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Abstract — In this paper we present a number of interferer-victim geometries for use by
white space databases in quantifying the extent of interference from white space devices
to fixed roof-top reception of digital terrestrial TV services. The geometries incorporate
the height, orientation, directionality, and polarity of the white space device antennas, as
well as their separation from the TV aerials.

1. Introduction

In our previous publications [1][2][3] we introduced the concepts of reference and non-
reference interferer-victim geometries for evaluating the impact of interference from white
space devices (WSDs) to the reception of digital terrestrial television (DTT). We explained
how reference geometries are required to allow white space databases (WSDBs) to account
for the uncertainties in the locations of the TV aerials.

In this paper, we present details of the reference and non-reference geometries which we
propose for use by WSDBs in the UK. These geometries are constructed in the context of
interference to fixed roof-top reception of DTT at a height of 10 m.

In section (2) we clarify some of the terminology associated with WSDs. Then in Section (3)
we explain the implications of device geo-location capability on the parameters that will be
communicated from a WSD to a WSDB. In Section (4) we re-iterate the distinction between
reference and non-reference geometries. In Section (5) we examine a range of WSD
deployment scenarios, and subsequently describe the proposed reference and non-
reference geometries for each scenario. Finally in Section (6) we address issues relating to
the calculation of the nominal coverage areas of master-WSDs.





2. Terminology: masters and slaves
We identify two types of WSD: masters and slaves.
A master-WSD is a device which has the ability to

a) directly and electronically communicate (as a minimum) its latitude-longitude location
and location uncertainty to a WSDB,

b) directly and electronically receive from a WSDB (as a minimum) a list of available
DTT channels and the corresponding maximum permitted EIRP for each channel,
and

c) [provide feedback to the WSDB with regards to the radio resource actually used by
the master-WSD and its associated slave-WSDs.]

In contrast, a slave-WSD cannot directly communicate with a WSDB. Any communication
between a slave-WSD and a WSDB must occur indirectly via a serving master-WSD.
Furthermore, a slave-WSD is not required to (but may) communicate its latitude-longitude
location or location uncertainty to a master-WSD. See Figure (1).

In principle, master and slave WSDs may be portable/mobile or fixed. The term “fixed” refers
to the case where the WSD antenna is permanently mounted on a hon-moving platform.
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Figure 1. Difference between masters and slaves.





3. Geo-location and antenna parameters

In the context of the TV white-space program, the term “geo-location” refers to the ability of a
WSDB to establish the latitude-longitude (or x,y) coordinates of a WSD (or more precisely,
the antenna of a WSD).

In principle, both fixed and portable/mobile WSDs can be geo-located by a WSDB. We
envisage two scenarios where this can occur:

a) A fixed or portable/mobile WSD that is equipped with appropriate technology can
automatically geo-locate itself. Such functionality will be subject to appropriate
technical conformance tests.

b) In cases where a fixed WSD is professionally installed, the user/installer of the
master-WSD can manually geo-locate the device. This information must be
accompanied by the identity of the user/installer. See also Annex 1.

A master-WSD must electronically communicate® its antenna (x,y) coordinates (and where
applicable, user identity) to a WSDB.

A geo-located slave-WSD must communicate (electronically’ or otherwise?) its antenna (x,y)
coordinates (and where applicable, user identity) to a master-WSD. This information must
then be electronically* communicated to a WSDB.

In addition to the (x,y) coordinates of its antenna, a WSD may establish and communicate to
a WSDB the following antenna characteristics:

Antenna height® above ground,

Antenna location indoors or outdoors,

Antenna angular discrimination (directionality and orientation);
Antenna polarisation.

Depending on the nature of the WSD, one or more of the above characteristics may not be
readily available from the WSD, and/or may not be meaningfully useable by the WSDB.

Tables (1) and (2) describe the antenna characteristics which will be used by WSDBs in
responding to various WSDs.

For portable/mobile WSDs (Table 1), antenna characteristics such as indoor/outdoor
location, directionality, and polarisation cannot be meaningfully used by a WSDB. For this
reason, default values will be assumed. A portable/mobile WSD that is capable of automatic
geo-location and reports its (x,y) coordinates, may also report its antenna height. Failing this,
the WSDB will assume a default height (see Section 5). A portable/mobile slave-WSD that is
not capable of geo-locating itself will be assumed to be located somewhere within the
coverage area of the associated master-WSD (see Section 6).

A fixed WSD (Table 2) that is geo-located by a professional installer and reports its (X,y)
coordinates, must also report its antenna height. A fixed WSD that is capable of automatic
geo-location may or may not have the capability of establishing and reporting its antenna

! Such communication must not occur over the UHF TV frequencies, unless the master-WSD has
already been granted permission to do so by a WSDB.

% This accounts for cases where, for example, the master and slave are operated by the same entity.
% In this document, the term “antenna height” always refers to height above ground level. Terrain
height will be additionally accounted for by the WSDBs.





height. If the antenna height cannot be automatically reported, the WSDB will assume a
default height (see Section 5). Geo-located WSDs may also report antenna characteristics
such as indoor/outdoor location, directionality, and polarisation. Failing this, default values
will be assumed.

A fixed slave-WSD that is not capable of geo-locating itself will be assumed to be located
somewhere within the coverage area of the associated master-WSD (see Section 6).

Table 1. Antenna parameters used by WSDBs for portable/mobile WSDs.

Category Portable/mobile WSDs
Condition:
WSD is capable of automatic geo-location.
Ger?];(;‘t:::ed (x,y) location : reported
or (x,y) location uncerta.inty . reported
Slave height : reported or default value
outdoor/indoor : outdoor
directionality : omni
polarisation : co-polar with DTT
(x,y) location € coverage of master-WSD
Non (x,y) location uncerta_inty . coverage of master WSD
geo-located height : default value
slave outdoor/indoor : outdoor
directionality : omni
polarisation : co-polar with DTT

Table 2. Antenna parameters used by WSDBs for fixed WSDs.

Category Fixed WSDs
Condition:
WSD is capable of automatic geo-location
or
WSD is professionally installed* and
Geo-located geo-location information is provided by user/installer.
master
or (x,y) location : reported
slave (x,y) location uncertainty : reported
height : reported or default value
outdoor/indoor : reported or outdoor
directionality : reported or omni,
polarisation : reported or co-polar with DTT
(x,y) location € coverage of master-WSD
(x,y) location uncertainty = coverage of master WSD
Non .
height : default value
geo-located : .
outdoor/indoor : outdoor
slave o : .
directionality : omni,
polarisation : co-polar with DTT.

* WSD height must be reported.






4. Reference and non-reference geometries

In the planning of the DTT network in the UK, the locations of households are accounted for
to within a spatial resolution of 100 m x 100 m pixels. For this reason, to evaluate
interference from WSDs, we require to construct two types of interference geometry:

e Reference geometries, and
o Non-reference geometries.

Reference geometries were introduced in [1][2] to account for the fact that WSDBs can only
account for the locations of victim TV aerials to within a spatial resolution of 2100 m x 100 m
(same as that used in the planning of the DTT network). This means that we cannot know,
with any degree of certainty, whether or not a victim TV aerial exists in the close proximity of
a WSD interferer. Specifically, reference geometries are helpful in cases where the interferer
and victim are deemed to be located within the same pixel (or in immediately adjacent pixels
[3]). Reference geometries are cautious by design; i.e., they tend to over-estimate the extent
of interference.

Non-reference geometries are used to characterise interference where the interferer and
victim are multiple pixels apart, and the limited spatial resolution of the information on TV
aerial locations is less important. With growing interferer-victim separations it also becomes
increasingly possible to incorporate — where available — antenna parameters such as
directionality and orientation in the calculation of the coupling gains.

Figure (2) illustrates the difference between reference and non-reference geometries.

WSD
Pixel where operatingatf;, fz, f
DTT service uses f;
20 km
okm \
f .
Pixels where Pixels where
DTT service uses f; DTT service uses f3

Figure 2. An illustration of reference and non-reference geometries. Interference from the
WSD (radiating at f; f, f3) to DTT reception at f, will be quantified via a reference geometry
(WSD and TV aerial in the same pixel). Interference from the WSD (radiating at f; f, f3) to
DTT reception at f; and f; will be quantified via non-reference geometries.





5. WSD deployments and assumed geometries

In this section we first describe a number of possible WSD deployments. Then, based on the
parameters that are communicated from WSDs to a WSDB (see Section 3), we specify
appropriate reference and non-reference geometries.

Figure (3) illustrates a number of WSD deployments. In what follows, the terms “indoor” and

“outdoor” refer to the location of the WSD antenna, and not necessarily the location of the
WSD itself.
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Figure 3. WSD deployment scenarios.

The term “fixed” refers to the case where the WSD antenna is permanently mounted on a
non-moving platform. In the context of our work, handset devices and laptops are deemed to
be portable/mobile deployments. An access-point in the home is considered a fixed
deployment, even though, strictly speaking, it might be a portable device (its location is
unlikely to change frequently or dramatically).

As described in Section (3) and in Tables (1) and (2), we do not discriminate between
master-WSDs and slave-WSDs in terms of their ability to geo-locate themselves. This is a
matter for the market. However, we do differentiate in following two respects:

a) We differentiate between devices that can and cannot geo-locate themselves.

b) We differentiate between portable/mobile devices and fixed devices, in terms of the
extent to which information provided by them can be meaningfully used by a WSDB.

