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Isotek Electronics Ltd

Disclaimer

This report ("report”) has been prepared by Isotek Electronics Ltd for Ofcom, in
connection with the award of wireless telegraphy licences below 3GHz. This
report is intended for information purposes only. This report is not intended to
form any part of the basis of any investment decision or other evaluation or any
decision to participate in the award process for the Spectrum Bands, and should
not be considered as a recommendation by Ofcom or its advisers to any recipient
of this report to participate in the award process for the Spectrum Bands. Each
recipient of this report must make its own independent assessment of the
potential value of a licence after making such investigation as it may deem
necessary in order to determine whether to participate in the award process for
the Spectrum Bands. All information contained in this report is subject to
updating and amendment.

The content of the report, or any other communication by or on behalf of Ofcom
or any of its advisers, should not be construed as technical, financial, legal, tax or
any other advice or recommendation. Accordingly, any person considering
participating in the award process for the Spectrum Bands (either directly or by
investing in another enterprise) should consult its own advisers as to these and
other matters or in respect of any other assignment of any radio spectrum.
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Summary

Ofcom is currently investigating the feasibility of introducing new RF services into
the frequency bands detailed below:

1. 790MHz to 862MHz band (a part of the Digital Dividend Review);

2. 872MHz to 876MHz / 917MHz to 921MHz band; and

3. 2500 to 2690MHz band, which is close to the 2700 to 3100MHz band used for
radar applications.

One area for major concern is interference between the new services and the
existing networks, in particular RF interference created in the wireless front-end
equipment. This study determines the optimum RF filter solution to minimise the
potential for interference between adjacent RF systems.

Isotek has considerable experience in the design and high volume manufacture
of high-Q filters for wireless networks. Estimates are provided on the technical
performance capability of practical high-Q metallic cavity filters. In addition
pricing information has been included to support a comparison of price vs.
technical performance.
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1 Introduction
1.1 Background

Among its various responsibilities, Ofcom administers and regulates the civilian
use of radio spectrum within the UK to ensure that it is used in the most effective
way. Technical progress and market forces result in changing demand for this
spectrum, particularly at frequencies below 3 GHz which are well suited for a
variety of wireless applications including for mobile and broadcasting
communications.

This study investigates a variety of high performance filtering options suitable for
use in three areas:

e Transmit filtering within any base-stations operating in the 790-862 MHz
band to protect adjacent broadcasting services below 790MHz;

e Transmit and receive filtering in the 872-876MHz / 917-921 MHz band to
protect adjacent mobile and other services;

e Receive filters for S-Band Radar 2700-3100MHz band to improve their
selectivity performance from emissions within the 2500-2690MHz and
3400-3600MHz bands.

Information is provided on estimated performance of a practical filter to comply
with a range of different attenuation and pass-band requirements. Estimates are
also provided on the cost, size and complexity of the associated filtering.

This study is limited to filter requirements for base station equipment, radar
receivers and high volume manufacture of high-Q filters for wireless networks,
which is pertinent to this study. Whereas user equipment is generally very
compact and price driven and manufactured in very large quantities, base station
and radar receiver applications tend to be high power (for transmit filtering),
physically larger, more complex and comparatively more expensive.

Background on Isotek Electronics Limited.

Isotek was founded in 1978 originally to design and manufacture computer based
control systems. Subsequently, Isotek has diversified into a wide area of
expertise including aerospace, blade welding, sub-sea robotics, telemetry
systems, industrial controls and vehicle suspension systems.

Isotek became part of the Filtronic group during the late 1980's until it de-merged

in 1998. In 2006 the Filtronic Wireless Infrastructure R&D group left Filtronic and
joined Isotek creating two distinct areas of design and manufacture of high
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performance filters. Further information on Isotek’s products and services is
contained within the company website™.

1.2 Filtering Technologies

The role of RF filters is to pass wanted signals (in the ‘passband’) with a certain
maximum insertion loss, while attenuating unwanted signals (in the ‘stopband’)
by a certain minimum level. Many types of filtering technology are used, the
choice of which depends on many factors — size available, absolute frequency
and bandwidth of consideration, maximum level of insertion loss and minimum
attenuation required, power level of signals, etc. In addition to these electrical
requirements the choice of technology is also influenced by the environment,
particularly the operating temperature range, and by cost considerations.

