW (26 dBm)

	Receiver sensitivity
	-84 dBm in 1 MHz
-90 dBm in 3 MHz
-88 dBm in 20 MHz
	-90 dBm in 3 MHz
-88 dBm in 20 MHz

	Channel bandwidth 
	1 MHz, 3 MHz, 20 MHz
	3 MHz, 20 MHz 

	Antenna
	see Figure 10
	see Figure 10

	Antenna Gain
	5 dBi
	5 dBi

	Antenna height (m)
	0,5 m to 10 m
	0.5 m to 50 m

	Protection criteria (co-channel)
	6 dB
	6 dB



Antenna:

[image: ]
Figure 10: WIA Antenna pattern



[bookmark: _Toc374695811]Compatibility studies
[bookmark: _Toc374695812]MEthodology and approach common to all compatibility studies
[bookmark: _Toc374695813]Methodology

For the compatibility studies provided in this Report, the following approach is taken:
· As an initial step, perform MCL calculations for potentially worst case scenarios between RLAN and other systems. 
· As a second step, analyse potential mitigation techniques, define sharing conditions or conduct statistical simulations. 


[bookmark: _Toc374695814]Propagation model
The following propagation model with two breakpoints is used for MCL calculations:
PL=
The values of the breakpoints and pathloss factors depend on the environment and are given in the following table.
Table 11: Description of the propagation model considered for MCL calculations

	
	Urban
	Suburban
	Rural

	Breakpoint distance d0 (m)
	64
	128
	256

	Pathloss factor n0 beyond the first break point
	3.8
	3.3
	2.8

	Breakpoint distance d1 (m)
	128
	256
	1024

	Pathloss factor n1 beyond the first break point
	4.3
	3.8
	3.3



[image: ]
Figure 11: Attenuation of the propagation model used in the MCL calculations


The figure above describes attenuation of the different propagation models.
[bookmark: _Toc374695815]Compatibility between RLAN and ITS in the band 5855-5925
[bookmark: _Toc374695816]Description of scenarios for MCL calculations
The following scenarios describe realistic, worst-case conditions for ITS as a victim with maximum received interference power.

Scenario A1

[image: ]
[bookmark: _Ref179627834]Figure 12: Scenario A1 - ITS

The 5 GHz RLAN transmitter is placed inside a building at street level. The distance between the 5 GHz RLAN antenna and the ITS antenna, placed on the roof of a vehicle, is assumed to be 6 m.

Scenario A2
This is the same scenario as A1 but where the 5 GHz RLAN transmitter is situated outside. Distance between the 5 GHz RLAN antenna and the ITS antenna placed on the roof of a vehicle is assumed to be 4 m.

Scenario B1

[image: ]
Figure 13: Scenario B1 - ITS

One or more 5 GHz RLAN transmitters are situated inside the vehicle. ITS antenna is installed on the roof of the vehicle. A distance of 1 m between the interferer and the victim was used in this study. The attenuation between the ITS antenna and the 5 GHz RLAN antenna is highly variable, dependent on antenna positions, antenna performance, glass or metal on the vehicle roof etc. In this study, it was assumed 20 dB extra attenuation in addition to the ordinary path loss.

Scenario B2
This is the same scenario as B1 but with the ITS antenna integrated inside the vehicle passenger compartment. A distance of 1 m between the interferer and the victim was used in this study.


Scenario C1
[image: ]
Figure 14: Scenario C1 - ITS
The ITS radio is mounted on the road side such as on a traffic light. One or several 5 GHz RLAN transmitters are in close proximity. In this example, pedestrians carrying smart phones are waiting under a traffic light to cross the street.
[bookmark: _Toc374695817]Results of  MCL calculations
MCL calculations - Separation distances
For the scenarios A1, A2 and C1 described above, MCL calculations are performed to derive separation distances using the propagation model described in section 4.1. For scenarios B1 and B2, calculation of separation distances was not found appropriate.
Table 12: MCL calculations for ITS – separation distances
	
	
	Scenario A1
	Scenario A2
	Scenario C1

	
	 
	Urban
	Suburban
	Rural
	Urban
	Suburban
	Rural
	Urban
	Suburban
	Rural

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Emission part: RLAN (20 MHz)
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Bandwidth
	MHz
	20
	20
	20
	20
	20
	20
	20
	20
	20

