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Question 1. The executive summary sets out our proposals for licence-exempting
cognitive devices using interleaved spectrum. Do you agree with these proposals?

Cognitive access offers potential for improvedisgiion of the UHF spectrum and is
attractive if devices can be deployed without cagisnterference to DTT and radio
microphones. DTT is the dominant TV platform ie tdK and it is crucial to the
success of digital switch over. It is used in 6K households, i.e. over 17
million homes. DTT signals will suffer a loss-ofiee margin in the presence of
interference ultimately resulting in service faduindeed, the susceptibility of the
signals to impulsive interference, contributedhe tollapse of ITV digital.

Cognitive detection using sensing is potentialtyaative, but a specification for
detection of a single DTT or PMSE signal would betsufficient to prevent
interference on its own. For the sensing techntquee viable, the cognitive device
must have sufficient RF dynamic range to detedhanmbent in the presence of 2 or
more higher level signals, e.g. from other incunib€BTT or PMSE), other white
space devices or new services in the DDR clearedtigpn (e.g. B00MHz mobiles).
Tests by the FCC indicate that prototype devicegjgte to detect DTV signals at the
required levels, and performance degrades significen the presence of other
higher level signafs Simple RF linearity analysis suggests a 25dB awement in

RF performance is required to make the detectiomnigue viable in typical
deployment& Even if these difficulties could be overcome, thieo concern would be
the detrimental effect of using a cognitive devitelose proximity to other items of
electronic equipment whose near field emissionsatensignificant and could de-
sensitise cognitive detection.

If detection is to be permitted it is essentiak the detection specification should be
set in terms of field strength (-114dBm equatesadBuV/m at 500MHz for a 0dBi
antenna). Conducted tests ignore antenna perfoeranttthe effects of self
interference. Type approval testing in a G-TEM oelsimilar would be necessary to
ensure compliance. The test must also check thandignrange of the cognitive
devicé to ensure performance is maintained in the presefhigher level signals.

! FFC White Space Device Tests - Executive Summary
(http://hraunfoss.fcc.gov/edocs_public/attachmatéhiB-2243A2.dok —

“Several tests were performed with DTV signals prieiseadjacent channels. These tests showed that
in the presence of moderate-to-strong signalsfinsh adjacent channel, the detection threshold
sensitivity of all of the devices was severely iohgéh  For some of the devices, the degradatidhen
detection sensitivity was as much6fs70 dB In some cases, the degradation was such that the
detection threshold could not be measured. Thigdcimnpact significantly the ability of the devides
reliably detect TV signals within stations’ servareas.”

2 The most likely high level interferers are 800Miripbiles (EIRP ~30dBm) and other white space
devices (EIRP ~20dBm). Assuming 55dB path loss (himmum separation), DTT/PMSE detection
would be required in the presence of signals u2%dBm in level. For a 3dB degradation in detection
threshold, a cognitive receiver would requiré“o8der intermodulation intercept point of +20dBm,
some 25dB greater than that typically achieved withventional DTT UHF tuners.

% A suitable test would consider detection of DTTLatIBuV/m in the presence of two noise like
interferers, 107 dBV/m in level, each 8MHz wide at offsets of N+k, Rk-(e.g. 16MHz and 32MHz
offsets for k=2).



Geolocation looks far more viable than detectiod s has emerged as the
preferred technique at stakeholder workshops. ‘Athect design of the database,
this approach is unlikely to cause interferencB1d@ or PMSE. However, some of
the proposed transmitter parameters in the exexagtimmary are of concern as they
are based on incorrect assumptions about pattatassictim receiver C/I
performance. Mobile TV receivers and PMSE receaivell be particularly
susceptible to blocking problems as path lossesd®st victim receivers and
cognitive transmitters will be lower than for rawip DTT reception. These concerns
will be discussed further in the body of this cdtegion response.

Detection
Question 2. Do you agree that the sensitivity level for DTT should be -72 dBm?