One key parameter is the Q or ‘quality factor’ of a filter. This determines how
much of the wanted signal is lost as it passes through the filter, and also
determines how ‘sharp’ the filter response will be, i.e. how close the stopband
can be to the passband. In the frequency range from 500MHz to 3GHz filter Q
values range from a few hundred for filters composed of discrete ‘lumped
elements’ or printed filters a few mm in size, up to more than 50,000 for ceramic
resonator filters with dimensions of over 300x300x300mm.

For this study metallic cavity filters (also called combline filters) are considered
for the following reasons:

e This technology enables filters to be designed that give a good
compromise between performance, size and cost;

e The technology is ‘mature’ and available from multiple sources;

e Combline filters are suitable for low cost, volume manufacture using high
pressure die-casting techniques;

e The Q values achieved result in insertion loss performance that is
acceptable for many wireless infrastructure base-station requirements;
and

e They exhibit good power handling capability and temperature stability.

! http://www.isotek.co.uk/
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Interior view of typical combline filter

In each of the applications covered the combline filter performance presented is
that which could be readily achieved by a number of suppliers in high volume.
This assumes the following:

¢ Maximum filter Q is limited to that which would be typically used in current
wireless infrastructure base-station filters, although lower Q (and hence
smaller size & price) filters are used where possible;

¢ Frequency offsets to account for change in performance over temperature
are set to values achievable for a unit in an indoor base-station / radar
receiver scenario (range of —10°C to +65°C);

e Margins on attenuation levels are incorporated to allow for assembly,
alignment and test variability; and

o Filter designs above nine resonant sections are not considered due to the
excessive alignment time involved during the production process.
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2 790-862 MHz band (part of the Digital Dividend)

Following the switchover of analogue TV services to digital, the spectrum above
790MHz will be available for new wireless services such as for mobile
applications. Representative candidate technologies for mobile applications in
these bands are LTE (Long Term Evolution) introduced by 3GPP (3" Generation
Partnership Project) and WIMAX a telecommunications technology based on the
IEEE 802.16 standard. This study investigates the filtering requirements to
protect adjacent broadcasting receivers below 790MHz. For the purposes of this
study emissions based on LTE transmissions is assumed. However, the resulting
estimate on the base station filtering requirement is considered to be broadly
applicable to other candidate mobile technologies that may be deployed within
the 790-862 MHz band. It is assumed that any base-station transmitter already
meets the spectrum emissions requirements for LTE, however additional filtering
will be required to meet the regulatory limits to be set in the use of the band.

The study examines the filtering requirements to comply with six possible
regulatory limits as set out in “Karimi_Specifications_for_Isotek.ppt” (Appendix
1). The requirements are examined under three scenarios of guard bands of 0
MHz, 1 MHz & 2 MHz between new and existing services at 790MHz . In
addition, two DVB-T masks at guard bands of 1MHz and 2MHz were examined
as described in “Karimi_Specifications_for_Isotek-DVB-T mask.ppt” (Appendix
2). For each of these sets of limits filters are presented which provide the
additional attenuation required, and estimate the resultant impact on insertion
loss of the first 10MHz above 790MHz.

2.1 Regulatory Limits =59dBm/100kHz to —-9dBm/100kHz

As per the study objectives in Appendix 1, it is assumed that the LTE spectrum
emissions mask (SEM) has been met by the base-station giving a level of +8dBm
at band edge at 790MHz (i.e. corresponding to a passband starting at 792MHz
for a 2MHz guard band scenario, 791MHz for 1MHz guard band, and 790MHz for
OMHz guard band). Although this 3GPP requirement reduces slightly as the
mask is further separated from band edge, for the purposes of this study it is
assumed to be constant at +8dBm across the entire stopband at 790MHz and
below. Hence each filter must provide sufficient attenuation to reduce power from
+8dBm to the possible six regulatory limit levels under examination. These
filtering requirements are as follows:

Regulatory limit (dBm/100kHz) Filter attenuation required (dB)
-59 67
-49 57
-39 47
-29 37
-19 27
-9 17

In addition, following a request from Ofcom, an additional filter with 7dB
attenuation was investigated.
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The following general guidelines were assumed in the design of filters. Each filter
is designed to achieve the required attenuation with reasonable production
margin. A frequency shift of £150kHz over the operational temperature range is
assumed, and this can be seen in the offsets of the passband and stopband
frequency markers. Each filter is designed to achieve <1dB insertion loss worst
case over the passband. Where this is not achievable the plot shows at what
frequency this insertion loss is achieved (loss is minimum in the middle of the
passband and increases toward each band edge). Additionally, for 7dB, 17dB
and 27dB attenuation cases with 2MHz and 1MHz guard band, results are also
presented that estimate the resultant worst-case group delay variation over
200kHz, together with the error vector magnitude (EVM) performance over one
mobile channel (see Appendix 3 for background on EVM). EVM is not calculated
in cases where the result would be far outside acceptable limits. For example,
3GPP specify that the total EVM of a UMTS (3G) basestation transmitter must
not be more than 17.5% EVM for QPSK modulation, or 12.5% for 16QAM
modulation. As the filter is one of many components that will contribute to the
overall EVM, its performance must be significantly better than the overall
requirement. It should be noted that the EVM performance may be improved
through equalisation techniques, which is outside the scope of this study.