Tables (3) and (4) below indicate the proposed reference and non-reference geometries for
use by a WSDB in calculating the impact of interference from WSDs to DTT reception.

Note that the term hysp refers to the reported height of the WSD antenna above ground
level. Where WSD antenna height is not reported, we use a default height value. For
reference geometries, the default height is 10 m. For non-reference geometries, the default
height is the clutter height, hqueer , in the relevant pixel(s). The clutter heights used by the
WSDBs will be the same as those used in the UK DTT planning model (UKPM).

In the case of portable/mobile WSDs (or fixed slave-WSD that are not geo-located), we
assume that the WSD is outdoors as a cautious measure. The resulting outdoor reference
geometry coupling gain for a WSD height of 10 m and a interferer-victim horizontal
separation of 20 m is then around -43 dB (at 474 MHZz). See also Annex 2.





Table 3. Interference geometries used by WSDBs for portable/mobile WSDs.

Category Portable/mobile WSDs
Reference geometry
Interferer-victim separation : [20] m
WSD height : reported hysp or 10 m
WSD indoor/outdoor : outdoor
WSD ant. angular discrimination : 0 dB
TV ant. height : 10 m
TV ant. gain : 9.15 dBi
Geo-located TV ant. angu:ar g?scr?m@nat!on bzsed on reported hysp or 0 dB
master TV ant. polar discrimination : 0 dB
or
Non-reference geometry
slave
Interferer-victim separation(s) : pixel separation(s)*
WSD height : reported hywsp or max(heter ,10 m)
WSD indoor/outdoor : outdoor
WSD ant. angular discrimination : 0 dB
TV ant. height : 10 m
TV ant. gain : 9.15 dBi
TV ant. angular discrimination : based on WSD height & DPSA
TV ant. polar discrimination : 0 dB
Reference geometry
Interferer-victim separation : [20] m
WSD height : 10 m
WSD indoor/outdoor : outdoor
WSD ant. angular discrimination : 0 dB
TV ant. height : 10 m
TV ant. gain : 9.15 dBi
TV ant. angular discrimination : 0 dB
Non TV ant. polar discrimination : 0 dB
geo-located
slave Non-reference geometry
Interferer-victim separation(s) : pixel separation(s)®
WSD height : max(hguger ,20 m)
WSD indoor/outdoor : outdoor
WSD ant. angular discrimination : 0 dB
TV ant. height : 10 m
TV ant. gain : 9.15 dBi
TV ant. angular discrimination : based on WSD height & DPSA
TV ant. polar discrimination : 0 dB

4 «

one pixel.

Pixel separation” (singular) if the location uncertainty does not exceed beyond the boundaries of

® “Pixel separation” (singular) if the coverage area of the associated master does not exceed beyond
the boundaries of one pixel.






Table 4. Interference geometries used by WSDBs for fixed WSDs.

Category Fixed WSDs

Reference geometry

Interferer-victim separation : [20] m
WSD height : reported hysp or 10 m
WSD indoor/outdoor : reported or outdoor
WSD ant. angular discrimination : reported or 0 dB
TV ant. height : 10 m
TV ant. gain : 9.15 dBi
TV ant. angular discrimination : based on reported hysp or 0 dB

Geo-located TV ant. polar discrimination : reported or 0 dB
master
or
Non-reference geometry
slave
Interferer-victim separation(s) : pixel separation(s)®
WSD height : reported hywsp or max(heter ,10 m)
WSD indoor/outdoor : reported or outdoor
WSD ant. angular discrimination : reported or 0 dB
TV ant. height : 10 m
TV ant. gain : 9.15 dBi
TV ant. angular discrimination : based on WSD height & DPSA
TV ant. polar discrimination : reported or 0 dB
Reference geometry
Interferer-victim separation : [20] m
WSD height : 10 m
WSD indoor/outdoor : outdoor
WSD ant. angular discrimination : 0 dB
TV ant. height : 10 m
TV ant. gain : 9.15 dBi
TV ant. angular discrimination : 0 dB
Non TV ant. polar discrimination : 0 dB
geo-located
slave Non-reference geometry

Interferer-victim separation(s) : pixel separation(s)’
WSD height : max(hguger ,20 m)
WSD indoor/outdoor : outdoor
WSD ant. angular discrimination : 0 dB
TV ant. height : 10 m
TV ant. gain : 9.15 dBi
TV ant. angular discrimination : based on WSD height & DPSA
TV ant. polar discrimination : 0 dB

® “Pixel separation” (singular) if the location uncertainty does not exceed beyond the boundaries of

one pixel.
" “Pixel separation” (singular) if the coverage area of the associated master does not exceed beyond
the boundaries of one pixel.





6. Non-geolocated slave-WSDs and coverage area of master-WSDs

As described in Tables (1) and (2) of Section (3), master-WSDs must always be geo-located.
However, slave-WSDs may or may not be geo-located.

Geo-located slave-WSDs will be treated by a WSDB in the same way as geo-located
master-WSDs. Slave-WSDs that cannot be geo-located, however, will be assumed by a
WSDB to be located somewhere within the coverage area of the associated master-WSD.

Here, the master-WSD coverage area is effectively the location uncertainty of the slave-
WSD. A WSDB will calculate the maximum permitted slave EIRP for each pixel within the
master’s coverage area and select the most stringent value [3]. This most stringent value will
then be communicated to the master-WSD for subsequent communication to the slave(s).

In this section we address the issue of the calculation of the master-WSD coverage area.
Table (5) below indicates the parameter values that are necessary for such a calculation.

Table 5. Calculation of master-WSD coverage
for dealing with slave-WSDs that are not geo-located.

Parameters required for calculation of master-WSD coverage

master-WSD EIRP : known
master-WSD (x,y) location : known
master-WSD (x,y) location uncertainty : known
master-WSD height : known or set to pixel heyer
master-WSD outdoor/indoor : known or outdoor
master-WSD directionality : known or omni

slave-WSD antenna height : 10 m
slave-WSD indoor/outdoor : outdoor
slave-WSD receive antenna gain : 2.15 dBi
slave-WSD antenna directionality : omni
slave-WSD ref. receiver sensitivity : known or default

master-slave propagation model : specified by Ofcom

The following points must be noted:

e The coverage area of the master-WSD can be derived in accordance to a link-budget
calculation, using the parameters described in Table (5). For consistency, the link-
budget calculation and associated propagation model will be specified by Ofcom.

e Since, by definition, the locations of the slave-WSDs are not known, we assume
default values for the slave-WSD antenna parameters (specific values cannot be
used meaningfully). The non-geo-located slave-WSD receiver antenna gain default
value of 2.15 dBi will need to be specified/mandated in the regulations. This is
necessary to mitigate against the possibility of gross under-estimation of the master
coverage area.

e The slave-WSD reference receiver sensitivity will depend on the WSD technology
and will be known by the master-WSD.





The master-WSD coverage area can be derived by the WSDB, or by the master-WSD itself.
These two possibilities are compared next.

Approach 1: Coverage is derived by the master-WSD

Here, a master-WSD uses the parameters in Table (5) in a link-budget calculation
(specified by Ofcom) to derive its nominal coverage area. The propagation model
specified by Ofcom will be, by necessity, parametric in nature (e.g., a Hata variant),
and cannot account for terrain and clutter effects. The calculated coverage area can
then be communicated to a WSDB in the form of the co-ordinates of the vertices of a
N-sided polygon. The WSDB would interpret this polygon as a collection of pixels
wherein the slave-WSD might be located.

Approach 2: Coverage is derived by the WSDB

Here, a WSDB uses the parameters in Table (5) in a link-budget calculation
(specified by Ofcom) to derive the nominal coverage area of a master-WSD. The
propagation model can be the same as that used by the WSDB itself, and can
account for terrain and clutter effects. The slave-WSD reference receiver sensitivity
level will need to be communicated from the master-WSD to the WSDB. The WSDB
would interpret the calculated coverage area as a collection of pixels wherein the
slave-WSD might be located.

Our preference is for Approach 2; i.e., where the slave-WSD coverage area is derived by the
WSDB. We believe that this gives a greater degree of control and consistency in the
calculations.

7. Conclusions

In this paper we have examined a number of WSD deployment categories, and derived
reference and non-reference geometries for each category. The geometries are intended for
use by WSDBs in evaluating the impact of interference from WSDs to fixed roof-top
reception of DTT. The geometries are summarised in Tables (3) and (4).

We have also noted that a WSDB would need to have an indication of the range of locations
wherein non-geolocated slave-WSDs might be located. This can be achieved by the

calculation of the nominal coverage area of the associated master-WSD. Our preferred
approach is that such calculation is performed by the WSDB (rather than the master-WSD).
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Annex 1
Provision of antenna information by the user/installer

We believe that the implications of the requirement for users to provide information on the
antenna characteristics of fixed WSDs are no different from those of placing restrictions on
the usage of equipment for the purpose of spectrum management.

Examples of the latter include indoor-only use in the exemption regulations for 5 GHz band A
(5150-5350 MHz), and the prohibition of fixed outdoor usage of equipment in the generic
UWB exemption regulations. If a user causes harmful interference and is found not to
comply with these requirements, they are liable to be prosecuted under the Wireless
Telegraphy Act.

Similarly, for the case of fixed WSDs, users who provide incorrect information on the WSDs’
antenna characteristics and subsequently cause harmful interference will be liable to be
prosecuted under the Wireless Telegraphy Act.