TV networks are planned to take account of vanetim signal strength that occur
due to local terrain irregularities. The UK is died into square pixels, each 100m by
100m, and within each pixel there will be a randamnation of signal strength. The
statistics of the signal variations are charaaerisy a log-normal distribution.
Measurements have shown that the standard devigititve distribution is typically
5.5dB, and a location correction factor of 9dBdgquired to ensure reception in 95%
of locations within the pix&l Therefore, the proposed detection threshold shioeil
reduced from -72dBm, to -81dBm to account for tlagistical variations expected at
10m height within the planning pixel.

Note a DTT sensitivity level of -81dBm is considteth the DTG D-book
performance targets for domestic DTT receivers.tRetUK switch-over mode (64-
QAM rate 2/3), a minimum sensitivity of -79.6dBmsigecified. Typical receivers
will exceed the DTG target, achieving -81dBm sewisitand ensuring reception for
95% of locations within the planning pixel.

We note that the DTT sensitivity value of -72dBns Ih@en calculated at 550MHz
from a planned field strength of 50dB/m, a 12dBi antenna gain and 2dB feeder
loss. At 800MHz, the feeder loss will be 3dB highgypically 5dB) and the antenna
aperture will be 3dB lower. The signal level, negleg location variations, for
50dBuV/m field strength will thus be 6dB lower, i.e. €Bm.

Question 3. Do you agree with an additional margin of 35 dB resulting in a sensitivity
requirement for cognitive devices of -114 dBm?

The hidden node margin of 35dB is appropriate fitnusban deployment of cognitive
devices at 1.5m outdoors. It is based on the ERA'$ reception survey and ray

* For further information, see “The Chester 1997 tNaikral Coordination Agreement relating to
Technical Criteria, Coordination Principles and d&maures for the introduction of Terrestrial Digital
Video Broadcasting (DVB-T)", European Conferencdoftal and Telecommunications
Administrations, Chester, 25 July 1997
(http:/iwww.ero.dk/132D67A4-8815-48CB-B482-903884BE3)



tracing simulations (ERA Report 2009-06)L1f deployment of cognitive devices is
restricted to use outdoors, this hidden node mawginid be adequate, albeit the
sensitivity may need to be 9dB lower to accountlervariations of signal strength
within a planning pixel.

In practice, devices will be deployed indoors whggmal strengths will be much
smaller with the added potential to suffer neddfemission interference from
common household electronic equipment. A cognitieeice working indoors would
cause significant interference to a victim DTT feeeif broadcasting co-channel to
the DTT signal. ERA report 2009-0011, Figure 45gmsjs that signal strength
indoors would be attenuated between 20 to 30dB eoeapto outside the building at
1.5m. This additional factor has not been taken aticount, as it has been assumed
that indoor operation would only cause interferetacedoor TV reception, which
would be unprotected. Assuming a DTT noise floof9&dBm, based on DTG target
sensitivity, a path loss of 118dB is required betvéhe cognitive device operating at
20dBm EIRP and the DTT antenna for a 3dB loss msisigity. This level of antenna
isolation is unlikely to be achieved and a muchdodetection threshold (<
-141dBm) is necessary to allow indoor deploymerdagitive devices, whilst
preventing interference to loft-mounted or roof-mtad TV antennas.

Question 4. Do you agree with a maximum transmit power level of 13 dBm EIRP on
adjacent channels and 20 dBm on non-adjacent channels?

The proposed adjacent channel EIRP limit of 13dBakes the following
assumptions:

e The minimum planned DTT signal will be -72dBm, winigeglects locational
variations (typically 9dB, for 95% locations).

» There is a minimum path loss of 55dB between wdpiEce device and victim
DTT antenna, which neglects loft antennas and diperaf white-space
devices in adjacent loft conversions. There isdditenal discrepancy in the
consultation document calculations as a feederdbSslB has been used to
calculate the antenna isolation, but a lower feémtes of 2dB was used to
calculate the minimum received level of -72dBm.isTihtroduces a 3dB error,
favouring increased whitespace EIRP.

* The white space device will be at 1.5m outdoorsjdgrees off axis to the
DTT antenna.

