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	Summary:
	This document defines maximum permitted e.i.r.p. limits for WSDs on the basis of the use cases currently considered in the ETSI. 
	

	Proposal:
	It is proposed to include the proposals for the maximum permitted e.i.r.p. limits for WSDs into the working document being developed by SE43. 
	

	Background:
	SE43 has been tasked by WGSE to continue the work on definition of technical and operational requirements for the operation of White Space Devices in the band 470-790 MHz taking into account Chapter 11 of ECC Report 159. Among others, WG SE requested to address the possibility to set up fixed maximum permitted e.i.r.p. limits for WSDs  taking into account indications from the industry on the foreseen operational ranges of WSDs and their possible classification.
	


1. Background
ECC Report 159 stipulates that 

"In some of the geo-location database usage models it may not be necessary for administrations to define, assume or mandate a fixed value for the maximum permitted e.i.r.p. for WSDs. However, Administrations may still decide to assume or mandate maximum permitted e.i.r.p. of WSDs considering their usage and the DTT implementations they are protecting. "
Given that SE43 has been tasked by WGSE to address the possibility to set up fixed maximum permitted e.i.r.p. limits for WSDs  taking into account indications from the industry on the foreseen operational ranges of WSDs and their possible classification.
2. Introduction

It is understood that for a WSD controlled by a geo-location database, the power levels, the device is allowed to transmit in a given geographical location, will be determined by the database. This determination is to be made either on the basis of the protection requirements for incumbent services/systems on co- and adjacent channels in the vicinity of the WSD location or on the basis of the regulation established in the country the device is located
. 
However, setting the fixed maximum e.i.r.p. limits for WSDs will ensure that the device power is bounded in case of a database malfunction resulting, for example, in the allowance to transmit with not justified high power levels. The device power limitation will also help different WSDs to access the spectrum in case when this access is not coordinated.
It is obvious that the power levels communicated by the database to the WSD may be lower than the maximum permitted limits. Nevertheless, the device will never transmit with an e.i.r.p. level in excess of the maximum permitted one even though the database translation engine may determine higher power levels to be allowed on vacant frequencies in a given geographical location. These maximum permitted e.i.r.p. levels for different categories of WSDs will need to be fixed at the hardware level by WSD manufacturers. 
Under a correct operation, a WSD will transmit with an e.i.r.p. determined as an absolute minimum of three power levels: the maximum permitted power for this device category, the power determined on the basis of incumbent service/system protection and the maximum allowable power set by the country regulation for secondary services/applications. 

This contribution attempts to calculate the maximum permitted e.i.r.p. limits for different categories of WSDs.

3. WSDs use cases 

At its 9th meeting SE43 received a liaison statement from the ETSI TC ERM (Document SE43(11)17) that brought the attention of SE43 to TR 102 907 "Use Cases for Operation in White Space Frequency Bands". It should be noted that the use cases described in this technical report are informative and do not prejudge future real deployments.

Different use cases listed in ETSI TR 102 907 can be broadly categorized according to their intended functionality and operational range into two categories:

· WSDs to provide outdoor Internet access from a base station to a user equipment with an operational range of 0-10 km.   
· WSDs to provide indoor Internet access from an access point to a user equipment with an operational range of 0-50 m.

4. WSDs parameters
The parameters assumed for outdoor and indoor WSDs are listed in Table 1. The parameters for outdoor WSDs are set by analogy with today’s cellular systems. Similarly, the parameters for indoor WSDs are set by analogy with today’s WiFi wireless communication systems.