In either case, the issue is whether users can be relied upon to provide accurate information
and whether they have the expertise or information available to allow them to input this
information accurately. In the case of a fixed WSD antenna, we would expect that the
antenna would normally be installed by a professional user/installer. For this reason, we can
have a degree of certainty that the user/installer will have the necessary expertise to provide
information on the relevant antenna characteristics.

There is always a risk that the user/installer might provide (mistakenly or intentionally)
incorrect antenna characteristics. To mitigate this eventuality, and to incentivise correct
behaviour, we propose to additionally require that users/installers responsible for manually
providing information on antenna characteristics also provide their contact details. The latter
would aid enforcement activities in the event of harmful interference.
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Annex 2 (informative)
Comparison of reference geometries

Consider the indoor and outdoor WSD geometries in Figure 4 below, where the victim is a
TV receiver with a fixed roof-top aerial. In which geometry is DTT reception more susceptible
to interference?

Figure 5 shows the median coupling gains for the indoor and outdoor geometries for a WSD
antenna height of h = 10 m, and a median building penetration loss of 8 dB. The coupling
gain for a reference outdoor separation of 20 metres is around -43 dB (at 474 MHZz). Yet the
maximum indoor coupling gain is around -47 dB (at a separation of 11 m).

At large separations, the difference between the two geometries is equal to the building
penetration loss. The directionality of the TV aerial causes the coupling gain for the indoor
geometry to reduce for low separations.

These geometries are, of course, only examples. But they do indicate that a reference
geometry with an outdoor WSD antenna at a height of 10 m and at a distance of 20 m away

from a TV serial results in a greater coupling gain than most other reference geometries
where the WSD antenna is indoors.
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Figure 4. Indoor and outdoor geometries (roof-top DTT reception).
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Figure 5. Coupling gains for indoor and outdoor geometries of Figure 4 (roof-top DTT reception).
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Annex 3 (informative)
Comparison of coupling gains at different heights

Coupling gain (dB)

Figure 6. Suburban Hata median coupling gain as a function of interferer-victim horizontal
separation (at 474MHz). Directional 9.15 dBi TV aerial at a height of 10 m. WSD height, h, from 10
to 50 m in steps of 5 m. The curve for h = 10 m is in RED. As can be seen, for h = 25 m path gain is
around 8 dB greater than that at h = 10 m. Given a median building penetration loss of 8 dB, this
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means an indoor WSD at h <25 m, results in less interference than an outdoor WSD at h = 10 m.
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Figure 7. Urban Hata median coupling gain as a function of interferer-victim horizontal separation
(at 474MHz). Directional 9.15 dBi TV aerial at a height of 10 m. WSD height, h, from 10 to 50 m in
steps of 5 m. The curve for h =10 m is in RED. As can be seen, for h = 25 m path gain is around 8
dB greater than that at h = 10 m. Given a median building penetration loss of 8 dB, this means an
indoor WSD at h <25 m, results in less interference than an outdoor WSD at h = 10 m.
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Introduction

= |n this presentation we describe our proposed approach for the type of calculations
which a white space database (WSDB) needs to perform, in order to derive
location-specific maximum permitted EIRPs for white space devices (WSDs)
and for the protection of program making and special events (PMSE) services in
the UHF TV band.

= We begin with a high-level description of the WSDB calculations.

= We then describe the nature of PMSE authorisation and licensing in
the UHF TV band in the UK.

= We describe some of the modelling issues caused by the uncertainties in the locations
of the victim PMSE equipment and the WSD interferers. We propose simple
techniques to circumvent these issues.

= We then present metrics for the assessment of the impact of interference, and show
how maximum permitted WSD EIRPs can be calculated to appropriately protect
PMSE services.
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Overview

= |n an earlier presentation?!, we discussed the types of calculations which a WSDB
needs to perform, in order to derive location-specific maximum permitted WSD EIRPs
for the protection of the DTT service. In the UK, however, PMSE is also an incumbent

licensed service.
" The implication is that a WSDB needs to perform in parallel

> one set of calculations for the protection of DTT, and
> one set of calculations for the protection of PMSE.

The maximum permitted WSD in-block EIRP at any given location and frequency
is then the lower of the two EIRPs given by the two calculations.

" |n other words, the maximum permitted in-block EIRP for a WSD to communicate in a
specific DTT channel is calculated so as to simultaneously protect both DTT reception
and PMSE reception across all of the DTT channels.

= |n this document, we focus exclusively on the calculations for the protection of PMSE.

1 “Access to white spaces in the UHF band: Protection of digital terrestrial television,” presentation by Ofcom to the
Ofcom TV white space technical working group, 20 Oct. 2011. An updated version will be published shortly.
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An illustration

DTT coverage
area

DTT channels:
21,23,24,26,27,28

DTT coverage

| pixels

DTT channels:

43,45,48,49,52,53

/ v
Co-channel \ transmitter
interference WSD #1

Adjacent-channel
interference

39,40

TV
transmitter
#2

pixels

= For simplicity, we will use a spatial
resolution equal to a 100 m x 100 m pixel,
and a frequency resolution equal to a
DTT channel width (8 MHz).
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WSDB calculations: High-level

= Consider the calculation of the maximum permitted WSD in-block EIRP, P (l;,
for a WSD to communicate in DTT channel n, with the WSD in pixel location Ii,
and subject to the protection of PMSE reception in DTT channel m.

n,m),

= |n principle, the WSDB has to perform the following:
1) Identify all* K pixels where PMSE receivers make use of DTT channel m.

2) For the ki victim pixel identified in (1), calculate the maximum permitted
WSD in-block EIRP, P,(l;, n', m), required for the protection of the PMSE service
in channel m.

3) P x(li, N, m)isthen equal to the smallest value of P,(l;, n, m) calculated in (2),

Pinas (1, m) = min B (i, n, m).

L In practice, for any given value of I;, n, and m, the calculations need only be performed for the
most susceptible PMSE victim pixels.
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WSDB calculations: High-level

= Repeat steps (1)-(3) for all relevant DTT channels m=1....M.
The maximum permitted EIRP for a WSD to communicate in channel n
when in pixel with location |, is then given by

Prax (Ii» n) = min Byax (Ij,n,m).
m

Note:
= |n practice, steps (1) and (2) above need only be performed for the

most susceptible PMSE victim pixels (as opposed to all victim pixels).
This can reduce computational complexity significantly.
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PMSE services

" There are four PMSE services that are authorised in the UHF TV band:

wireless microphones,
In-ear monitors

audio links,

talkback.

YV V V VY

= Assignments to these services within the UHF TV band are known as
“‘in-band assignments”.

© Ofcom 10/40





PMSE and frequency channels

= PMSE equipment (for in-band assignments) generally have a maximum
bandwidth of 200 kHz.

= The number of channels authorised depends on the nature of the PMSE event.
This can range from a single channel in a small event, up to 40 or more
In a major production.

" The channel frequencies authorised are not based on any specific raster, and are
selected to minimise the impact of inter-modulation products and to interleave with
other PMSE users.

= PMSE assignments may occupy one or more 8 MHz DTT channels. Depending on the
tuning range of the equipment, the multiple 8 MHz DTT channels may be contiguous or
non-contiguous.
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PMSE and geographic location

= PMSE use can occur at various locations both indoor and outdoor. Use can be
> permanent or ongoing, such as in a West End theatre;

> temporary, running from a few hours for a concert, to a few days for a
sports event (e.g., Open Golf Championship) or festival (Glastonbury).

= For the purposes of licensing, only the location of the PMSE transmitter is required
and is recorded in the licensing database. This will be the location of the venue and the
PMSE user is free to deploy their equipment anywhere within the venue in order to
achieve the best system performance.

= For wireless microphones and talkback, the receiver will be typically located close to
the transmitter, i.e., within the same venue. For audio links the possibility exists that
the receive antenna can be located up to several kilometres from the transmitter.

= Consideration is being given to the recording of the receive antenna location and
height in the PMSE licensing database. This will be discussed post-Olympics.
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Uncertainty in the location of the victim

= The coupling gain between a WSD and a PMSE receiver is a function of
their antenna locations, antenna gains, and antenna angular discriminations.

= Even if the location of the WSD is known? precisely by a WSDB, the precise
locations of the PMSE receivers are typically not known. All that is known is that a
specific number of PMSE receivers are located somewhere within? a venue.

" Venues can straddle more than one 100 m x 100 m pixel.
Some venues can cover large areas;
e.g., ExCel is approximately 400 m x 200 m,
and St. Andrews golf course is 3 km x 2km.

1 We will address uncertainties in WSD locations in a later section.
2 And perhaps outside a venue (where such information is either explicitly available in the PMSE licensee
database or can be inferred).
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N Ot =T

Implications

= Given the uncertainty in the locations of the PMSE receivers within a venue, and taking a
cautious approach, we propose that all pixels which include any portion of a venue must
be examined in calculating the maximum permitted WSD EIRPs.

Examined /

pixels

Golf course /

" The above uncertainty, combined with the uncertainty in the location of the WSDs,
means that the interferer-victim coupling gains cannot be calculated based on actual
interferer-victim separations, but need to be calculated based on specific heuristic rules.

= Examples of these rules are described next.
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Example 1. Same-pixel
Reference geometry

= Here, the most susceptible pixel is the same as the pixel within which
the WSD is located.

= Given that the actual locations of the PMSE receivers within the most susceptible
pixel are not known, and taking a cautious approach, we calculate the WSD-TV
coupling gain based on a reference geometry. See an example of a reference
geometry below.