	TX out (e.i.r.p.)
	dBm
	23
	23
	23
	23
	23
	23
	23
	23
	23

	Effect of TPC
	dB
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Wall loss
	dB
	15
	15
	15
	0
	0
	0
	0
	0
	0

	Antenna Gain  (0 because of e.i.r.p.)
	dBi
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Net Tx density of power
	dBm/MHz
	-5
	-5
	-5
	10
	10
	10
	10
	10
	10

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Reception part: ITS
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Receiver bandwidth
	MHz
	10
	10
	10
	10
	10
	10
	10
	10
	10

	Receiver sensitivity
	dBm
	-85
	-85
	-85
	-85
	-85
	-85
	-85
	-85
	-85

	Antenna gain
	dBi
	4
	4
	4
	4
	4
	4
	4
	4
	4

	C min per MHz at antenna input
	dBm/MHz
	-99
	-99
	-99
	-99
	-99
	-99
	-99
	-99
	-99

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Protection criterion
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Criterion C/I
	dB
	12
	12
	12
	12
	12
	12
	12
	12
	12

	Allowable interfering power level 'I' at
	dBm/MHz
	-111
	-111
	-111
	-111
	-111
	-111
	-111
	-111
	-111

	receiver antenna input
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Main lobe RLAN - Main lobe ITS
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Sidelobe attenuation
	dB
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Required Attenuation
	dB
	106
	106
	106
	121
	121
	121
	121
	121
	121

	Separation distance RLAN → ITS

	m
	225
	370
	585
	505
	920
	1810
	505
	920
	1810



MCL calculations – derivation of maximum output power
For the scenarios under consideration, taking a fixed separation distance between RLAN transmitter and ITS receiver, MCL calculations are performed to derive the maximum RLAN output power.
Table 13: MCL calculations for ITS – derivation of RLAN output power
	
	
	Scenario A1
	Scenario A2
	Scenario B1
	Scenario B2
	Scenario C1

	
	 
	Urban
	Urban
	Urban
	Urban
	Urban

	Main lobe RLAN - Main lobe ITS
	 
	 
	 
	 
	 
	 

	Assumed separation distance RLAN → ITS
	m
	6
	4
	1
	1
	2

	Required Attenuation
	dB
	63
	60
	48
	48
	54

	Sidelobe attenuation
	dB
	0
	0
	0
	0
	0

	 
	 
	 
	 
	 
	 
	 

	Reception part: ITS
	 
	 
	 
	 
	 
	 

	Receiver bandwidth
	MHz
	10
	10
	10
	10
	10

	Receiver sensitivity
	dBm
	-85
	-85
	-85
	-85
	-85

	Antenna gain
	dBi
	4
	4
	4
	4
	4

	C min per MHz at antenna input
	dBm/MHz
	-99
	-99
	-99
	-99
	-99

	 
	 
	 
	 
	 
	 
	 

	Protection criterion
	 
	 
	 
	 
	 
	 

	Criterion C/I
	dB
	12
	12
	12
	12
	12

	Allowable interfering power level 'I' at receiver antenna input
	dBm/MHz
	-111
	-111
	-111
	-111
	-111

	 
	 
	 
	 
	 
	 
	 

	Emission part: RLAN (20 MHz)
	 
	 
	 
	 
	 
	 

	Net Tx density of power
	dBm/MHz
	-48
	-51
	-63
	-63
	-57

	Antenna Gain  (0 because of e.i.r.p.)
	dBi
	0
	0
	0
	0
	0

	Wall loss
	dB
	15
	0
	20
	0
	0

	Effect of TPC
	dB
	0
	0
	0
	0
	0

	Bandwidth
	MHz
	20
	20
	20
	20
	20

	Result maximum TX out (e.i.r.p.)
	dBm
	-20
	-38
	-30
	-50
	-44



[bookmark: _Toc374695818]Analysis – need for further studies
Depending on the scenario, the studies showed required minimum separation distances from 225 m up to 1810 m between 5GHz RLAN devices with 20 MHz bandwidth and ITS systems.
Under worst case conditions, with short separation distances, the calculations have shown that 
sharing is possible if the 5 GHz RLAN output power does not exceed the following:
	-33 dBm/MHz e.i.r.p. indoor (6 m separation)
	-57 dBm/MHz e.i.r.p. outside (4 m separation)
	-63 dBm/MHz e.i.r.p. within a vehicle (1 m separation).