 The DTT receiver C/l performance exceeds -30dBijckvis 3dB better than
the target performance set by the DTG.

Furthermore, the following considerations have hgapred:

* The DTT receiver is non-linear and blocking effedii® to DTT receiver non-
linearity result in C/I performance that degradekigher signal levels.

® “Analysis of hidden node margins for cognitive icadevices potentially using DTT and PMSE
spectrum”, B.S Randhawa, Z. Wang, O. Parker, Jgr2G09
http://www.ofcom.org.uk/radiocomms/ddr/documentaéeg. pdf



» The use of aerial distribution amplifiers will fber degrade C/I performance
and reduce the level at which non linear behavi@oomes important, by up

to 19dE.

There are a number of usage scenarios where thmpgens made by Ofcom
would not apply and a reduction in white space c=tIRP will be required to

protect DTT reception:

DTT DTT / Cognitive Maximum
Sensitivity |antenna DTT C/l |Cognitive Tx
Scenario (Adjacent channel operation) (dBm) isolation (dB) (dB) Power (dBm)
Ofcom condoc reference -72 55 -30 13
95% location variation, DTG C/I target -81 55 -27 1
Loft operation, no location variation, DTG C/| target -72 42 -27 -3
Loft operation, 95% location variation, DTG C/I target -81 42 -27 -12
The scenario where a loft-mounted white space @éicg. an access point)
interferes with a loft mounted DTT antenna is therst, case and requires a reduction
in output power between 16 and 25dB.
For non adjacent channels, the target receivep&fbrmance is typically 11dB
better, i.e. <-38dB for QEF. The following valus® then appropriate:
DTT DTT / Cognitive Maximum
Sensitivity |antenna DTT C/l  |Cognitive Tx
Scenario (Non adjacent channel operation) (dBm) isolation (dB) (dB) Power (dBm)
Ofcom condoc reference -72 55 -38 21
95% location variation, DTG C/| target -81 55 -38 12
Loft operation, no location variation, DTG C/I target -72 42 -38 8
Loft operation, 95% location variation, DTG C/I target -81 42 -38 -1
It should be noted, however, that DTG target CHgrenance for N+9 interferers
reduces to -31dB. To address this, white spacedd&iRP must be reduced by 7dB
or N+9 channel restrictions must be applied.
DTT DTT / Cognitive Maximum
Sensitivity |antenna DTT C/l  [Cognitive Tx
Scenario (N+9 channel operation) (dBm) isolation (dB) (dB) Power (dBm)
No allowance for location variation -72 55 -31 14
95% location variation, DTG C/I target -81 55 -31 5
Loft operation, no location variation, DTG C/I target -72 42 -31 1
Loft operation, 95% location variation, DTG C/| target -81 42 -31 -8

Receiver linearity effects may impose further coaists. The DTG have recently
defined a simultaneous, non-ACI protection testrehiterferers are applied at

¢ “Conducted and Radiated Measurements to Quantfig-I, UMTS and WiMAX Interference

into DTT”, B.S Randhawa, Z. Wang, |. Parker, May0

http://www2.ofcom.org.uk/consult/condocs/clearedaliera. pdf

" Assuming 6m separation between DTT loft antenmhaacognitive device deployed in a loft
conversion with 8dB penetration loss for the dinglivall, the path loss from cognitive device to TV

antenna (12dBi) would be 42dB.




channels N+2 and N+4 at a level of -25dBm. Thedafapgrformance agreed with
manufacturers is -28dB. This would imply a whipase device EIRP limit of
between -11dBm (loft protected) or 2dBm (loft urtprted). This test however, is
quite new, and the margin by which typical recesvexceed the target is unknown.
Nevertheless, receiver linearity and intermodutagffects should not be neglected.

Question 5. Would it be appropriate to expect DTT equipment manufacturers to
improve their receiver specifications over time? If so, what is the best mechanism to
influence this?

This question implies that all would be well if m#iacturers could produce enhanced
performance equipment. However, it is the protectibexisting equipment that is the
main issue and having mechanisms in place to enisareertain aspects of RF
performance do not get worse as manufacturing emstgimmed.