= In short, we assume that irrespective of the actual location of the WSD, a victim
PMSE always exists at a fixed reference distance from the WSD. We do not account
for PMSE antenna angular or polarisation discrimination. We assume a PMSE antenna
gain of 2.15 dBi.

Reference
- separatlon .
| WSD P > m
v _— IB _
i Free space i
// .\\ h h
Most “Hypothetical” -
susceptible victim WSD PM_SE
pixel TV aerial receiver
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Example 2: 1St tier
Reference geometry

= Here, the most susceptible pixel is among the 15t tier of pixels surrounding the
pixel within which the WSD is located.

= Given that the actual locations of the PMSE receivers within the most susceptible
pixel are not known, we again calculate the WSD-PMSE coupling gain based on
the same reference geometries as the previous case.

= This is an over-cautious approach, because it

> typically under-estimates the interferer-victim separation, WSD's

. . _y . ixel
> ignores antenna angular discrimination. P

= However, we believe that this is a pragmatic approach,
and will over-estimate the WSD-PMSE coupling gain
only in a relatively small proportion of pixels.

" The result can be interpreted as the occasional /
introduction of a 1-pixel wide “soft buffer zone” Most
between WSDs and potential PMSE victims. susceptible

pixel
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Example 3: mt tier scenario (m > 1)
Non-reference geometry

= Here, the most susceptible pixel is among the mt tier (m > 1) of pixels surrounding the
pixel within which the WSD is located (see figure below for m = 2).

= To circumvent the uncertainty in the victim’s location, for simplicity we assume that the
victim PMSE aerials are located at the centre of the most susceptible pixel.

= |f the most susceptible pixel is well-populated by PMSE equipment,
then it is highly likely that the above approach will over-estimate
the interferer-victim separation, and hence under-estimate

. . WSD’s
the coupling gain. ixel
/
= To compensate, we increase the calculated /
coupling gain by a cautious nominal margin (factor) /
of
L= GP (100(m-1)) Assumed T : = I/
GP (100(m _1) + 50) victim PMSE — it -
100
. Most
where G (d) is the median propagation gain susceptible
as a function of separation d in metres. pixel =)
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Location uncertainty: Master

" |n the previous section we examined simple ways to circumvent issues caused by
the uncertainty in the location of the PMSE receivers.

= Here, we address simple ways to circumvent issues caused by
the uncertainty in the location of the master-WSD.

Zero uncertainty

" |[n some cases, the location uncertainty reported by the master-WSD is nominally zero.
This might be the case, for example, where the master-WSD is a fixed installation.

" In these cases, the master-WSD would be associated with the pixel within whose
boundaries the WSD is located.

" Given that the location of the master-WSD is known, the WSDB can calculate the

relevant WSD-PMSE coupling gains?, and so derive the corresponding maximum
permitted WSD EIRP.

1 See previous section on how to deal with the victim locations.
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Location uncertainty: Master

Non-zero uncertainty

" |n some cases, the location uncertainty reported by the master-WSD is non-zero.
This might be the case, for example, where the master-WSD is portable/mobilel.

= To account for the uncertainty in location, the WSDB will associate the master-WSD
with a number of pixels (as opposed to a single pixel).

= The area covered by these pixels will be a superset of the area within which the
master-WSD might be located (as identified by the reported location uncertainty).

= Specifically, if the location uncertainty extends over a maximum of m tiers of
surrounding pixels, then the master-WSD will be associated with (and assumed
to be at the centres of) m+1 tiers of pixels.

® See illustrations in the next slide.

1 Here the location of the master-WSD is not fixed, and the master-WSD
estimates its location via technologies such as GPS.
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(locations u,)

= Assume that the WSDB associates the master-WSD with N pixels (nominal locations u,).

= The WSDB then computes the maximum permitted WSD EIRP, P(u,)), assuming that

the master-WSD is located at the centre of the n'" associated pixel. The maximum
permitted in-block EIRP is then given as

Pmax =min P(up,).
n
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Location uncertainty: Slave

= The location of a slave-WSD can be significantly different from the location
of its associated master-WSD(s).

= |t is then very likely that the maximum permitted EIRP for a slave-WSD is also
different from the maximum permitted EIRP for its master-WSD.

" |[n any case, the WSDB needs some indication of the range of pixels wherein a
slave-WSD might be located; i.e., location and location uncertainty.

" The WSDB can then compute the maximum permitted slave-WSD EIRP in the
same manner as it does for the master-WSD (see previous section).

" Question: How can the WSDB be informed about the
location and location uncertainty of a slave-WSD? 5
ave
= A number of possibilities are described next. X

e
Master
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Scenario 1: Slave is geolocated

" The master-WSD reports to the WSDB the location and location uncertainty of an
associated slave-WSD. The implicit assumption here is that the slave-WSD can
be geo-located.

= The WSDB then calculates the maximum permitted EIRP of the the slave-WSDs in
precisely the same way as it does for a master-WSD. See previous section.

i "7 Location

-« >0 uncertainty
WSDB Master of slave
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Scenario 2a: Slave is not geolocated

Master-WSD reports coverage area

= The master-WSD calculates its own coverage area;
I.e., the area within which the master-WSD can communicate with a slave-WSD.

= The master-WSD then reports the coverage area to the WSDB.,

" The algorithm for the calculation of the coverage area will be specified by Ofcom.
This is effectively a lir’s budget calculation.

\

/ Slave N

/ \

) ’ \
[ ( / Master's X 3
N coverage | 1
( I \
/P area . Master \

. ) A \\\ .
. , .
¢ (\ 3

\
\
1
1
3 1
1
\
1
\
Y i 1
) 1
1
\ 1
- ' 1
\ I

The coverage area of master-WSD',

is effectively the location N .- ——-
uncertainty of the slave-WSD.
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Scenario 2b: Slave is not geolocated

WSDB calculates coverage area

= The WSDB calculates the coverage area of a master-WSD;
I.e., the area within which the master-WSD can communicate with a slave-WSD.

= The master-WSD reports a nominal value for slave-WSD
minimum sensitivity to the WSDB.

" The WSDB uses this to calculate the coverage area

of the master-WSD based on an algorithm specified by Ofcom
This is effectively a link-budget calculation.

Slave A

/ \

7 \

Master's X 3

coverage | 3

] \

area . Master \
AN

1
\
\
\
\ \
1
\
1
! 1
) |
\
\ |
\ I
\ 1

The coverage area of master-WSD',

is effectively the location ~  ~----- - it
uncertainty of the slave-WSD.
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Parameters?! calculation of master coverage

Table 5. Calculation of master-WSD coverage
for dealing with slave-WSDs that are not geo-located.

Parameters required for calculation of master-WSD coverage
master-WSD EIRP : known
master-WSD (x,y) location : known
master-WSD (x,y) location uncertainty : known
master-WSD height : known or set to pixel hyer
master-WSD outdoor/indoor : known or outdoor
master-WSD directionality : known or omni

slave-WSD antenna height : 10 m

slave-WSD indoor/outdoor : outdoor
slave-WSD receive antenna gain : 2.15 dBi
slave-WSD antenna directionality : omni
slave-WSD ref. receiver sensitivity : known or default

master-slave propagation model : specified by Ofcom

= Since, the locations of the slave-WSDs are not known, we assume default values for the slave-WSD
antenna parameters (specific values cannot be used meaningfully). The non-geo-located slave-WSD
receiver antenna gain default value of 2.15 dBi will need to be specified/mandated in the requlations.
This is necessary to mitigate against the possibility of gross under-estimation of the master coverage
area.

1 R.Karimi, S.Y.Tan, “Interferer-victim geometries for use by white space databases in the context of DTT protection,”
Ofcom discussion document, TVWS TWG meetings #5 and #6,16 December 2011.
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In the absence of WSDs

= Assume that a PMSE receiver operates 10log() dB above its reference (noise-limited)

sensitivity level, Pg i, - Then we may write (always in the linear domain)

Ps=y IDS,min

where Pg is the wanted signal power at the PMSE receiver.

" The value of the parameter y describes the wanted signal conditions typically
experienced by PMSE receivers in real-life scenarios.
This value will need to be defined.
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What happens when a WSD radiates?

= Now consider that a WSD radiates with an in-block EIRP of P,g . The WSD in-block

power received at the PMSE receiver is then given by the product G P,g, where G
Is the interferer-victim coupling gain.

" |n such circumstances, the operation of the PMSE receiver will not be affected if

Af
PS > I’(Af \ Ps) G PlB ) WSD
¥ Psmin 21(Af,R5) G Ppg L PMSE[] CPe
c—
Ps mi ACLRI
P < 7 FS,min | o ACS
r(Af , Ps) G ¢
where - \’
r() is the WSD-to-PMSE protection ratio (i.e., ratio of wanted power to interferer

power measured at the receiver and at the point of failure), and

Af Is the frequency separation between the WSD and PMSE signals.
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Coupling gain

= Coupling gain is given as

where

Jawsp() = WSD antenna angular discrimination along bearing «,
Gp = propagation gain,

Gapmse = PMSE antenna gain,

Japmse( ) = PMSE antenna angular discrimination along bearing f,
Opolar() = PMSE antenna polarisation discrimination in direction B.

= The parameter values will be based on the reference and non-reference
geometries outlined in earlier sections and described in the annex.
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Conclusions

= We have presented our proposed approach for the type of calculations
which a white space database needs to perform in the context of protecting PMSE
services in the UHF TV band.