In order to achieve feasible sharing conditions, there is a need for further studies, on the development of additional scenarios and on mitigation techniques to improve the compatibility between RLAN and ITS. 

[bookmark: _Toc374695819]Mitigation techniques to enable coexistence of RLAN and ITS
Studies are ongoing on interference avoidance techniques currently employed in 5 GHz RLAN systems and their applicability to ITS.
[bookmark: _Toc374695820]Clear Channel Assessment (CCA)
A fundamental principle employed in the IEEE 802.11 (“Wi-Fi”) standard is that of Carrier Sense Multiple Access with Collision Avoidance (CSMA/CA). Simply put this is a “listen-before-talk” process, where the 802.11 system tries to detect whether a channel is busy before transmitting a data packet. This process, often referred to as Clear Channel Assessment (CCA), uses two rules to detect whether a channel is transitioning from idle to busy:

1. Carrier Sensing (CS)
2. Energy Detection (ED)

CS tries to match the received signal with known training (preamble) signal signatures of other 802.11 devices. ED detects whether any energy is present above a certain threshold, regardless of the form of the signal. While CS is primarily designed to avoid interference between other 802.11 devices, ED can avoid interference with other unlicensed devices using technologies different from 802.11. If the medium is determined to be busy, either by CS or ED, then the device must wait (defer) for a period of time called the backoff. CCA has proven to be a very effective method for medium sharing, particularly for lightly loaded Wi-Fi networks.

RLAN devices can use channels with 20, 40, 80 or 160 MHz bandwidths (as defined in the 802.11ac specification). In order to use channels wider than 20 MHz CCA must be performed across a wider frequency range. To achieve this, the 802.11ac specification defines several CCA channels; a Primary channel and one or more Secondary CCA channels. For example if an RLAN device is to operate in an 80 MHz it must perform CCA in the Primary (20 MHz) channel as well as 3 adjacent 20 MHz Secondary channels.

The current draft of the P802.11ac specification defines detection levels for CS and ED in the Primary and Secondary channels as shown in Table 1.

[bookmark: _Ref373578894]Table 14 - P802.11ac draft CCA detection levels
	
	CS detection level (dBm)
	ED detection level (dBm)

	Primary CCA Channel
	-82
	-62

	Secondary CCA Channel
	-72
	-62


As can be seen in Table 1 there is a significant difference between detection levels using CS and ED. In the Primary Channel, there is a 20dB difference between detection thresholds. Put in terms of range, if a device is operating in free space (1/R2 pathloss) then a preamble can be detected using CS at ten times the distance that energy can be detected using ED. Therefore CS of the preambles offers far better protection against interference than ED.
[bookmark: _Toc374695821]Applicability of CCA to ITS
ITS adopted the 802.11p Physical layer (PHY) specification. This has preamble structure in common with other members of the 802.11 OFDM family. Hence CS of the 802.11p preamble should be possible. However, 4 issues need to be resolved in order to achieve this:
1. Neither 802.11n nor 802.11ac are capable of performing CCA on a 10MHz channel; both use a minimum channel bandwidth of 20MHz. If IEEE 802.11 forms a task group to amend the 802.11ac portion of the specification, a 10MHz CCA mode would have to be added. This would be for the purpose of carrier sensing OFDM frames using a 10MHz channel width, like DSRC, and would not require adding a 10 MHz transmit option for the 802.11n or 802.11ac PHY.
2. The 802.11ac specification requires CS to detect frames with received power at or above -82dBm, a threshold that would drop 3 dB to -85 dBm in a 10 MHz channel. But, fielded DSRC systems have been demonstrated to successfully decode frames received below -90dBm. In this case, a DSRC system would detect another DSRC signal at almost twice the distance that a minimum conforming Wi-Fi system would detect DSRC. This difference in detection range would lead to scenarios in which a Wi-Fi signal would interfere with a DSRC system’s ability to receive DSRC frames. Such interference is contrary to the rules under which unlicensed systems share spectrum with licensed users. For this reason, it is imperative that a Wi-Fi system should have CCA sensitivity at least as good, if not better than, the DSRC system to adequately protect DSRC transmissions. 
3. The reciprocal problem also exists, i.e. DSRC systems use CCA to sense other DSRC transmissions, but are not capable of detecting the preamble of wider bandwidth Wi-Fi signals. The principle of unlicensed sharing dictates that licensed users are not obliged to change their methods of operation in order to accommodate unlicensed users, so this inability of DSRC to detect Wi-Fi in the same band is not likely to change.
4. The whole concept of CCA is to assess whether the medium is busy to allow a method for gaining access to the channel. Modern 802.11 systems employ methods to try to give some types of packet traffic a priority over others (e.g., EDCA). DSRC deserves preferential treatment because it has a priority allocation in the 5 875 to 5 905 MHz band.