The optimisation of cost, power consumption ando@formance is complex. The
adjacent channel C/I performance of DTT receiversairtly determined by the
performance of the IF SAW filters in the tuner amy additional digital filtering
implemented in the demodulator after the ADC. Aweotfactor is linearity which is
closely related to power consumption and heatgis$igin. The C/I performance
achieved in domestic DTT tuners matches and ofteaegls that set by professional
receivers and further improvements seem unlikelye ifitroduction of the extended
bandwidth mode in DVB-T2 may results in a reduciioi€/I performance, as the
DVB-T2 signal occupies a greater fraction of theRu¢hannel.

Manufacturers have played an active role withiraargations such as the DTG to
achieve realistic and consistent RF performanggetarfor DTT equipment. We only
have to compare the RF performance of DTT equipreetitat of DAB, DRM or FM
radio equipment allowed into the market place ®ls®v well that approach works.

Question 6. Do you agree that the reference receive level for wireless microphones
should be -67 dBm?

This level is appropriate for radio microphonestudios. For outside broadcasts,
lower signal strength and reduced fade margin neatplerated to facilitate rigging. A
reference level of -77dBm would be appropriate Bfable margin).

Question 7. Do you agree with an additional margin of 59 dB for wireless
microphones?

In calculating the hidden node margin for radio nophones, ERA has assumed that a
25dB co-channel protection ratio (white space deinterferer into PMSE victim)

will be sufficient to protect the radio microphoinem white space device

interference. This figure is somewhat arbitrarg thodulation and bandwidth
parameters for white space devices have not bderedeand it is too early to know if
the 25dB protection ratio is adequate. Should gelaprotection ratio be necessary,
the hidden node margin will be greater. Furthermitre 20dB allowance for body



loss assumes one layer of bodies between the madrophone and the white space
radio device which may not always be appropriate.

Question 8. Do you agree with a sensitivity requirement for -126 dBm (in a 200 kHz
channel) for wireless microphones?

This is appropriate for studio use, subject todtrehannel protection ratio issue
discussed in Question 7. For outside broadcastsyexr sensitivity is appropriate
given typical antenna rigging constraints, and €E6 would be appropriate.

Different sensitivity requirements will be appragig for digital radio microphones.
The typical digital radio microphone receiver paas full performance audio (110dB
SNR) at -96dBm. A reference level of -76dBm (20dBd margin) or less would be
appropriate for this digital implementation, copesding to a detection sensitivity of
-135dBm.

Question 9. Do you agree with a maximum transmit power level in line with that for
DTT? Are there likely to be any issues associated with front end overload?

The analysis of paragraph 5.37 is based on a PM&ver C/I performance of
-70dB. The C/I performance for a cognitive inteefeinto PMSE receiver will be a
function of the spectrum of the cognitive transeritiThis is as yet unknown, but the
performance of PMSE receivers in the presence daf Dierferers is a useful
indicator. Work by the ERC on DVB-T compatibilityity PMSE® assumes a receiver
C/1 performance of -35dB. This would result in aoiive transmitter power limit of
0dBm in a 200kHz bandwidth, equivalent to 16dBm K8Mif overload effects are
neglected. We understand that Ofcom have commisgiarprogramme of receiver
C/l measurements and the results of these measatemi be important in
determining if the proposed transmitter levelsldely to cause interference to radio
microphone receivers.

Receiver non-linearity and overload are likely eothe dominant issue. We have no
data on PMSE receivers, but professional UHF tufeerBTT typically achieve a
third order input intercept of <-5dBm. Assumingaperating point of -67dBm, and a
co-channel protection ratio of 25dB, front end imtedulation products resulting
from third order non-linearity need to be supprddsea level no greater than
-92dBm. Assuming an intercept of -5dBm, the cogeisignal should be no greater
than -34dBm at the PMSE tuner. Given a path lo$2dB (1-2metres), the
maximum transmit power would be -2dBm.