= We have shown how uncertainties in PMSE receiver location can be circumvented
in the modelling via reference geometries or by assuming that the PMSE receiver is
located at a pixel centre (and increasing the coupling gains by a margin) for so-called
non-reference geometries.

= We have shown how uncertainties in WSD location can be circumvented in the
modelling by repeating the calculations with the assumption that the WSD is located
at the centres of a number of surrounding pixels, and then selecting the resulting lowest
maximum permitted EIRP. We have illustrated this for both master and slave WSDs.

= We have described how the maximum permitted WSD EIRPs can be calculated so as
to appropriately protect PMSE services based on measured protection ratios.

= We have initiated a program for the bench-measurement of
WSD-PMSE protection ratios.
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Reference geometries?

Category Portable/mobile WSDs
Reference geometry
Interferer-victim separation : [5] m
WSD height : reported hyygp Or 10 m
Geo-located WSD indoor/outdoor : same as PMSE

master WSD ant. angular discrimination : 0 dB
or PMSE ant. height : 10 m

slave PMSE indoor/outdoor : reported

PMSE ant. gain : 2.15 dBi
PMSE ant. angular discrimination : 0 dB
PMSE ant. polar discrimination : 0 dB

Reference geometry
Interferer-victim separation : [5] m
WSD height : 10 m
Non WSD indoor/outdoor : same as PMSE

geo-located WSD ant. angular discrimination : 0 dB
slave PMSE ant. height : 10 m

PMSE indoor/outdoor : reported

PMSE ant. gain : 2.15 dBi
PMSE ant. angular discrimination : 0 dB
PMSE ant. polar discrimination : 0 dB

1 R.Karimi, S.Y.Tan, “Interferer-victim geometries for use by white space databases in the context of DTT protection,”

Ofcom discussion document, TVWS TWG meetings #5 and #6,16 December 2011.
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Reference geometries?

Category Fixed WSDs
Reference geometry
Interferer-victim separation : [5] m
WSD height : reported hyysp or 10 m
Geo-located WSD indoor/outdoor : reported or same as PMSE
master WSD ant. angular discrimination : reported or 0 dB
or PMSE ant. height : 10 m
slave PMSE indoor/outdoor : reported
PMSE ant. gain : 9.15 dBi
PMSE ant. angular discrimination : based on reported hy,sy or 0 dB
PMSE ant. polar discrimination : reported or O dB
Reference geometry
Interferer-victim separation : [5] m
WSD height : 10 m
Non WSD indoor/outdoor : same as PMSE
geo-located WSD ant. angular discrimination : 0 dB
slave PMSE ant. height : 10 m
PMSE indoor/outdoor : reported
PMSE ant. gain : 9.15 dBi
PMSE ant. angular discrimination : 0 dB
PMSE ant. polar discrimination : 0 dB
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Non-reference geometries?

Category Portable/mobile WSDs
Non-reference geometry
Interferer-victim separation(s) : pixel separation(s)
WSD height : reported hyygp or max(hqyiter »10 M)
Geo-located WSD indoor/outdoor : outdoor
master WSD ant. angular discrimination : 0 dB
or PMSE ant. height : 10 m (or reported when available)

slave PMSE indoor/outdoor : reported

PMSE ant. gain : 2.15 dBi
PMSE ant. angular discrimination : 0 dB
PMSE ant. polar discrimination : 0 dB

Non-reference geometry
Interferer-victim separation(s) : pixel separation(s)
WSD height : max(hger »10 M)

Non WSD indoor/outdoor : outdoor

geo-located WSD ant. angular discrimination : 0 dB
slave PMSE ant. height : 10 m (or reported when available)

PMSE indoor/outdoor : reported

PMSE ant. gain : 2.15 dBi
PMSE ant. angular discrimination : 0 dB
PMSE ant. polar discrimination : 0 dB
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Non-reference geometries?

Category Fixed WSDs
Non-reference geometry
Interferer-victim separation(s) : pixel separation(s)
WSD height : reported hyygp or max(hqyiter »10 M)
Geo-located WSD indoor/outdoor : reported or outdoor
master WSD ant. angular discrimination : reported or 0 dB
or PMSE ant. height : 10 m (or reported when available)

slave PMSE indoor/outdoor : reported

PMSE ant. gain : 2.15 dBi
PMSE ant. angular discrimination : 0 dB
PMSE ant. polar discrimination : 0 dB

Non-reference geometry
Interferer-victim separation(s) : pixel separation(s)
WSD height : max(hger »10 M)

Non WSD indoor/outdoor : outdoor

geo-located WSD ant. angular discrimination : 0 dB
slave PMSE ant. height : 10 m (or reported when available)

PMSE indoor/outdoor : reported

PMSE ant. gain : 2.15 dBi
PMSE ant. angular discrimination : 0 dB
PMSE ant. polar discrimination : 0 dB
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Introduction

= |n this presentation we describe our proposed approach for the type of calculations
which a white space database (WSDB) needs to perform, in order to derive
location-specific maximum permitted EIRPs for white space devices (WSDs).

= We begin with a high-level description of the WSDB calculations.

= We then describe some of the problems caused by the uncertainties in the locations
of the victim households (HHs) and the WSDs interferers. We propose simple
techniques to circumvent these problems.

= We then present “location probability” as a suitable metric for the assessment of
the impact of interference, and show how maximum permitted WSD EIRPs can
be calculated to satisfy a target degradation in location probability.

= Finally, we briefly discuss two miscellaneous (but important) items, namely the
Issues of aggregate interference, and that of indoor WSDs.

= The material presented should help identify any new parameters that
might need to be communicated between a master-WSD and a WSDB.
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Overview

= In the FCC’s approach, WSDs are allowed to radiate at up to a fixed maximum power,
so long as they are located outside specific geographic exclusion zones. The exclusion
zones correspond to areas where the received DTT field strength exceeds a
FCC-defined value as quantified via FCC-defined propagation models.

= In the approach proposed by Ofcom, there are no explicit exclusion zones.
Here, it is the in-block EIRP of the WSDs (rather than their geographic location) that is
explicitly restricted. The applicable limits on in-block EIRP are calculated by a WSDB.

= The approach permits WSDs to communicate at greater EIRPs in areas where
DTT field strength is greater; i.e., where DTT is more robust to interference.

" The maximum permitted in-block EIRP for a WSD to communicate in a
specific channel is calculated so as to simultaneously protect DTT reception?
in all of channels 21...30,39...60.

1 We note that licensed services other than DTT will also require protection.
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WSDB calculations: High-level

= Consider the calculation of the maximum permitted in-block EIRP, P, ,(i,m),
for a WSD to communicate in DTT channel n, with the WSD located in pixel i,
and subject to the protection of DTT reception in channel m.

= |n principle, the WSDB has to perform the following:

1) Identify all populated victim pixels that are within the coverage areas of DTT
transmitters serving in channel m (i.e., where HHs currently receive DTT
service in channel m).

2) For the ki victim pixel identified in (1), calculate the maximum permitted
WSD in-block EIRP, P, required for the protection of the DTT service
in channel m.

3) Prmaxn(l,m) is then equal to the smallest value of P, calculated in (2); i.e.,

Pmax,n(i,m)zmkin B .
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WSDB calculations: High-level

= Repeat steps (1)-(3) for all relevant DTT channels m =1....M.
The maximum permitted EIRP for a WSD to communicate in channel n
when located in pixel i is then given by

Pmax.n (1) = mrri]n Prmax n (Lm).
Note:

= Strictly speaking, steps (1) and (2) above need only be performed for the
most susceptible victim pixel (as opposed to all populated victim pixels).
This can reduce computational complexity significantly.
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Uncertainty in the location of the victim

= The coupling gain between a WSD and a DTT receiver is a function of
their antenna locations, antenna gains, and antenna angular discriminations.

= Even if the location of the WSD is known? precisely by a WSDB, the precise
locations of the DTT receivers are typically not known.

= All that is known is that a specific number of HHs are located somewhere
within a 100 m x 100 m pixel.

" The above uncertainty means that in some circumstances the coupling gains cannot
be calculated based on actual interferer-victim separations, but need to be calculated
based on specific heuristic rules.

= Examples of these rules are described next.

1 We will address uncertainties in WSD locations in a later section.
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Example 1. Same-pixel

= Here, the most susceptible pixel is the same as the pixel within which
the WSD is located.

= Given that the actual locations of the TV aerials within the most susceptible
pixel are not known, we calculate the WSD-TV coupling gain based on a
reference geometry. See an example of a reference geometry below.

= In short, we assume that irrespective of the actual location of the WSD, a victim
TV aerial always exists at a fixed reference distance from the WSD, and pointing in
azimuth towards the interfering WSD.

WSD - Reference
\ distance
\ V-polar 20m
-16 dB
X P +9.15 dBi
[ )
\ hWSD H'pOIar
( \ 10m
Most “Hypc_)th_etical” TV |
susceptible VICtIm e Fixed rooftop DTT
pixel TV aerial o\l;&%%or reception
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Example 2: 1St tier

= Here, the most susceptible pixel is among the 15t tier of pixels surrounding the
pixel within which the WSD is located.

= Given that the actual locations of the TV aerials within the most susceptible
pixel are not known, we again calculate the WSD-TV coupling gain based on
the same reference geometries as the previous case.

= This is an over-cautious approach, because it

> typically under-estimates the interferer-victim separation, WSD's

. . .. . ixel
> ignores antenna angular discrimination. P

= However, we believe that this is a pragmatic approach,
and will over-estimate the WSD-TV coupling gain only
in a relatively small proportion of pixels.