[bookmark: _Toc374695822]Further development
Further work is required to specify details of the mitigation techniques which would improve the coexistence between RLAN and ITS. 
[bookmark: _Toc374695823]Compatibility between RLAN and RTTT in the band 5795-5815 MHz
[bookmark: _Toc374695824]Description of scenarios for MCL calculations
The following scenarios describe realistic, worst-case conditions for TTT as a victim with maximum received interference power.
Scenario A1

[image: ]
Figure 15: Scenario A1 -TTT

The 5 GHz RLAN transmitter is situated close to the TTT system. The figure above shows an example with a multilane road toll. The 5 GHz RLAN transmitter appears in red and the TTT receivers are shown in blue. In this scenario it is assumed the 5GHz RLAN transmitter, access point or the device, is close to the TTT communication zone, but situated inside a building. The distance between the 5 GHz RLAN transmitter and the TTT road side receiver antenna is assumed to be [4 m] or longer.	Comment by Bruno Espinosa: Distance subject to further consideration
There are also other possible scenarios, the multilane road toll depicted here is just an example. Other examples could be tolling points within city centres, access point to parking lots, etc. Buildings close to the streets not being owned or controlled by the TTT-operator are considered. In this building, RLAN devices could be operated without any influence by the TTT-operator.

Scenario A2
This is the same as scenario A1 except that the the RLAN transmitter is situated outside of a building.

Scenario B
[image: ]
Figure 16: Scenario B -TTT

Here the 5 GHz RLAN transmitters are found inside the vehicle. If the RLAN device is transmitting within the TTT communication zone, its transmission would radiate through the vehicle window interfering directly with uplink communications to the TTT road side receiver antenna. In the case of a cabriolet or a motor cycle there is no wind screen, which normally reduce transmit power by 3 dB.

[bookmark: _Toc374695825]Results of  MCL calculations
MCL calculations - Separation distances
For the scenarios A1 and A2 described above, MCL calculations are performed to derive separation distances using the propagation model described in section 4.1. For the scenario B, calculation of separation distances was not found appropriate.
Table 15: MCL calculations for TTT – separation distances
	
	
	Scenario A1
	Scenario A2

	
	 
	Urban
	Suburban
	Rural
	Urban
	Suburban
	Rural

	 
	 
	 
	 
	 
	 
	 
	 

	Emission part: RLAN (20 MHz)
	 
	 
	 
	 
	 
	 
	 

	Bandwidth
	MHz
	20
	20
	20
	20
	20
	20

	TX out (e.i.r.p.)
	dBm
	23
	23
	23
	23
	23
	23

	Effect of TPC
	dB
	0
	0
	0
	0
	0
	0

	Wall loss
	dB
	15
	15
	15
	0
	0
	0

	Antenna Gain  (0 because of e.i.r.p.)
	dBi
	0
	0
	0
	0
	0
	0

	Net Tx density of power
	dBm/MHz
	-5
	-5
	-5
	10
	10
	10

	 
	 
	 
	 
	 
	 
	 
	 

	Reception part: TTT
	 
	 
	 
	 
	 
	 
	 

	Receiver bandwidth
	MHz
	0,5
	0,5
	0,5
	0,5
	0,5
	0,5

	Receiver sensitivity
	dBm
	-104
	-104
	-104
	-104
	-104
	-104

	Antenna gain
	dBi
	10
	10
	10
	10
	10
	10

	C min per MHz at antenna input
	dBm/MHz
	-111
	-111
	-111
	-111
	-111
	-111

	 
	 
	 
	 
	 
	 
	 
	 

	Protection criterion
	 
	 
	 
	 
	 
	 
	 

	Criterion C/I
	dB
	6
	6
	6
	6
	6
	6

	Allowable interfering power level 'I' at
	dBm/MHz
	-117
	-117
	-117
	-117
	-117
	-117

	receiver antenna input
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 

	Main lobe RLAN - Side lobe TTT
	 
	 
	 