The following pages show details of the achievable performance, along with size
and price indication.

2.1.1 2MHz Guardband Filter Performance

2.1.1.1 67dB Attenuation Required
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frequency: 7.9185e+08 frequency: 7.9285e+08 -frequency: 8.0215e+08
dbS21: -1.6745 dbS21:-1.0852 dbS21: -0.88325

20+ frequency: 7.97e+08|
. dbS21: -0.61787

-40+

frequency: 7.9015e+08

-507 dbS21: -70.014

Insertion Loss (dB)

60+
70+
80+~

-90+

-1 ! ) ) 4 | ‘

9%c08 78408  7.88¢08  7.92¢08  7.96e08 8608 8.04608
Frequency (Hz)

Notes:

1.7dB worst case insertion loss at lower band edge
1.1dB insertion loss achieved 1MHz into passband
Approximate filter size: 210 x 210 x 75mm

Price indication: £330 (1k volumes), £250 (10k volumes)
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2.1.1.2 57dB Attenuation Required

frequency: 7.9185e+08 frequency: 7.9285e+08 frequency: 8.0215e+08
dbS21: -1.354 dbS21: -0.87355 dbS21: -0.61133
10
0 4
-10+
20 ‘frequency: 7.97e+08|
' dbS21: -0.47656
g -307
w
§ -404 ‘ '
c frequency; 7.9015e+08
£ 907 dbS21: -59.733
(7]
£ 60+
70+
-80+
90+
-190 1 T
.8e08 7.84e08 7.88e08 7.92¢08 7.96e08 8e08 8.04e08
Frequency (Hz)
Notes:
e 1.4dB worst case insertion loss at lower band edge
e 0.8dB insertion loss achieved 1MHz into passband
e Approximate filter size: 140 x 280 x 75mm
[ ]

Price indication: £310 (1k volumes), £240 (10k volumes)
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2.1.1.3 47dB Attenuation Required

frequency: 7.9185e+08 frequency: 7.9235e+08 frequency: 8.0215e+08
dbS21: -1.105 dbS21: -0.87897 1dbS21: -0.54394
10
0 ' . =
-10+
20 ‘frequency: 7.97e+08|
' dbS21:-0.4246
Q .30+ frequency: 7.9015e+08
Py dbS21: -51.626
& -40+
-l
c
S -50+
g E
£ -60+
70+
-80+
90+
-190 1 T
.8e08 7.84e08 7.88e08 7.92¢08 7.96e08 8e08 8.04e08
Frequency (Hz)
Notes:
e 1.1dB worst case insertion loss at lower band edge
e 0.9dB insertion loss achieved 0.5MHz into passband
e Approximate filter size: 140 x 280 x 75mm
e Price indication: £310 (1k volumes), £240 (10k volumes)
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2.1.1.4 37dB Attenuation Required

frequency: 7.9185e+08 <frequency: 8.0215e+08
dbS21: -0.9443 1dbS21: -0.49859

10

0+ ; |

-10+

frequency: 7.9015e+08 frequency: 7.97e+08!
207 |dbS21:-38.969 | dbS21: -0.38932

-30+
40+
50—

-60+

Insertion Loss (dB)

70+
-80+

90+

-100 1 T
9.8e08 7.84e08 7.88e08 7.92e08 7.96e08 8e08 8.04e08
Frequency (Hz)
Notes:

e 1.0dB worst case insertion loss at lower band edge

e Approximate filter size: 140 x 280 x 75mm
e Price indication: £310 (1k volumes), £240 (10k volumes)
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2.1.1.5 27dB Attenuation Required