Question 10. Do you agree that the sensitivity level for mobile television receivers
should be -86.5 dBm?

8 ERC Report 88:Compatibility and Sharing Analysis between DVB+{ida&Radio Microphones in
bands IV and V; Naples, February 2000:
http://www.erodocdb.dk/Docs/doc98/official/pdf/REFpdf
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This will depend upon the DVB-H mode used for traission. Assuming a receiver
noise figure of 3dB and a demodulator implementati@rgin of 2dB, the following
sensitivity levels would apply:

Modulation |Code Rate|Sensitivity

QPSK 1/2 -97.1 dBm
QPSK 2/3 -95.3 dBm
QPSK 3/4 -94.3 dBm
QPSK 5/6 -93.3 dBm
QPSK 7/8 -92.5 dBm
16-QAM 1/2 -91.4 dBm
16-QAM 2/3 -89.1 dBm
16-QAM 3/4 -87.7 dBm
16-QAM 5/6 -86.7 dBm
16-QAM 7/8 -86.3 dBm
64-QAM 1/2 -85.8 dBm
64-QAM 2/3 -83.7 dBm
64-QAM 3/4 -82.2 dBm
64-QAM 5/6 -80.9 dBm
64-QAM 7/8 -80.1 dBm

A sensitivity of -97dBm is appropriate for QPSKe& mode and it is conceivable
that such rugged modes might be deployed to imptoverage or reduce network
costs.

However, calculations of improvement in sensitiagyreduction of receiver noise
figure can be misleading. They are only valid & intenna noise temperature is
290K. The antenna noise temperature for a mobdeiver is likely to be much
greater than 290K because the antenna will prodadiyuch closer to local sources
of EM noise. The expected improvement in sensytigtliikely to be less than
calculated.

Question 11. Do you agree with an additional margin of 20 dB for mobile television?

An additional margin is required to cover the cavere the cognitive device is
deployed indoors and causes interference to a mmdMlIreceiver operating outdoors.
As discussed in the response to question 3, the taR&acing of DTT propagation
at 1.5m through houses shows typical variatior30oiB, with worst case shielding
increasing to 40dB. Given this, the margin of 2Ggpears insufficient to protect
mobile TV.

Question 12. Is it likely that mobile television will be deployed in the interleaved
spectrum? If so, would it be proportionate to provide full protection from cognitive
access?

Mobile TV receivers may be deployed in either ilgaved or cleared UHF spectrum,
depending upon the cost of the spectrum at auction.

The dominant interference problem will tend to tmnf-end overload from cognitive
devices. These will be received by the mobile nesreat levels up to -15dBm, based
on a minimum separation of 2.8m, 20dBm EIRP andBi €eceive antenna. To
maintain reception of a wanted signal at -86dBnth\ai C/N of 15dB, the3order
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intercept requirement of the mobile receiver wdudct-28dBm. This is at least 33dB
greater than the typical performance of a profesdiDTT receiver and would be
exceedingly difficult to engineer in a low powenae.

We note that Ofcom has made assumptions on moHilge@ormance that appear to
be based on ERA’s survey of fixed receivers. Thesatiation document suggests a
mobile TV C/I of -40dB for the adjacent channelpnoving to <-50dB for non
adjacent channels. It is unlikely that low powennpact tuners for a mobile device
will achieve this performance. The DTG-D book glies specify the following
requirements for fixed receivers:

Interferer Level (dBm) = C/l (failure)  C/l (QEF)

DTT ACI (N+1) protection (dB) -25 -29 -27 dB
DTT Non-ACI (N+2) protection (dB) -40 -38 dB
DTT Non-ACI (N+3) protection (dB) -45 -43 dB
DTT Non-ACI (N+M) protection (dB), M24, M#9 -49 -47 dB
DTT (N+9) Protection (dB) -33 -31 dB
DTT Simultaneous non-ACI (N+2) & (N+4) protection (dB) -25 -30 -28 dB

Mobile receivers will tend to use silicon tunerfeoihg reduced performance
compared to fixed receiver using conventional an-tuners and higher-Q RF
tracking filters.