" The result can be interpreted as the occasional /
introduction of a 1-pixel wide “soft buffer zone” Most
between WSDs and potential victim TV aerials. susceptible

pixel
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Example 3: mt tier scenario (m > 1)

= Here, the most susceptible pixel is among the mt™ tier (m > 1) of pixels surrounding the
pixel within which the WSD is located (see figure below for m = 2).

= To circumvent the uncertainty in the victim’s location, for simplicity we assume that the
victim TV aerials are located at the centre of the most susceptible pixel.

= |f the most susceptible pixel is well-populated by HHSs,
then it is highly likely that the above approach will over-estimate
the interferer-victim separation, and hence under-estimate

. . WSD’s
the coupling gain. ixel
/

= To compensate, we increase the calculated /

coupling gain by a cautious nominal margin (factor) /

of

9prop (100(m-1)) Assumed __| I/
1= victim TV I
Most
where g,,,(d) represents median propagation gain susceptible
as a function of separation d in metres. pixel =)
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Location uncertainty: Master

" |n the previous section we examined simple ways to circumvent issues caused by
the uncertainty in the location of the victim TV receivers.

= Here, we address simple ways to circumvent issues caused by
the uncertainty in the location of the master-WSD.

Zero uncertainty

" |[n some cases, the location uncertainty reported by the master-WSD is nominally zero.
This might be the case, for example, where the master-WSD is a fixed installation.

" In these cases, the master-WSD would be associated with the pixel within whose
boundaries the WSD is located.

" Given that the location of the master-WSD is known, the WSDB can calculate the

relevant WSD-TV coupling gains?, and so derive the corresponding maximum
permitted WSD EIRP.

1 See previous section on how to deal with the victim locations.
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Location uncertainty: Master

Non-zero uncertainty

" |n some cases, the location uncertainty reported by the master-WSD is non-zero.
This might be the case, for example, where the master-WSD is portable/mobilel.

= To account for the uncertainty in location, the WSDB will associate the master-WSD
with a number of pixels (as opposed to a single pixel).

= The area covered by these pixels will be a superset of the area within which the
master-WSD might be located (as identified by the reported location uncertainty).

= Specifically, if the location uncertainty extends over a maximum of m tiers of
surrounding pixels, then the master-WSD will be associated with (and assumed
to be at the centres of) m+1 tiers of pixels.

® See illustrations in the next slide.

1 Here the location of the master-WSD is not fixed. Therefore, the master-WSD has
to estimate its location via technologies such as GPS.
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RN RN \I\ 1
\ Associated
\ pixels /
Location ) Location
Associated

uncertainty
of master-WSD

uncertainty

pixels of master-WSD

= Assume that the WSDB associates the master-WSD with N pixels.

= The WSDB then computes the maximum permitted WSD EIRP, P, assuming that

the master-WSD is located at the centre of the n'" associated pixel. The maximum
permitted in-block EIRP is then given as

Pmax =Min By .
n

© Ofcom 17/34





Outline

= |[ntroduction

" The approach proposed by Ofcom

= Uncertainty in the location of the victim

= Uncertainty in the location of master-WSD
= Uncertainty in the location of slave-WSD

= DTT location probability

= Miscellaneous

= Conclusions

© Ofcom 18/34





Location uncertainty: Slave

" The location of a slave-WSD can be significantly different from the location
of its associated master-WSD(s).

= |tis then very likely that the maximum permitted EIRP for a slave-WSD is also
different from the maximum permitted EIRP for its master-WSD.

" |[n any case, the WSDB needs some indication of the range of pixels wherein a
slave-WSD might be located; i.e., location and location uncertainty.

" The WSDB can then compute the maximum permitted slave-WSD EIRP in the
same manner as it does for the master-WSD (see previous section).

" Question: How can the WSDB be informed about the
location and location uncertainty of a slave-WSD? Good DTT
signal

Slave

= A number of possibilities are described next. strength
(] Poor DTT
Master signal
strength
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Scenario 1: Slave is geolocated

" The master-WSD reports to the WSDB the location and location uncertainty of an
associated slave-WSD. The implicit assumption here is that the slave-WSD can
be geolocated.

= The WSDB then calculates the maximum permitted EIRP of the the slave-WSDs in
precisely the same way as it does for a master-WSD. See previous section.

i "~ Location

< uncertaint
WSDB Ma:ter ’
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Scenario 2a: Slave is not geolocated

Master-WSD reports coverage area

= The master-WSD calculates its own coverage area;
I.e., the area within which the master-WSD can communicate with a slave-WSD.

= The master-WSD then reports the coverage area to the WSDB.,

= The algorithm for the calculation of the coverage area will need to be specified.
This is effectively a link-budget calculation based on

> the actual®’ master-WSD EIRP,
» antenna characteristics,
> propagation model (parametric), Slave
> slave-WSD minimum receiver sensitivity. X
| Master ".
. @ ;
‘\\ Coverage ,',
' areais effectively )
‘. the location y
'\ uncertainty Rl

I

1 This will naturally be less than the maximum permitted master-WSD EIRP.
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Scenario 2b: Slave is not geolocated

WSDB calculates coverage area

= The WSDB calculates the coverage area of a master-WSD;
I.e., the area within which the master-WSD can communicate with a slave-WSD.

= The master-WSD reports a nominal value for slave-WSD
minimum sensitivity to the WSDB.

" The WSDB uses this to calculate the coverage area of the master-WSD.
This is effectively a link-budget calculation based on

- =~

> the actual master-WSD EIRP,
> antenna characteristics, Slave .,
> propagation model (may include geography and clutter), X
> slave-WSD minimum receiver sensitivity. 1
| Master ".
. e ;
‘\\ Coverage ,',
' areais effectively )
‘. the location y
'\ uncertainty Rl

I
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How is the DTT network planned in the UK?

: 100
= For each 100m x 100m pixel broadcasters — m__
calculate a DTT location probability, g. | ||
100 m
}
DTT receiver o
sensitivity
\ DTT location
probability
g

K
ql — Pr PS Z PS,min + ZrkPk — Pr{PS ZU}

N

Wanted DTT DTT-to-DTT Unwanted DTT
power protection ratios power
(log-normal) co-channel or (log-normal)

adjacent-channel
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Discussion

" The location probability, g , is defined as the probability with which wanted and
unwanted DTT signal powers meet the relevant criterion for the correct operation
of a DTT receiver.

= We have found location probability to be a useful tool for assessing the impact of
interference. This is because it directly relates to the number of HHs served.

" In the UK, a pixel is considered served by DTT if the location probability for that pixel

exceeds 70%. In other words, the location probability is 70% at the edge of DTT
coverage.
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What happens when a WSD radiates?

WSD in-block

= DTT location probability reduces: (carrier) power

q'=q-Aq

q = Pr{PS >U +[I‘(Af) G PIB]}

WSD-to-TV |

protection ratio
Af WSD-to-TV
-~ coupling gain
WSD P (log-normal)
DTT I8
ACLR .
<— Distance ——
ACS -3dB
P "] H-polar  +9.15 dBi
00B S
i 1B 10m
r(Af) depends on 1.5m (TV)
a) interferer’s adjacent-channel leakage ratio, 7
b) victim’s adjacent-channel selectivity, Mobile WSD rooftop DTT
c) time-frequency structure of interferer. reception
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Rewrite to derive in-block power limit

= For a permitted reduction in location probability, AQ

the WSD in-block power P,g should be such that:

National DTT
planning

‘ model

P; —U
'=—-Aq=PrKPp<—=2— }=PriPr <W
g =09—AQg {||3 r(Af)G} {IB }

WSD-to-TV ‘
protection ratio

"= |tis possible to use Monte Carlo analysis
to derive the statistical distribution of the term W.
The maximum permitted in-block EIRP, Pg, is
then the value which W exceeds with probability

q'=0-Ag.

© Ofcom

WSD-to-TV
coupling gain
(log-normal)

Cumulative
distribution
of W






Adjacent-channel protection ratios

= Protection ratio is defined as the ratio of received wanted power, C, to received
interferer power, |, at the point of receiver failure. For a specific interferer-victim
carrier separation, Af , the protection ratios may appear as shown below.

= Note that the protection ratios are
a function of the wanted signal power.

" This means that protection ratios can
be used to implicitly model non-linear
receiver behaviours.

Protection ratio:

rae) = Ciagm) — l(dBm)

AN

Wanted power, C (dBm)

1:1

Interferer power, | (dBm)
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What is a tolerable Aq ?

= The permitted degradation, Ag, in location probability is a key parameter.
It defines the extent to which DTT is protected. The adopted value of Ag is an issue
of policy for the national administration.

lllustrative example

= The average number of HHs served in a pixel is equal to JM where ( is the location

probability, and M is the number of HHs in the pixel. Let us define the number of HHs
served in a pixel as the integer

round(qM).

Based on this definition, in order to avoid loss of DTT service is a pixel, we require
that the reduced location probability, g’, is such that

round(gM) —round(g'M) < 1
= q'M > round(g'M) —%
= Q' > (round(g'M) —%) M 1,

= We acknowledge that this may be over-protective when the coupling gain (interference)
Is calculated based on a reference (i.e., worst-case) geometry.
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How to deal with aggregate interference

= So far we have only examined scenarios involving the calculation of maximum
permitted EIRP for a single WSD.

= |n practice, emissions from multiple WSDs result in aggregation of interference.