frequency: 8.0215e+08|
dbS21: -0.37892

|frequency: 7.9185e+08
dbS21: -0.8965

10
0+ SN — — —
-10+ .
204 frequency: 7.9015e+08 frequency; 7.97e+08|
S dbS21:-31.116 dbS21:-0.34676 |
g 30— —
w e
2 40+
p}
S .50+
3
c -60+
70+
-80+
-90+
-109 : : :
8e08 7.84e08 7.88e08 7.92¢08 7.96e08 8e08 8.04e08
Frequency (Hz)
5e-07
4 5-07+ .
’ | frequency: 7.9185e+08
4e-07 .‘ {delay: 1.655e-07
3.5e-07+ '
@
= 3e-07
%
Q 2.5e-077 frequency: 7.9205e+08
3 \ | delay: 1.4932e-07
G 26071 '
1.5e-07 ’ = frequency: 7.99e+08|
- delay: 5.83e-08
5e-08| e
O__—-—:_ \ | | i s i ]
7.8e08 7.84e08 7.88e08 7.92e08 7.96e08 8e08 8.04e08
Frequency (Hz)
Notes:
e 0.9dB worst case insertion loss at lower band edge
e EVM =5.2% over worst case 3.84MHz
e Group delay variation = 17ns over worst case 200kHz
e Approximate filter size: 120 x 180 x 75mm
e Price indication: £250 (1k volumes), £200 (10k volumes)
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2.1.1.6 17dB Attenuation Required
ifrequency: 7.9185e+08| frequency. 8.0215e+08
|dbS21:-088903 | dbS21: 043322
10
0+ ‘ | E— U =
frequency: 7.9015e+08|
-10+ |dbS21: -19.593 ‘ :
01 frequency: 7.97e+08 |
; e dbS21:-0.38377 |
8 -0+
v
8 -40+
-
c
S 50+
=
D
£ 60+
-70+4
80+
-90+
10%0s 7.84e08 7.88e08 7.92e08 7.96e08 808 8.04e08
Frequency (Hz)
5e-07
45e-07+ i I S—
| frequency: 7.9185e+08 |
4e-07 (1 delay: 1.2197e-07
3.5e-07+ ’
";; |
. 3e-07-
r'
a N 3
2 2.5e-07 frequency: 7.9205e+08
] delay: 1.1102e-07
5 2e-07 ,
1.5e-07- Y ‘frequency: 7 99e+08'i
\ delay; 5.01e-08 ‘
1e-07 A -t
5e-08 A ——
7%¢08 784208 7.88e08 7.92e08 7.96e08 8e08 8.04e08
Frequency (Hz)
Notes:
e 0.9dB worst case insertion loss at lower band edge
e EVM = 3.6% over worst case 3.84MHz
e Group delay variation = 11ns over worst case 200kHz
e Approximate filter size: 100 x 150 x 75mm
e Price indication: £230 (1k volumes), £180 (10k volumes)
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2.1.1.7 7dB Attenuation Required

frequency: 7.9185e+08
dbS21. -0.57948

|frequency: 8.0215e+08|
|0bS21: -0.21541 ‘

10+
0+ |frequency: 7.9015e+08 | - 8
|dbS21; -14.3
A————=—
o0k . ﬁrequeﬁcy: 7.97e+08|
|dbS21: -0,22168
g -30t
L]
8 -40+
-
§ .50+
5
£ 60+
70+
-80+
-80+
-100.+ $ $ 4 $ 1 4
8e08 7.84e08 7.88e08 7.92e08 7.96e08 ge08 8.04e08
Frequency (Hz)
5e-07
4 5e-07+ :
|frequency: 7.9185e+08
4e-07+ |delay: 8.0103e-08 |
3.5e-07 1
@
g_ 3e-07 1
%2-58'07" [frequency: 7.9205¢+08|
= |delay: 7.2534e-08
B 2e-07 ’
1.5e-07 1 frequency: 7.99e+08|
delay: 2.7e-08
1e-07+ —_———y
5e-08- S
798908 7 eieoa 7.aée08 7.9?fe08 7.96e08 Bel8 8.04e08
Frequency (Hz)
Notes:
e 0.6 dB worst case insertion loss at lower band edge
e EVM = 2.6% over worst case 3.84MHz
e Group delay variation = 8ns over worst case 200kHz
e Approximate filter size: 120 x130 x 75 mm
e Price indication: £215 (1k volumes), £170 (10k volumes)