In principle, the C/I performance for mobile TV edeers using cleared spectrum
could be improved relative to devices using ineartsl spectrum, reducing the
interference probability. However this would reguiyK-specific, band pass filters.
Mobile TV receivers will need to operate acrossalintries where DVB-H services
are deployed and it is unlikely that manufactureosild be prepared to develop
anything special for the UK market.

In conclusion, it is difficult to see how mobile Tand cognitive radio devices can
coexist in the UHF spectrum.

Question 13. Should we take cooperative detection into account now, or await further
developments and consult further as the means for its deployment become clearer?

Co-operative detection may offer some benefit,dmatracterisation and type approval
of devices relying on such techniques would pratfecdlt. It would be appropriate

for mobile client devices to use sensing data feofixed device, but in all cases, the
geolocation database approach is preferred. Thaome of such client devices is
discussed in FCC 08-280vhere a fixed device, using both sensing andogetion
databases, registers its spectrum usage on thredhtnd controls one or more client
devices with no sensing capabilities. This appraggtears workable.

Geolocation databases

Question 14. How could the database approach accommodate ENG and other

?“Second Report and Order and Memorandum and QrBederal Communications Commission,
November 4, 2008. http://hraunfoss.fcc.gov/edocblipiattachmatch/FCC-08-260A1.pdf
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similar applications?

The database would need to be updated by the PMBE mhanager, so that PMSE
assignments could be protected from cognitive asvic

Question 15. What positional accuracy should be specified?

There is a trade off between the resolution ofddibase (and hence positional
accuracy) and the number of channels that can Ikeeshas available. As resolution
is improved, the number of available channels wilease. A resolution of 500m
may prove sufficient, but a detailed analysis guieed. Because higher resolutions
might lead to a greater channel availability, ightiprove beneficial to provide a
higher resolution database (say 100m or 50m) wihersize of the database is
unimportant to the white space device, and theagpaf the method taken to deliver
it to the device is not a constraint.

Question 16. How rapidly should the database be updated? What should its minimum
availability be? What protocols should be used for database enquiries?

DTT spectrum usage is essentially static (oncectwiter and the following 800 MHz
reallocation are complete). PMSE usage is dynaamid,users would like to see
channels clear of cognitive transmissions withiniaute of making a booking.

There are a number of options for distributing thasa. The FCC currently favours an
Internet-hosted database maintained by an indepétided party. This is dependent
on the cognitive device having access to the letemhich would not otherwise be
required for all white space applications. For egbana media streaming gateway for
distribution of multimedia in the home would notessarily need a direct Internet
connection but this would become a requiremenaéoess to an Internet-hosted
database.

An alternative and potentially complementary apphoaould be to stream the
database as a data carousel within a broadcastti2viBport stream. This would
enable broadcasters to assert direct control tneesérvices they need to protect.
Such mechanisms could be standardised throughdastiy group such as the DTG.
Whitespace devices would then not necessarily deedt Internet access, but could
operate given access to the DVB transport strednis. dould potentially be carried by
DTT, cable or satellite. However because the dewiight not necessarily be
connected to cable or have access to satellitertrasions, and because white space
devices will need a UHF tuner for operation, terrakdistribution of this data using
DTT may prove effective. The data carousel couldd&sgned to provide faster
updates for PMSE assignments and slower updatesdiic broadcast assignments.
However there are a number of hurdles to overcoafar® such a system could be
implemented :-

1. The White Space device might not be able toiveany DTT service but it still
could be in a position where it might be able tenfere with reception on nearby
DTT receivers. This would need further analysiddétermine whether mitigating
strategies could be put in place. In practic&ig technique was complementary to

-9-



Internet delivery of the database, it might be vadtk for a device to rely on DTT
delivery for devices not connected to the Interagt Internet connection when DTT
reception was not possible. The device would teerestricted from access to White
Space spectrum is it was not able to secure attleans of access to the database.
2. There are inevitable cost and infrastructureasswith implementing such a
system. Also DTT bandwidth is highly constrained aostly. It is not clear that this
could be imposed as an additional requirement @stieg multiplex operators.
Otherwise, it is not clear how the funding to immpknt such systems could be
realised.

