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Introduction
One of the areas where further studies are needed is WSD characteristics, item A1 in the ECC Report 159, Chapter 11.
This contribution addresses the transmit power levels of the White Space Devices that would make sense from the foreseen usage point of view. 
The intention of this document is to provide initial input together with very simple justifications. The outcome should be considered only as indicative about the orders of magnitude, not as precise values or any proposal about possible requirement. 
We believe, that CEPT should maintain the principle of the location specific maximum transmit power by allowing the White Space Devices in their locations to use transmit power up to the limit that still avoids causing harmful interference, without putting lower regulatory restrictions.
Discussion

1. Possible use cases

There has been a lot of discussion about the foreseen use cases for White Space devices, within the standardization bodies, research projects and scientific publications. The issue has also been slightly touched in the regulatory discussions, e.g. within SE43.
The ECC Report 159 addressed the possible device categories and their deployment scenarios with the view of deriving the protection requirements of existing services. The scenarios were illustrative and not intended to restrict industry flexibility to innovative in using white spaces. It was noted that it is very likely that there can be other kinds of devices and deployments. However, those categories and scenarios can provide a starting point.

The following device categories were identified:

· Personal/portable

· Home/office devices

· Private and public access points

Based on these device categories five deployment scenarios were foreseen, in which the differentiation was made whether the WSD is indoors or outdoors, and whether the antenna height is low or high. 

Concerning the intended transmit power levels some numbers were given in the Report 159 for short range and longer range applications, but without being specific about the applications. There was no information what the intended ranges were and there was no justification for the numbers.
ETSI use cases are presented in TR 102 907 (Reconfigurable Radio Systems (RRS): use cases for Operation in White Space Frequency Bands). ETSI is considering the use cases from a more analytical manner, addressing e.g. mid/long range wireless access with different mobilities, short range wireless access with different kinds of coexistence management, several cases of ad-hoc networking, combined ad-hoc and wireless access, sporadic use of TV WS, backhaul and MBMS. It should be noted that ETSI considers distances up to 50 m as short range, and up to 10 km as mid/long range.
There are also other approaches presented by various sources, starting for example more from the applications and services than from the technology options. There are various journal and conference papers about such use cases.
For the purpose of this work three different use cases are selected to be representative examples of various use cases:
Home indoor coverage
· Home indoor may cover a residential house, comprising of several rooms and possibly a few floors. The required distances can be of the order of 12 to 15 meters, and the signal may need to penetrate through a few floors and/or through a few walls in the building. In practise the materials and the layout of a house can be very different, thus a simplified case is assumed here. The configuration is shown in Figure 1.
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Figure 1.
Outdoor coverage

· In this case there is an access point inside a house, and the intention is to facilitate coverage not only in the house, but also outside of the house, in the garden and on the street. Distances up to 150 m may be required, as this example is intended to provide coverage also to the public area near the house. The configuration is shown in Figure 2.
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Figure 2.
Area coverage

· In this case there is a “public” access point (base station) in a village, with the intention to provide access to the nearby houses. The area may be sparsely populated, thus ranges up to 1.5 km would be desirable. The configuration is shown in Figure 3
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Figure 3.
2. Analysis

This is a simple analysis of the required transmit power, as the intention is to derive indicative values only.
Home indoor coverage

The analysis is based on Free Space Loss, and in addition taking into account two lightly built walls, with penetration loss of 8 dB and one floor with penetration loss of 20 dB.

The required transmit power P is calculated from
P = Pn + SNR + Lp + Lmargin – G 
This can be expanded into
P = kTB + NF + SNR + FSL + Lw + Lmargin – (Gwsd + Gap)
   = kTB + NF + SNR + (4πdf/c)² + Lw + Lmargin – Gwsd - Gap

where

Pn = noise power
NF = receiver noise figure

SNR = required minimum signal-to-noise ratio

Lp = path loss
FSL = free space loss

Lw = penetration loss

Lmargin = loss margin, covering variable losses, such as std deviation of building penetration losses and path loss
G = antenna gains

Gwsd = wsd antenna gain

Gap = access point antenna gain

Assumed values

NF = 7 dB

SNR = 10 dB

Lw = 8 + 8 + 20 dB = 36 dB
Lmargin = 10 dB
Gwsd = Gap = 0 dBi

f = 630 MHz

d = 15 m

B = 7.6 MHz

Inserting the values results in
P= 9.76 dBm = 9.46 mW

Outdoor coverage

Also in this case the analysis is based on Free Space Loss, and in this case taking into account one lightly built wall inside the house, with penetration loss of 8 dB and one outer wall with penetration loss of 20 dB leading to Lw = 28 dB. In this case the desired distance is 150 m. Otherwise the calculations are done similarly to the previous example.

This results in required transmit power of

P = 21.76 dBm = 150 mW  

Area coverage

In this case the FSL cannot be used anymore. It is replaced by Okumura-Hata model for suburban environment. It applies to carrier frequencies from 150 MHz to 1500 MHz and distances from 1 km to 20 km. The height of the base station antenna can range from 30 m to 200 m and the mobile antenna from 1m to 10 m. For this case the base station antenna height of Hbs = 10 m is chosen, and for WSD antenna height Hwsd = 3 m. Antenna gain of 6 dBi is used for base station and 2 dBi for WSD, and the desired range is 1.5 km. Other assumptions remain as before.
Lsub [dB] = Lurban – 2 (log f/28)² - 5.4
where

Lurban [dB] = 69.55 + 26.16 log f – 13.82 log Hbs - Ch + (44.9 – 6.55 log Hbs)log d

and

antenna height correction factor Ch = 0.8 + (1.1 log f – 0.7) Hwsd – 1.56 log f

Inserting the values we get 
Ch = 3.57

Lurban = 132.14

and

Lsub = 123.08 dB

Inserting this into

P = Pn + SNR + Lsub – G = kTB + NF + SNR + Lsub – Gbs – Gwsd
= 36.88 dBm = 4.8 W
3. Summary

Based on these very simplified calculations it seems justified that for some indoor use cases transmit power in the order of 20 mW could be suitable, for some outdoor use cases transmit power in the order of 200 mW would be suitable, and in case of area coverage output power of 3 to 5 watts might be suitable. In the last example the wanted distance and required antenna characteristics have a significant impact on the required transmit power. 
Proposal

It is proposed that the text in the previous section “Discussion” is included in the “Working document on further definition of technical and operational requirements for the operation of white space devices in the band 470-790 MHz”.
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