= In principle, a WSDB could explicitly model the aggregation of interference. In practice,
this is computationally prohibitive, since the database would need to be updated in real
time to account for frequent changes in the numbers of active WSDs.

= A more feasible approach might be to simply reduce the calculated maximum
permitted WSD EIRPs by an aggregation margin.

= Appropriate values of margin can be derived by performing Monte Carlo simulations to
quantify the statistical distribution of aggregate interference as a function of the spatial
densities of active WSDs.

" The applied values of aggregation margin can be adapted in time to account for
varying deployment densities in different geographical areas.
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Indoor WSDs

= Reference geometries for outdoor WSDs are relatively straight forward.
The WSD is either

> afixed installation, in which case its height is known and unchanging, or
> portable/mobile, in which case its height is a nominal 1.5 m.

= But how about indoor WSDs? These might be located in high-rise buildings
and in close proximity to set-top DTT aerials. Should such devices report
themselves as indoor devices to the database? Should such devices report
their heights?
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Conclusions

= We have presented our proposed approach for the type of calculations
which a white space database needs to perform.

= We have shown how uncertainties in victim TV aerial location can be circumvented
in the modelling via reference geometries or by assuming that the TV aerial is located
at a pixel centre (and increasing the coupling gains by a margin).

= We have shown how uncertainties in WSD location can be circumvented in the
modelling by repeating the calculations with the assumption that the WSD is located
at the centres of a number of surrounding pixels, and then selecting the most stringent
maximum permitted EIRP. We have illustrated this for both master and slave WSDs.

= We have described how the maximum permitted WSD EIRPs can be calculated so as
to satisfy a target degradation in DTT location probability.

= We have briefly discussed the issues of aggregate interference, and indoor WSDs.
Further work on these is required.
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Abstract — In this paper we present our provisional conclusions with regards to the
requirement for the availability of feedback paths from white space devices to white space
databases.

1. Background

In meeting #2 of the TV white space technical working group, and in response to a
presentation by Ofcom in the previous meeting, BT tabled the following idea [1]:

“BT proposes to add a feedback path in the process of the TV white space device
communication with the third party database such that in the final step the device
confirms which of the offered frequencies (and maybe power) is actually used.”

BT noted that:

“This step is useful as it will enable database providers to optionally add value by making
more intelligent assignments (e.g. avoiding assigning the same frequency to two users in
overlapping coverage areas, where possible). With the above feedback loop, this would
enable the database providers to optionally add further value by cooperating with each
other for this purpose on a bilateral, multilateral or central basis. This feedback feature is
less important initially, but over time would be relevant; it might not be needed in the case
of the very lowest power uses. This is an important issue on which further consideration is
needed in UK.”

We have considered this idea, and our preliminary assessment is presented in this brief
document.

In section (2) we clarify our understanding of what a feedback path might involve. In Section
(3) we describe why we think feedback from white space devices (WSDs) to white space
databases (WSDBs) might be helpful in dealing with interference aggregation. Our
provisional conclusions are presented in Section (4).





2. Feedback from WSDs to WSDBs

The proposed sequence of information exchange between a master-WSD and a WSDB is
described in this section. This is with the aim of clarifying the type of information that might
be fed back to the WSDB (steps 4 and 5) from the WSD.

1) A master-WSD queries a WSDB, and provides the WSDB with its geo-location, and
optionally, a number of other parameters [2][3]. A master-WSD may also provide the
WSDB with geo-location information on the slave-WSDs" which it serves.

2) The WSDB subsequently returns a list of (up to) forty triples (n, P1.maxn, P2,maxn),
where n = 21...60 is the DTT channel number, P1 max n iS the maximum permitted
master-WSD EIRP in channel n, and P2 maxn iSs the maximum permitted slave-WSD EIRP
in channel n.

3) The master-WSD examines the received list, and decides which channels it and its
slaves wish to use in their communications over the UHF TV band.

4) Before commencing radiation, a master-WSD would need to inform the WSDB about the
DTT channels that it (and its slaves) will actually use, and the powers that it (and its
slaves) will actually radiate in those channels.

For example, a master-WSD which serves 3 slaves, might inform the WSDB that it
actually uses {(24, P1,24), (26, P1.26), (55, P1 55)}, while its three slaves use
{(24, P2’24),(26, P2’24)}, {(26, P'2124)}, and {(55, P2755)}, respectively.

It may well be necessary to include some form of channel occupancy metric® along with
the used EIRP value in the feedback from the WSD. The details of this metric are for
further study.

5) The master-WSD can only commence radiating over the UHF TV band, once it has
received an acknowledgement from the WSDB that the information fed back in step-4
has been received successfully by the WSDB.

3. Why feedback from WSDs might be useful

The availability of feedback paths from WSDs to the WSDBs is a helpful tool in dealing with
interference aggregation in the context of co-existence between WSDs and licensed
services”.

For pragmatic reasons, the core WSDB algorithms for calculating maximum permitted EIRPs
will be initially specified based on the assumption of a single radiating WSD per pixel.
However, a WSDB must somehow account for the possible presence of multiple WSDs in
any geographic area. The simplest approach is for the WSDB to reduce the calculated
maximum permitted WSD EIRPs by an aggregation margin.

! See [2] for proposals on how the location uncertainty of a non-geolocated slave-wSD can be
established through an estimation of the coverage area of it serving master-WSD.

% This might for example include a measure of the fraction of bandwidth and/or time for which a DTT
channel is utilised.

% We note that feedback paths may also be helpful in facilitating co-existence among WSDs.





In principle, this aggregation margin may be fixed, occasionally adjusted, or dynamically
adjusted. However, if appropriate information regarding the actual radio resources used by
the WSDs is not available to the WSDB, then fixed, excessive, and over-cautious
aggregation margins will need to be mandated to ensure that licensed services are not
adversely affected.

On the other hand, the availability of feedback paths would, in principle, allow the
aggregation margin to be set in a flexible way and adapted in accordance with the actual
activities of WSDs.

Furthermore, it is highly likely that WSDs will converge on to DTT channels where the
maximum permitted EIRP is greatest. This could result in a non-uniform distribution of
interference aggregation across DTT channels. The availability of feedback paths would
allow the WSDB to apply greater aggregation margins in over-crowded channels and
thereby direct WSDs towards less crowded channels (treating all devices in a fair and non-
discriminatory manner).

Feedback paths would also be essential if, at some point in the future, it becomes necessary
for WSDBs to share information among each other in the context of interference
aggregation.

4. Conclusions

We have briefly explained why feedback paths from WSDs to WSDBs might be helpful tools
in dealing with the issue of interference aggregation.

There is some uncertainty about the future proliferation of WSDs in the UHF TV band.
Having said that, we do not envisage that aggregation of interference from WSDs is likely to
be a major issue in the short term. Consequently, we do not believe that feedback from
WSDs will be of immediate use in this context.

For this reason, we believe it not necessary in the short term to mandate WSDBs to
incorporate into their calculations any information that might be fed back from the WSDs.

However, there is the risk that at some point in the future WSDs will proliferate, and absent
the availability of feedback paths from WSDs to WSDBs, we will not have access to
appropriate information to effectively deal with the resulting aggregate interference.

To mitigate this scenario, we believe it is prudent to require that all master-WSDs provide
information (via feedback paths) on the DTT channels that they (and their slaves) actually
use, and the powers that they (and their slaves) actually radiate in those channels.

Additional channel occupancy metrics (in time and frequency) may also be required to be
communicated via the feedback path, in order for the overall interference environment to be
characterised effectively.

We believe that the provision of feedback is not a major burden on master-WSDs, and only
slightly increases the amount of information exchanged between them and WSDBs. We
believe that the potential future benefits outweigh any costs involved in the implementation
of feedback capabilities in WSDs.
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Abstract — In the previous version of this paper we presented a framework for dealing
with the required protection ratios of white space devices in the UHF TV band. This
involved the inclusion of protection ratio limits and protection ratio conformance tests in
European harmonized standards. Stakeholders have indicated that such inclusion might
be problematic for both regulatory and technical reasons. Consequently, we have revised
the proposed framework, such that it involves only the inclusion of white space device
out-of-block emission limits in the European harmonized standards. Appropriate default
and technology-specific protection ratios values would then be defined by Ofcom and
made available to white space database providers.

1. Background

In the first version of this document (submitted to meeting #6 of the TV white space technical
working group) we presented a framework for the conformance of white space devices with
respect to DTT protection ratio requirements.

We emphasised the importance of protection ratios in the calculations performed by white
space databases (WSDBs). We noted that harmful interference from white space devices
(WSDs) to digital terrestrial TV (DTT) receivers is a function of both the spectral leakage of
the interferer and the frequency selectivity of the receiver; and that both of these
characteristics, as well as receiver overload, can be captured via protection ratios [2].

We also explained that past measurements [3] of LTE-to-DTT protection ratios indicate that
the time-frequency structure of the interferer signal can have a substantial impact on the
effective adjacent-channel selectivity (ACS) of DTT receivers'. In other words, two interferer
signals with identical adjacent-channel leakage ratios (ACLRS), but different time-frequency
structures, can exhibit substantially different protection ratios (potential to cause harmful
interference).

! For example, an adjacent channel interferer that is 35 dB greater than the wanted DTT signal and is
also highly bursty in time, can disrupt the AGC operation in a DTT receiver’'s RF front-end and result
in total receiver failure. While another adjacent channel interferer of similar strength, that is time-
continuous rather than bursty, may well not cause any harmful interference.