3. Although broadcasters have significant intergsteaintaining PMSE operations, it
is not clear what business relationship with JFMi@hthenable the implementation of
such systems by the broadcasters on behalf of Pbp8Eators.

Question 17. Is funding likely to be needed to enable the database approach to
work? If so, where should this funding come from?

An Internet-hosted database could be updated amtameed by the broadcasters,
Ofcom or a third party funded by Ofcom. Since teishnology is intended for low-
cost licence exempt use, it is difficult to see hbe end user would directly fund the
service. However it is also difficult to see whyddmw broadcasters should fund the
service as it is primarily intended in freeing y@strum for other uses. If Ofcom
were unable to fund (e.g. through its spectrunctigfficy fund), another option could
be a levy on the sale of White Space devices. Iiteenet based approach has the
advantage that devices can log their location aadj@ of particular channels with the
database provider, potentially allowing rogue desito be traced and deactivated.
The FCC has suggested that fixed devices log ithentity on the database as part of
its white space proposals.

The option of sending the data using a DVB transgioeam using a broadcast
multiplex could be implemented by the transmisgooviders who would require the
protection it provides to their services. Howesianilar funding issues arise as
mentioned in the response to the previous questiptions for funding could
include Ofcom’s spectrum efficiency fund or a lexythe sale of White Space
devices.

Question 18. Should the capability to use the database for spectrum management
purposes be retained? Under what circumstances might its use be appropriate?

This capability should be maintained. The ben@itsognitive devices are as yet
unknown and UHF spectrum is a particularly valuaid limited resource. If a
higher value technology is developed in future eoghnitive devices are not widely
deployed, or an alternative technology (e.g. UWiBgrges as an alternative to
cognitive access, it would be highly desirable aveéhthe capability to terminate
cognitive device access to make way for new sesvigespectrum management
reasons.

Furthermore, there is still some doubt on the Viiglof white space devices and the
interference they may cause. Given this, it isaative to adopt a cautious approach,
carefully controlling channel allocation and EIRRiLthe compatibility of the
technology with DTT and PMSE is better understood.
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Question 19. Should any special measures be taken to facilitate the deployment of
cognitive base stations?

Defining the permissible transmit power for cogretdevices is a particularly
challenging problem. Devices deployed in tower kéocould potentially cause
interference for many miles. A device radiating BOUEIRP from a tall structure can
potentially be decoded with 3dB C/N at a range&hiles! In practice, terrain clutter
and path blocking will drastically attenuate thgnsil, permitting more rapid channel
reuse, but it is difficult to see how a “one siite &llI” approach to determining
transmitter power can provide an optimum solutlbis far safer to control maximum
transmit power as a function of the device locattaking account of position,
including the height of the device and assignimgaximum EIRP on a device by
device basis. If the device logs its position ahdrmmel in the database, it is in
principle possible to share the spectrum fairlyugetin a population of devices within
a geographical cell.

Beacon reception

Question 20. Where might the funding come from to cover the cost of provision of a
beacon frequency?

A network of beacons might be funded by Ofcom tmcal operator using whitespace
for broadband access. Alternatively the fundingld@ome from a levy on the sale
of White Space devices.

Question 21. Is a reliability of 99.99% in any one location appropriate? Does
reliability need to be specified in any further detail?

The integration period for the reliability calcutats is clearly important. A lower
reliability is acceptable for DTT/PMSE protectigmpvided that the white space
devices are fail-safe and cease transmissions thiedpeacon network is unavailable.

Comparing the different options

Question 22. Do you agree with our proposal to enable both detection and
geolocation as alternative approaches to cognitive access?