Duncan Austin Page 17 of 79

15/10/09



Isotek Electronics Ltd

2.1.2 1MHz Guard Band Filter Performance

2.1.2.1 67dB Attenuation Required

frequency: 7.9185e+08 frequency: 7.9285e+08 vfrequency: 8.0115¢+08

dbS21: -1.6063 dbS21: -1.0636 | |dbS21:-0.92983
10
0+ -
101
20 frequency: 7,90859+08A frequency: 7.96e+08
dbS21: -5.0638 dbS21: -0.66464
g 30
w
§ -40
c frequency: 7.9015e+08
£ -507 dbS21: -72.333
D
2 60+
-70+
-80+
-90+
-190 - t ¢ i I
8e08 7.84e08 7.88e08 7.92¢08 7.96e08 8e08 8.04e08
Frequency (Hz)
Notes:
e 5.1dB worst case insertion loss at lower band edge
e 1.6dB insertion loss achieved 1MHz into passband
e 1.1dB insertion loss achieved 2MHz into passband
e Approximate filter size: 210 x 210 x 75mm
[ ]

Price indication: £330 (1k volumes), £250 (10k volumes)
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2.1.2.2 57dB Attenuation Required

frequency: 7.9185e+08| | frequency: 7.9285e+08 frequency: 8.0115e+08

dbS21: -1.3973 dbS21: -0.95314 | dbS21:-0.87182
107
0+ -
-107 frequency: 7.9085e+08 : ‘
20 dbS21: -3.6748 frequency: 7.96e+08|
' B ' ' dbS21: -0.62551
g -307
w
g w0 ,
c frequency; 7.9015e+08
£ 907 dbS21: -60.961
(7]
2 -60+
70+
-80+
90+
-190 1 T
.8e08 7.84e08 7.88e08 7.92¢08 7.96e08 8e08 8.04e08
Frequency (Hz)
Notes:
e 3.7dB worst case insertion loss at lower band edge
e 1.4dB insertion loss achieved 1MHz into passband
e 1.0dB insertion loss achieved 2MHz into passband
e Approximate filter size: 210 x 210 x 75mm
[ ]

Price indication: £330 (1k volumes), £250 (10k volumes)
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2.1.2.3 47dB Attenuation Required

frequency: 7.9185e+08| | frequency: 7.9285e+08 frequency: 8.0115e+08

dbS21: -1,1223 dbS21: -0.76943 | dbS21:-0.59744
107
0 4
-107 \frequency: 7.9085e+08 | : ‘
20+ dbS21: -2.8648 frequency: 7.96e+08|
o o ' dbS21: -0.47937
Q .30+ : .
@ | frequency: 7.9015e+08
S -401 dbS21: -50.592
c
S -50+
S =l
£ -60-+
70+
-80+
90+
-190 1 T
.8e08 7.84e08 7.88e08 7.92¢08 7.96e08 8e08 8.04e08
Frequency (Hz)
Notes:
e 2.9dB worst case insertion loss at lower band edge
e 1.1dB insertion loss achieved 1MHz into passband
e 0.8dB insertion loss achieved 2MHz into passband
e Approximate filter size: 210 x 210 x 75mm
[ ]

Price indication: £330 (1k volumes), £250 (10k volumes)
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2.1.2.4 37dB Attenuation Required

frequency: 7 9085e+08| |frequency: 7.91 85e+08| frequency: 8.0115e+08

10
O 4
-10+1 ‘
frequency: 7.9015e+08 ( |
20 |dbS21: -43.322 frequency: 7.96e+08
: ' dbS21:-0.43125
g -30+
w
& -40+
-l
c
S -50+
2
£ -60+
-70+
-80+
-90+
-190 1 T
.8e08 7.84e08 7.88e08 7.92e08 7.96e08 8e08 8.04e08
Frequency (Hz)
Notes:
e 2.6dB worst case insertion loss at lower band edge
e 1.0dB insertion loss achieved 1MHz into passband
e Approximate filter size: 140 x 280 x 75mm
[ ]

Price indication: £310 (1k volumes), £240 (10k volumes)
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2.1.2.5 27dB Attenuation Required

'ffequency' 7.9085e+08| |frequency: 7.9185e+08 | "frequency: 8.0115e+08]
dbS21: -1.7879 |dbS21: -0.79327 |dbS21: -0.49242

frequency: 7.9015e+08| ¢ : :
dbS21: -29 216 ] |frequency: 7.96e+08|
— = {dbS21: -0.38876

Insertion Loss (dB)

-100 } } | } |
9 8e08 7.84e08 7.88e08 7.92e08 7.96e08 8e08 8.04e08
Frequency (Hz)

5e-07

4 5e-071 , r : 3
| frequency: 7.9085e+08
4e-07+ || delay: 4.0796e-07

3.5e-07r

3e-07+

[trequency: 7.9105e+08
2.5e-07+ \ |delay: 3.1773e-07

2e-07+

Group Delay (s)