	 
	 
	 
	 

	Sidelobe attenuation
	dB
	15
	15
	15
	15
	15
	15

	Required Attenuation
	dB
	97
	97
	97
	112
	112
	112

	Separation distance RLAN → TTT
	m
	141
	212
	280
	315
	540
	970

	 
	 
	 
	 
	 
	
	
	



MCL calculations – derivation of maximum output power
For the scenarios under consideration, taking a fixed separation distance between RLAN transmitter and TTT receiver, MCL calculations are performed to derive the maximum RLAN output power.
Table 16: MCL calculations for TTT – derivation of RLAN output power
	
	
	Scenario A1
	Scenario A2
	Scenario
B

	
	 
	Urban
	Urban
	Urban

	Main lobe RLAN - Main lobe TTT
	 
	 
	 
	 

	Assumed separation distance RLAN → TTT
	m
	4
	4
	4

	Required Attenuation
	dB
	60
	60
	60

	Sidelobe attenuation
	dB
	0
	0
	0

	 
	 
	 
	 
	 

	Reception part: TTT
	 
	 
	 
	 

	Receiver bandwidth
	MHz
	0,5
	0,5
	0,5

	Receiver sensitivity
	dBm
	-104
	-104
	-104

	Antenna gain
	dBi
	10
	10
	10

	C min per MHz at antenna input
	dBm/MHz
	-111
	-111
	-111

	 
	 
	 
	 
	 

	Protection criterion
	 
	 
	 
	 

	Criterion C/I
	dB
	6
	6
	6

	Allowable interfering power level 'I' at receiver antenna input
	dBm/MHz
	-117
	-117
	-117

	 
	 
	 
	 
	 

	Emission part: RLAN (20 MHz)
	 
	 
	 
	 

	Net Tx density of power
	dBm/MHz
	-57
	-57
	-57

	Antenna Gain  (0 because of e.i.r.p.)
	dBi
	0
	0
	0

	Wall loss
	dB
	15
	0
	3

	Effect of TPC
	dB
	0
	0
	0

	Bandwidth
	MHz
	20
	20
	20

	Result maximum TX out (e.i.r.p.)
	dBm
	-29
	-44
	-41




[bookmark: _Toc374695826]Analysis 
Depending on the scenario, the studies showed required, minimum separation distances from 141 m up to 970 m between 5 GHz RLAN devices with 20 MHz bandwidth and TTT systems.
Under worst case conditions, with short separation distances, the calculations have shown that sharing is possible if the 5 GHz RLAN output power does not exceed the following:
-42 dBm/MHz e.i.r.p. indoor (4 m separation)
-57 dBm/MHz e.i.r.p. outside (4 m separation)
-54 dBm/MHz e.i.r.p. within a vehicle (4 m separation)


In order to achieve feasible sharing conditions, there is a need for further studies, on the development of additional scenarios and on mitigation techniques to improve the compatibility between RLAN and TTT. 

[bookmark: _Toc374695827]COMPATIBILITY between RLAN and WIA in the band 5725-5875 MHz
[bookmark: _Toc374695828]Description of scenarios for MCL calculations
The following scenarios describe realistic, worst-case conditions for WIA as a victim with maximum received interference power.

Scenario 1:
The 5 GHz RLAN transmitter is placed inside a factory floor. The distance between the 5 GHz RLAN antenna and the WIA antenna, placed on the robot arm, along a production line and on mobile device like autonomous guided vehicles and forklifts, is assumed to be 6 m.



Figure 17:	Indoor scenario: RLAN mobile device in a factory floor
Within the factory plant, it can be expected that installation of RLAN AP can be managed to avoid incompatibility with WIA. However, this scenario may be relevant for RLAN client devices operating in ad-hoc mode.


Scenario 2:
The 5 GHz RLAN transmitter is placed at the border/fence of a plant. The distance between the 5 GHz RLAN antenna and the WIA antenna, placed on outdoor devices in the plant, is assumed to be 50 m.