Table 1. WSDs parameters
	Parameter
	Base station 
(outdoor)
	User equipment
(outdoor)
	Access point
(indoor)

	Date rate (Mbps)
	1
	0.128
	100

	Transmission bandwidth (MHz)
	8
	0.360
	22

	Noise figure (dB)
	5
	7
	7

	Antenna gain (dBi)
	8
	0
	0


The Shannon formula was used to compute the signal-to-noise ratio as a function of the transmission bandwidth and the data rate. It was then assumed that the WSDs are performing 2 dB off from the Shannon capacity bound. 
5. Propagation calculations

The Okumura-Hata model for open land was used to calculate the path loss in outdoor scenario. The base station and user terminal were assumed to be at 30 m and 1.5 m height, respectively.
For indoor path loss calculations the model described in Recommendation ITU-R P.1238-6 was applied. It should be noted that this model is adopted for the assessment of the propagation characteristics of indoor radio systems between 900 MHz and 100 GHz. However, as the path loss difference between the frequency 900 MHz and, for example, the frequency 600 MHz is only about 3.5 dB, the usage of Recommendation ITU-R P.1238-6 was considered acceptable, at least, to a 1st order approximation. The distance power loss coefficient of 33 was used. The access point and the user terminal were assumed to be on the same floor (i.e. no floor penetration loss was considered).
The outdoor and indoor shadow fading statistics were assumed to be log-normal with the standard deviation 
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of 5.5 dB. Gaussian confidence factor µ of 1.64 was used that relates to target location percentage of 95%. The shadowing margin related to the variation of the signal can be then calculated as 
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6. Link budget assessment

Thermal noise power NT is calculated using Boltzmann's equation:

NT = kTB,
where k is the Boltzmann’s constant,
T is the temperature,
B is the receiver bandwidth.
Receiver inherent noise (noise figure) is used to compute the receiver noise floor N:
N = NT + F,
where F is the noise figure.

With signal-to-noise ratio SNR the receiver sensitivity C is determined: 

C = SNR + N.

In order to account for the increase in the thermal noise level caused by other interference sources an interference margin IM of 3 dB is further assumed. 

With the path loss calculated over the expected operation range it becomes then possible to determine the required transmitter e.i.r.p.:

e.i.r.p = C + Lb + IM – Gi,
where Lb is the path loss including the shadow fading statistics,
Gi is the receiver antenna gain.

7. Results
The details of link budget calculations are given in Annex. 
The calculated maximum permitted e.i.r.p. limits for different WSDs categories considered are given in Table 2. 
Table 2. Calculated maximum permitted e.i.r.p. limits for WSDs

	
	e.i.r.p.

	WSD category
	(dBm)
	(mW)

	Base station (outdoor)
	36.2
	4'118

	User equipment (outdoor)
	17.6
	57

	Indoor access point
	18
	63


8. Proposal

It is proposed to mandate the e.i.r.p. values listed in Table 3 for maximum permitted e.i.r.p. limits for WSDs depending on their use category.

Table 3. Mandated maximum permitted e.i.r.p. limits for different WSD categories
	Base station (outdoor)
	4 W

	User equipment (outdoor)
	60 mW

	Indoor access point
	60 mW


Annex
Link budget calculations for different WSD categories
	Parameter
	Base station
(outdoor)
	User equipment
(outdoor)
	Access point
(indoor)

	Date rate (Mbps)
	1
	0.128
	100

	Transmission bandwidth (MHz)
	8
	0.360
	22

	Thermal noise (dBm)
	-104.9
	-118.4
	-100.5

	Receiver noise figure (dB)
	7
	5
	7

	Receiver noise floor (dBm)
	-97.9
	-113.4
	-93.6

	Signal-to-noise ratio (Shannon + 2 dB) (dB)
	-8.4
	-3.5
	15.5

	Receiver sensitivity (dBm)
	-106.4
	-116.9
	-78.1

	Interference margin (dB)
	3
	3
	3

	Maximum operational range (km)
	10
	10
	0.05

	Propagation loss (dB) 
	139.5
	139.5
	93.1

	Receiver antenna gain (dBi)
	0
	8
	0

	Required e.i.r.p. (dBm)
	36.2
	17.6
	18.0


____________________






� In the European Union the technical conditions and the licensing regimes for equipment using the radio spectrum in the frequency range up to 3000 GHz are described in the “Radio Interface Specifications” (RIS). Most CEPT administrations not being part of the EU have meanwhile also introduced RIS. The available RIS are published in the European EFIS-database (see � HYPERLINK "http://www.efis.dk" �www.efis.dk�) where information field Nr. 7 defines the maximum allowed transmission power or power density.








_1370349667.unknown

_1370349740.unknown