‘ frequency: 7.97e+08
15e-07T N delay: 8.51e-08

1e-07 - 3 “--,_4_7 = - - v 4

5e-08+ 2T

0 : : ¢
7.8e08 7.84e08 7.88e08 7.92e08 7.96e08 8208 8.04e208
Frequency (Hz)

Notes:

e 1.8dB worst case insertion loss at lower band edge
0.8dB insertion loss achieved 1MHz into passband
EVM = 11% over worst case 3.84MHz
Group delay variation = 91ns over worst case 200kHz
Approximate filter size: 140 x 280 x 75mm
Price indication: £310 (1k volumes), £240 (10k volumes)
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e For reasons given in section 1.2 only metallic ‘combline’ filters are
considered in this report. However more complex state of the art ceramic
filters could improve this performance and reduce the band edge insertion
loss to approximately 0.6dB. Size and price would be two to three times
that of a standard filter

2.1.2.6 17dB Attenuation Required

ffequency:? 9085e+08| 3frequency‘ 7.9185e+08| -fr_éaae_rié]}'_énﬁi 15e+08 |
dbS21: -1.2162 | |dbs21:-0.54831 _QD821, -0.28776

[trequency: 7.9015e+08)|
|dbS21: -19.426 \

220+ —— 'frequency' 7.96e+08|

|dbs21:-0.26378 |

Insertion Loss (dB)

-1 + + t t t ]
908e08 7.84e08 7.88e08 7.92e08 7.96e08 8208 8.04e08
Frequency (Hz)

5e-07 :
4.5e-07+ —
frequency: 7.9085e+08 |

4e-07+ (- {delay: 2.77e-07
3.5e-07+ |

3e-07+

‘ frequency: 7.9105e+08
2.5e-07+ \ |delay: 2.1757e-07

Group Delay (s)

2e-07+

|trequency: 7.97+08)|
1.5e-071 - ' |delay: 5.56e-08

1e-07+

5e-08+ N T =

7%e08 7.84e08 7.88e08 7.92e08 7.96e08 8e08 8.04e08
Frequency (Hz)

Notes:

e 1.2dB worst case insertion loss at lower band edge
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0.5dB insertion loss achieved 1MHz into passband

EVM = 7.5% over worst case 3.84MHz

Group delay variation = 60ns over worst case 200kHz

Approximate filter size: 140 x 210 x 75mm

Price indication: £290 (1k volumes), £210 (10k volumes)

For reasons given in section 1.2 only metallic ‘combline’ filters are
considered in this report. However more complex state of the art ceramic
filters could improve this performance and reduce the band edge insertion
loss to approximately 0.4dB. Size and price would be two to three times
that of a standard filter

2.1.2.7 7dB Attenuation Required
frequency: 7.9085e+08| |frequency: 7.9185e+08| frequency: 8.0115e+08
dbS21: -0.75707 |dbS21: -0.39071 dbS21: -0.25212
10
0+ frequency. 7.9015e+08 |
dbS21: -10.234
-10
20 frequency: 7.96e+08
- dbS21: -0.21792
%’ -30T
&
8 -40
S .50
s
£ B0t
-70
-804-
90+
-'190 | | | } |
8e08 7.84e08 7.88e08 7.92e08 7.96e08 8e08 8.04e08

Frequency (Hz)
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5e-07
4 5e-07
freguency: 7.9085e+08
4e-07 ‘ |delay: 1.7417e-07
3.5e-07
=
> 3071
@ frequency: 7.9105e+08
a 2.5e-07 delay: 1.4126e-07
S
S 2e-07
frequency. 7.97e+08 ‘
1.5e-07 . | delay: 4.75e-08 1
1e-07
5e-08 | ——— e 0 e
0—7—"7’ - — —— — T ~1
7.8e08 7.84e08 7.88e08 7.92e08 7.96e08 8e08 8.04e08
Freguency (Hz)
Notes:

e 0.8 dB worst case insertion loss at lower band edge

0.4 dB insertion loss achieved 1 MHz into Passband

EVM = 4.4% over worst case 3.84MHz

Group delay variation = 34ns over worst case 200kHz

Approximate filter size: 100 x150 x 75 mm

Price indication: £275 (1k volumes), £200 (10k volumes)

For reasons given in section 1.2 only metallic ‘combline’ filters are
considered in this report. However more complex state of the art ceramic
filters could improve this performance and reduce the band edge insertion
loss to approximately 0.3dB. Size and price would be two to three times
that of a standard filter
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2.1.3 OMHz Guard Band Filter Performance