Given that ACLRs cannot uniquely identify the potential for harmful interference from a
WSD, we proceeded to present a framework for WSD conformance in relation to WSD-to-
DTT protection ratio requirements. Specifically, we set out the following requirements:

o \WSDBs will use a set of cautious default protection ratios (corresponding to different
WSD-DTT frequency offsets and received DTT power levels).

e The default protection ratios will be specified in the VNS/EN? as upper limits on the
protection ratios exhibited by WSDs. The VNS/EN will also specify methodologies for the
measurement of WSD-to-DTT protection ratios. These specifications will include the
requirement for testing of WSDs against a minimum number® of DTT receivers.

¢ In order to comply with the essential requirements of the R&TTE Directive, WSDs could
comply with the technical/regulatory requirements specified in the VNS/EN.
Manufacturers will therefore need to ensure (via the conformance tests specified in the
VNS/EN) that they can achieve protection ratios that are equal to or lower than the
default values.

e WSDs that can achieve® protection ratios that are lower than the default values may
report this capability to WSDBs. WSDBs may account for the enhanced characteristics of
these WSDs by returning appropriately larger maximum permitted WSD EIRPs. This will
not be a mandatory requirement for WSDBs.

e By definition, WSDs that cannot achieve the default protection ratios do not comply with
the requirements specified in the VNS/EN, and may not comply with the essential
requirements of the R&TTE Directive.

We then proposed two preferred approaches whereby a WSD might report its enhanced
DTT protection characteristics to a WSDB:

Approach (B) — Implicit reporting of improved protection ratios by technology

A WSD may indirectly report to WSDBs its enhanced protection ratio characteristics via a
technology-ID. This will identify the air-interface technology used by the WSD over the
UHF TV band. The technology-ID will be mapped by a WSDB on to a set of enhanced
(measured) technology-specific protection. Mapping tables will be provided to Ofcom and
WSDB providers by the relevant technology forums. Where a WSD does not report its
technology-1D, a WSDB will assume that the WSD only just achieves the default
protection ratios.

Approach (D) Specification of multiple classes of protection ratios in the VNS/EN

Here the VNS/EN will specify not only a default set of protection ratios, but also N
classes of enhanced protection ratio profiles. A WSD may report to WSDBs its enhanced
protection ratio characteristics via a protection ratio class-ID which essentially declares
conformance against one of the classes of protection ratios specified in the VNS/EN.

Our proposals were discussed in meeting #6 of the TV white space technical working group.

> As noted previously [4], in the absence of relevant European harmonised standards (ENs), we
Eropose to create a UK-specific voluntary national specification (VNS) for the regulation of WSDs

For example, this may include 2 super-heterodyne receivers (can tuners) and 3 Silicon receivers.
* As demonstrated via the test and measurement procedures described in the VNS/EN.





A number of stakeholders expressed serious concerns and doubts in relation to the
possibility and viability of including protection ratio limits and protection ratio conformance
tests in European harmonised standards. The following issues were cited

1) Following convention, the limits and conformance tests specified in a EN should be with
respect to only those WSD parameters which relate to, and are under the control of, the
WSD equipment manufacturers, and not those parameters which relate to the behaviour
of other equipment. It was noted that diverging from this conventional approach could be
problematic.

2) The specification of the number and identity of DTT receivers which would need to be
included in the EN conformance tests can be problematic. Issues of particular concern
include calibration of the DTT receivers, the repeatability of the tests, and the anonymity
of the DTT receiver models tested.

3) European harmonised standards are for the testing of equipment, whereas protection
ratios are a spectrum management issue for the regulator and distinct from the elements
of the R&TTE Directive.

We agree with the concerns raised by the stakeholders in relation to the inclusion of
protection ratio limits and protection ratio conformance tests in the VNS/EN. Consequently,
we have revised our proposed framework to account for these.

2. Proposed framework

We acknowledge the difficulties, both regulatory and technical, with the inclusion of
protection ratios in the VNS/EN. The alternative is that Ofcom will need to specify the
appropriate protection ratios (default or otherwise) and directly inform the WSDB providers
with regards to their values.

This has implications with regards to the default protection ratios, as well as the proposed
approaches for the reporting of enhanced protection ratios to the WSDB. We address each
separately.

2.1. Reporting of enhanced protection ratios

Given that protection ratios cannot be specified in the VNS/EN, then approach (B) proposed
in the previous version of this document (see also Section 1) becomes our preferred
approach. We repeat the description (with some appropriate modifications) below.

Implicit reporting of improved protection ratios by technology

A WSD may report to WSDBs its enhanced protection ratio characteristics via a
technology-ID. The technology-ID will identify the air-interface technology which the WSD
uses over the UHF TV band. Such technologies might include IEEE 802.11af, WiMAX,
LTE, Weightless, and others. The technology-ID can be mapped by a WSDB on to a set
of technology-specific protection ratios, r; (Af, Ps), where i represents the technology-ID.

Mapping tables will be generated by Ofcom (either independently, or through
collaboration with the relevant technology forums) and will be provided by Ofcom to
WSDB providers. The relevant technology forums might include the WiFi alliance, WiMAX
forum, UMTS forum, Weightless SIG, and others. Where a WSD does not report its
technology-1D, a WSDB will assume that the WSD only just achieves the default
protection ratios.





This approach reduces the amount of information that a WSD needs to report to a WSDB.
Another advantage is that the number of different protection ratio profiles is unlikely to be
large, and is limited by the number of WSD technologies. A drawback is the need for
Ofcom to maintain mappings between the technology-IDs and protection ratio profiles.

2.1. Default protection ratios

If protection ratios cannot be specified in the VNS/EN, then the concept of default protection
ratios becomes somewhat problematic, and will need to be revised.

Recall that the idea behind default protection ratios was first introduced to deal with cases
where a WSD does not report its enhanced protection ratios to a WSDB. Here, the WSDB
would use cautious default protection ratios in its calculation of interference, somewhat
confident in the knowledge that the WSD must at least meet the default protection ratio
upper limits specified in the VNS/EN®.

But if the default protection ratios cannot be included in the VNS/EN, then there is no way of
knowing (with any degree of confidence) whether a WSD can at least meet the default
protection ratios.

Two circumvent this problem, we propose two options:

Option 1 — We discard the idea of default protection ratios. All WSDs will be mandated
to report their technology-IDs to WSDBs. The WSDBs must be able to map each and
every technology-ID to a class of protection ratios. Unknown technology-IDs, or those
which WSDBs cannot (currently) map to a class of protection ratios, will not be permitted
to operate in the UHF TV band (i.e., the WSDB will return a maximum permitted EIRP of
zero for such WSDs).

Option 2 — We maintain the idea of default protection ratios, but note the need for an
elaborate approach for calculating them. A WSDB will assume cautious default
protection ratios if a WSD reports a technology-ID which the WSDB cannot (currently)
map on to a class of protection ratios, or if a WSD does not report its technology-ID. To
derive appropriately cautious default protection ratios, we will need to “bound” the
potential for interference caused by spectral leakage of such WSDs. To this end, we will
need to know the minimum ACLR of the WSD over a range of frequency offsets. This
minimum ACLR mask can be specified in the VNS/EN. The minimum ACLR mask can
then be combined with the worst measured DTT receiver ACS mask® to derive the
appropriately cautious default protection ratios.

Our preference is for Option 2, since we believe that it provides an appropriate degree of
confidence in our ability to estimate, via default protection ratios, the greatest potential for a
WSD to cause harmful interference, without precluding the introduction of new WSD
technologies to the TV UHF band.

®> Complying with the requirements in a EN is one possible means of complying with the essential
requirements of the R&TTE directive.

® This measured ACS mask would capture the worst-case impacts of the time-frequency structure of
the WSD interferer, as well as overload effects.





3. Conclusions

In response to stakeholder concerns regarding the inclusion of WSD protection ratio limits
and protection ratio conformance tests in European harmonised standards, we have revised
our proposed framework in relation to protection ratio requirements. The revised framework
is as follows:

e WSDBs will use a set of cautious default protection ratios, ro(Af, Ps), specified for a
number’ of interferer-victim frequency offsets, Af , and DTT signal powers, Ps. Note that
larger protection ratios imply a greater potential for a WSD to cause interference to a
DTT receiver.

e The default protection ratios, ro(Af, Ps), will be specified by Ofcom. These will be
calculated based on the WSD spectrum emission mask, ACLR(Af), specified in the
VNS/EN, combined with worst-case measured DTT receiver adjacent-channel
selectivity?, ACSy(Af, Ps), for a range of Af and Ps.

e WSDs that can achieve® protection ratios, r(Af, Ps), that are lower than the default
values, ro(Af, Ps), may report this capability to WSDBs via a technology-ID. WSDBs may
account for the enhanced characteristics of these WSDs by mapping the reported
technology-ID on to a set of technology-specific protection ratios, r; (Af, Ps), where i
represents the technology-ID. Note that this will not be a mandatory requirement for
WSDBs.

¢ Technology-specific mapping tables will be generated by Ofcom (either independently, or
through collaboration with the relevant technology forums) based on protection ratio test
procedures specified by Ofcom. The mapping tables will be provided by Ofcom to WSDB
providers.
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" For example, we may have Af = nx8 MHz where n e {1, +2, ... +10},

and Ps e {-70,-50,-30,-10} dBm.

® This measured ACS mask would capture the worst-case impacts of the time-frequency structure of
the WSD interferer, as well as overload effects.

° As demonstrated via the test and measurement procedures described in the VNS/EN.