Figure 18: Outdoor scenario: RLAN mobile device at the border/fence of a plant
[bookmark: _Toc374695829]Results of MCL calculations
MCL calculations performed for both scenarios lead to the same results if the same parameters are considered for RLANs. When the 5 GHz RLAN transmitter is placed within a factory or at the border/fence of plant, the following separation distance are required.
Table 17: Calculation example for interferer RLAN (20 MHz) and victim WIA (1 MHz)
	Link budget scenario 1 and 2
	 
	Urban
	Suburban
	Rural

	Emission part: RLAN (20 MHz)
	 
	 
	 
	 

	Bandwidth
	MHz
	20
	20
	20

	TX out (e.i.r.p.)
	dBm
	23
	23
	23

	Effect of TPC
	dB
	0
	0
	0

	Wall loss
	dB
	0
	0
	0

	Antenna Gain  (0 because of e.i.r.p.)
	dBi
	0
	0
	0

	Net Tx density of power
	dBm/MHz
	10
	10
	10

	Reception part: WIA
	 
	 
	 
	 

	Receiver bandwidth (WIA-I: 1 MHz, WIA-II: 20 MHz, WIA-III: 3 MHz)
	MHz
	1
	1
	1

	Receiver sensitivity (WIA-I: -84 dBm, WIA-II: -88 dBm, WIA-III: -92 dBm)
	dBm
	-84
	-84
	-84

	Antenna gain
	dBi
	5
	5
	5

	C min per MHz at antenna input
	dBm/MHz
	-89
	-89
	-89

	 
	 
	 
	 
	 

	Protection criterion
	 
	 
	 
	 

	Criterion C/I
	dB
	6
	6
	6

	Allowable interfering power level 'I' at
	dBm/MHz
	-95
	-95
	-95

	receiver antenna input
	 
	 
	 
	 

	 
	 
	 
	 
	 

	Main lobe RLAN - Main lobe WIA
	 
	 
	 
	 

	Required Attenuation
	dB
	105
	105
	105

	Separation distance RLAN → WIA
	m
	295
	500
	880

	Main lobe RLAN - Side lobe WIA
	 
	 
	 
	 

	Sidelobe attenuation
	dB
	15
	15
	15

	Required Attenuation
	dB
	90
	90
	90

	Separation distance RLAN → WIA
	m
	93
	129
	129

	
	 
	 
	 
	 


Table 18: Separation distance for interference link transmitter (RLAN) bandwidth 20 MHz
	Separation distance [m]

	 
	
	Urban
	Suburban
	Rural

	WIA –I (1 MHz, -84 dBm sensitivity)
	Main lobe
	215
	349
	538

	
	Side lobe
	93
	129
	129

	WIA – II (20 MHz, -88 dBm sensitivity)
	Main lobe
	533
	979
	1945

	
	Side lobe
	239
	395
	635

	WIA-III (3 MHz, -92 dBm sensitivity)
	Main lobe
	425
	757
	1447

	
	Side lobe
	190
	305
	448



Table 19: Separation distance for interference link transmitter (RLAN) bandwidth 40 MHz
	Separation distance [m]

	 
	
	Urban
	Suburban
	Rural

	WIA –I (1 MHz, -84 dBm sensitivity)
	Main lobe
	183
	291
	420

	
	Side lobe
	77
	91
	91

	WIA – II (20 MHz, -88 dBm sensitivity)
	Main lobe
	454
	816
	1576

	
	Side lobe
	203
	329
	496

	WIA-III (3 MHz, -92 dBm sensitivity)
	Main lobe
	362
	631
	1173

	
	Side lobe
	162
	254
	350



Table 20: Separation distance for interference link transmitter (RLAN) bandwidth 80 MHz
	Separation distance [m]

	 
	
	Urban
	Suburban
	Rural

	WIA –I (1 MHz, -84 dBm sensitivity)
	Main lobe
	155
	241
	328

	
	Side lobe
	64
	64
	64

	WIA – II (20 MHz, -88 dBm sensitivity)
	Main lobe
	386
	680
	1278

	
	Side lobe
	173
	274
	387

	WIA-III (3 MHz, -92 dBm sensitivity)
	Main lobe
	308
	526
	938

	
	Side lobe
	138
	206
	273



Table 21: Separation distance for interference link transmitter (RLAN) bandwidth 160 MHz
	Separation distance [m]

	 
	