2.1.3.1 67dB Attenuation Required

frequency: 7.9185e+08 frequency: 7.9285e+08 vfrequency: 8.0015¢+08

dbS21: -1.6328 dbS21: -1.0892 | |dbS21: -0.92057
10
0+ =
10—+ frequency: 7.90856*08>
dbS21: -5.0091
-20+ ' ‘ \frequency: 7.95e+08
8 30 frequency: 7.9035e+08 goel0.197102
= dbS21: -45.311
§ -40
c frequency: 7.9015e+08
£ -507 dbS21: -72.727
D
2 60+
70T -
-80+
-90+
-190 ~ ; ¢ i i
8e08 7.84¢08 7.88e08 7.92¢08 7.96e08 8e08 8.04608
Frequency (Hz)
Notes:
e 45dB insertion loss achieved 0.5MHz into passband
e 5.0dB insertion loss achieved 1MHz into passband
e 1.6dB insertion loss achieved 1.5MHz into passband
e 1.1dB insertion loss achieved 0.5MHz into passband
e Approximate filter size: 210 x 210 x 75mm
[ ]

Price indication: £330 (1k volumes), £250 (10k volumes)
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2.1.3.2 57dB Attenuation Required

frequency: 7.9185e+08| |frequency: 7.9285e+08 frequency: 8.0015e+08

dbS21: -1.4071 dbS21: -0.96774 | dbS21:-0.85899
107
0 4
10+ frequency: 7.9085e+08|
dbS21: -3.5795 L
-20+ . — ' frequency: 7.95e+08
o 30+ frequency: 7.9035¢+08 ghoei: 08811
= dbS21: -28.966
§ -404 '
c frequency; 7.9015e+08
£ 907 dbS21: -59.895
(7]
£ 60+
70+
-80+
90+
-190 —+ 1 T
.8e08 7.84e08 7.88e08 7.92e08 7.96e08 8e08 8.04e08
Frequency (Hz)
Notes:
e 29dB insertion loss achieved 0.5MHz into passband
e 3.6dB insertion loss achieved 1MHz into passband
e 1.4dB insertion loss achieved 1.5MHz into passband
e 1.0dB insertion loss achieved 0.5MHz into passband
e Approximate filter size: 210 x 210 x 75mm
[ ]

Price indication: £330 (1k volumes), £250 (10k volumes)
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2.1.3.3 47dB Attenuation Required

frequency: 7.9185e+08| |frequency: 7.9285e+08 frequency: 8.0015e+08

dbS21: -1.2401 dbS21: -0.87472 | dbS21:-0.80344
107
0 4
frequency: 7.9085e+08
107 |dbs21: -2.904
201 frequency: 7.9035¢+08 gsg;?%’:ezg:gms
@ 30! dbS21: -17.435 T S
<
?
g -401 frequency: 7.9015e+08
c dbS21: -51.062
S -50+ :
2
£ -60+
70+
-80+
90+
-190 —+ 1 T
.8e08 7.84e08 7.88e08 7.92e08 7.96e08 8e08 8.04e08
Frequency (Hz)
Notes:
e 17dB insertion loss achieved 0.5MHz into passband
e 2.9dB insertion loss achieved 1MHz into passband
e 1.2dB insertion loss achieved 1.5MHz into passband
e 0.9dB insertion loss achieved 0.5MHz into passband
e Approximate filter size: 210 x 210 x 75mm
[ ]

Price indication: £330 (1k volumes), £250 (10k volumes)
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2.1.3.4 37dB Attenuation Required

frequency: 7.00856+08| | frequency: 7.9185e+08| frequency: 8.0015e+08

107
0 4
-101 frequency: 7.9035e+08
dbS21:-11.415 L
-20+ frequency: 7.95e+08
@ a0l frequency: 7.9015e+08 (dbS21: -0.49284
2, " |dbS21: -40.893
= ‘
& -40+
-l
c
g 50+
2
£ -60-+
70+
-80+
90+
-190 1 T
.8e08 7.84e08 7.88e08 7.92¢08 7.96e08 8e08 8.04e08
Frequency (Hz)
Notes:
e 11dB insertion loss achieved 0.5MHz into passband
e 2.3dB insertion loss achieved 1MHz into passband
e 1.0dB insertion loss achieved 1.5MHz into passband
e Approximate filter size: 140 x 280 x 75mm
[ ]