The BBC does not support Ofcom’s proposal to enbbtk detection and geo-
location as alternative approaches to cognitives&c It is clear from stakeholder
meetings that the detection approach will be imipbss$o engineer safely in the
immediate future and is not favoured either by pouwEnt manufacturers, broadcasters
or radio microphone users. On balance, we belieaethe required technology could
be developed more quickly if efforts were focuspatharily on a geo-location
approach although longer term R&D work on the deteaamethod may at some stage
in the future enable a technology that could beceffextive. Sensing does however

-11 -



have merit for PMSE operation outside the UK, wHEMSE assignment data may
not be available.

Other important parameters

Question 23. Should we restrict cognitive use of the interleaved spectrum at the edge
of these bands? If so, what form should these restrictions take?

This will be dependent on the outcome of Ofcom’sRDa&uctions and the services
deployed in the new spectrum. It is highly likef\at MNOs will demand protection at
the boundary to any new services in the 800MHz lfaadfor downlinks operating

on CH61) and similar requirements may emerge teept@CH31-37.

The exact requirements will depend upon the RFoperdince of the terminal
equipment deployed in the DDR. As a minimum requgat, it is likely that
cognitive access should initially be prevented kh 8D, 38, 39 and 60.

Question 24. Do you agree that there should be no limits on bandwidth?

This is attractive in principle, subject to the iadaility of satisfactory protocols for
fair sharing of spectrum within the available wisfgace. The collision detection
techniques adopted in WiFi equipment are unlikelprovide efficient spectrum
sharing and further research is required.

Question 25. Do you agree that a maximum time between checks for channel
availability should be 1s?

The fundamental requirement is for the MAC protsdol permit fair access to the
available white space so the available bandwid#in&ged equally between competing
white space terminals. A channel availability chegkry 1s may be appropriate for a
collision detect approach, but it is too early &xide if this is the most efficient
method of sharing the spectrum. Alternative MACtpcols might include time
division multiplexing, which would be particularfgasible given the requirement for
GPS. Signals from the GPS receiver could be us#dfbolocation and timing
references.

Question 26. Do you agree that the out-of-band performance should be -44 dBm?

The figure of -44dBm for PMSE is based on a C2%dB for white space device
interference, which cannot yet be verified. TheB2dtenna isolation assumes the
cognitive device will be greater than 2m from tiM3E antenna, and the PMSE
antenna has no gain.

The figure of -37dBm for DTT is based on a minimDmT level of -72dBm and a

minimum antenna isolation of 55dB. For certain siggnarios, antenna isolation may
drop to 42dB and DTT levels may be as low as -81dBorproperly protect DTT, an
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out of band requirement of -58dBm would then berappate, which is more
challenging than the figure of -44dBm for PMSE.

Sensitivity |OOB C/l |Antenna |Permitted OOB in
Scenario (Out of band perrformance) (dBm) (dB) Isolation |OOB (dBm) [8MHz BW
Ofcom DTT condoc reference -72 20 55 -37 -37
Ofcom PMSE condoc reference -67 25 32 -60 -44
DTT (95% location variation) -81 19 55 -45 -45
DTT (95% location variation, loft antenna) -81 19 42 -58 -58
Mobile DVB-H, QPSK rate 1/2 -97 5 32 -70 -70
Mobile DVB-H 64-QAM rate 2/3 -84 19 32 -71 -71

Its should be also noted that the spectrum of O@&1 inodulation products for a
noise like block of signal is not flat, and the Bocbrrection factor relating OOB
level in 8MHz to OOB level in 200KHz will be optistic at the edge of the white

space device spectrum.

Mobile reception requires a more demanding outanidoperformance limit and also
depends slightly on the DVB-H mode used. A limit6tdBm in an 8MHz

bandwidth is appropriate.

Question 27. Is a maximum transmission time of 400ms and a minimum silence time

of 100ms appropriate?

See question 25.

Question 28. Is it appropriate to allow “slave” operation where a “master” device has
used a geolocation database to verify spectrum availability?

This is considered appropriate and particularlyaad&geous for portable terminals,
where geolocation and sensing techniques wouldfbbeudt to engineer. It is likely
that devices operating in this mode will quicklyenge in the market place as the
FCC have defined this mode of operation in its edpace proposals.
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