	Urban
	Suburban
	Rural

	WIA –I (1 MHz, -84 dBm sensitivity)
	Main lobe
	132
	195
	256

	
	Side lobe
	46
	46
	46

	WIA – II (20 MHz, -88 dBm sensitivity)
	Main lobe
	329
	566
	1036

	
	Side lobe
	147
	224
	302

	WIA-III (3 MHz, -92 dBm sensitivity)
	Main lobe
	262
	438
	732

	
	Side lobe
	116
	167
	198



[bookmark: _Toc374695830]Analysis – need for further studies
The MCL calculations lead to significant separation distances. 
There is a need for further studies, on the development of additional scenarios and on mitigation techniques to improve the compatibility between RLAN and WIA. 
[bookmark: _Toc374695831]Conclusions
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[bookmark: _Toc374695832]Systems for public transport automation in the 5.915-5.935 GHz band

This Annex provides parameters of systems for public transport automation (like subways) operating in the 5.915-5.935 GHz GHz band.
0. System descriptions and parameters

The systems allows data exchange between the fixed railway infrastructure and wagons (moving or stationing). Table 1 summarizes paramters of the system.

Table 22: Summary of characteristics of the public transport automation systems in the 5.915-5.935 GHz band
	Parameter:
	Value

	Frequency band: 
	5915-5935 MHz

	Channel bandwidth:
	5 MHz

	Channel spacing: 
	fn = 5915 – 2,5 + 5 n MHz, 1 ≤ n ≤ 4  (n integer)

	Antenna Infrastructure (case A)
	17 dBi (15°-20° aperture) 

	Antenna Infrastructure (case B)
	19 dBi (15°-20° aperture) 

	Antenna Wagon
	17 dBi horn type

	C/I adjacent channel
	50 dB

	Max theoric Power at TX output 
	24 dBm +- 1 dB

	Max EIRP for regulatory considerations
	29.5 dBm

	Modulation
	DPSK

	Receiver noise figure
	5 dB




The figure below summarizes the spectrum emission mask of the system.

[image: ]
Figure 19: Spectrum emission mask of the public transport automation systems
0. preliminary mcl calculations
The fiollowing table shows the MCL worst case calculations when RLAN is assumed to be outdoor:
Table 23: MCL calculations- outdoor RLANs
[image: ]

The fiollowing table shows the MCL worst case calculations when RLAN is assumed to be indoor:
Table 24: MCL calculations- indoor RLANs
[image: ]

The results indicate MCL worst case separation distances of hundreds of meters, it is therefore necessary conduct more detailed studies.
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OUTDOORParameters Unit Dir Lan vs VagonDir Lan vs InfraOmni vs VagonOmni vs Infra

RX bandwith MHz 5,0 5,0 5,0 5,0

Noise figure dB 5,0 5,0 5,0 5,0

RX temp. K 290,0 290,0 290,0 290,0

Noise level dBm -102,0 -102,0 -102,0 -102,0

RX antenna gain dBi 17,0 19,0 17,0 19,0

target I/N dB -6,0 -6,0 -6,0 -6,0

Max P int dBm -108,0 -108,0 -108,0 -108,0

RLAN eirp dBm 33,0 33,0 23,0 23,0

RLAN bandwidht MHz 20,0 20,0 20,0 20,0

Wall loss dB 0,0 0,0 0,0 0,0

Polarization mismatch dB 3,0 3,0 3,0 3,0

Required coupling loss dB 149,0 151,0 139,0 141,0

Required separation distance (urban) m 730,0 785,0 507,0 545,0

MCL
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INDOOR Parameters Unit Dir Lan vs VagonDir Lan vs InfraOmni vs VagonOmni vs Infra

RX bandwith MHz 5,0 5,0 5,0 5,0

Noise figure dB 5,0 5,0 5,0 5,0

RX temp. K 290,0 290,0 290,0 290,0

Noise level dBm -102,0 -102,0 -102,0 -102,0

RX antenna gain dBi 17,0 19,0 17,0 19,0

target I/N dB -6,0 -6,0 -6,0 -6,0

Max P int dBm -108,0 -108,0 -108,0 -108,0

RLAN eirp dBm 33,0 33,0 23,0 23,0

RLAN bandwidht MHz 20,0 20,0 20,0 20,0

Wall loss dB 15,0 15,0 15,0 15,0

Polarization mismatch dB 3,0 3,0 3,0 3,0

Required coupling loss dB 134,0 136,0 124,0 126,0

Required separation distance (urban) m 422,0 454,0 293,0 315,0
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