Price indication: £310 (1k volumes), £240 (10k volumes)
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2.1.3.5 27dB Attenuation Required

frequency: 7.90856+08| |frequency: 7.9185e+08| frequency: 8.0015e+08

107
0 4
-101 frequency: 7.9035e+08
dbS21: -9.7517 L
-20+ ' frequency: 7.95e+08
= 'dbS21: -0.43372
g -30+ = e
w
8 -40+
-l
c
S -50+
2
£ -60+ —
frequency: 7.9015e+08
707 |dbS21: -32.887
-80+
90+
-190 1 T
.8e08 7.84e08 7.88e08 7.92¢08 7.96e08 8e08 8.04e08
Frequency (Hz)
Notes:
e 10dB insertion loss achieved 0.5MHz into passband
e 1.8dB insertion loss achieved 1MHz into passband
e 0.8dB insertion loss achieved 1.5MHz into passband
e Approximate filter size: 140 x 280 x 75mm
[ ]

Price indication: £310 (1k volumes), £240 (10k volumes)

Duncan Austin Page 30 of 79 15/10/09



Isotek Electronics Ltd

2.1.3.6 17dB Attenuation Required

frequency: 7.90856+08| |frequency: 7.9185e+08| frequency: 8.0015e+08

107
0 4
frequency: 7.9035e+08
10T Idbs21:-5.9414
-20+ - 'f.requency: 7.95e+08
= / 'dbS21: -0.29692
g -30- = T
w
8 -40+
-l
c
S -50+
@
2 -60+ —s
frequency: 7.9015e+08
707 |dbS21: -23.687
-80+
90+
-190 1 T
.8e08 7.84e08 7.88e08 7.92¢08 7.96e08 8e08 8.04e08
Frequency (Hz)
Notes:
e 6dB insertion loss achieved 0.5MHz into passband
e 1.2dB insertion loss achieved 1MHz into passband
e 0.5dB insertion loss achieved 1.5MHz into passband
e Approximate filter size: 140 x 210 x 75mm
e Price indication: £290 (1k volumes), £220 (10k volumes)
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2.1.3.7 7dB Attenuation Required

frequency: 7.9085e+08| | frequency: 7.9185e+08| frequency: 8.0015+08

107
| frequency: 7.9035e+08
| dbS21: -2.6954

-107

-20+ : : 'f.requency: 7.95e+08
& 'dbS21: -0.23467
T -30+ — —
72
8 -40+
-d
=
L2 -50+
§ | frequency: 7.9015e+08
g dbS21: -8.7855

70+

-80+

90+

-190 1 T
.8e08 7.84e08 7.88e08 7.92e08 7.96e08 8e08 8.04e08
Frequency (Hz)
Notes:

e 2.7 dB insertion loss achieved 0.5 MHz into passband
0.7 dB insertion loss achieved 1 MHz into passband

0.4 dB insertion loss achieved 1.5 MHz into passband
Approximate filter size: 100 x 150 x 75 mm

Price indication: £275 (1k volumes), £205 (10k volumes)
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2.1.4 Summary (790 — 862MHz)

The table below summarises the data presented in sections 2.1.1 to 2.1.3. Data
in bold indicates where design goals were not met through the use of the high-Q
metallic cavity filter technology under consideration.

Filter Description | Band Edge Loss Approx. size Approx. price for | Approx. price for
(dB) (mm) 1k volumes (£) 10k volumes (£)
2MHz
Guardband
67dB attenuation 1.7 210x210x 75 330 250
57dB attenuation 14 140 x 280 x 75 310 240
47dB attenuation 1.1 140 x 280 x 75 310 240
37dB attenuation 1.0 140 x 280 x 75 310 240
27dB attenuation 0.9 120 x 180 x 75 250 200
17dB attenuation 0.9 100 x 150 x 75 230 180
7dB attenuation 0.6 100 x 130 x 75 215 170
1MHz
Guardband
67dB attenuation 5.1 210x210x 75 330 250
57dB attenuation 3.7 210x210x 75 330 250
47dB attenuation 2.9 210x210x 75 330 250
37dB attenuation 2.6 140 x 280 x 75 310 240
27dB attenuation 1.8 140 x 280 x 75 310 240
17dB attenuation 1.2 140 x 210 x 75 290 220
7dB attenuation 0.8 100 x 150 x 75 230 180
OMHz
Guardband
67dB attenuation 45 210x210x 75 330 250
57dB attenuation 29 210x210x 75 330 250
47dB attenuation 17 210x210x 75 330 250
37dB attenuation 11 140 x 280 x 75 310 240
27dB attenuation 10 140 x 280 x 75 310 240
17dB attenuation 6 140 x 210 x 75 290 220
7dB attenuation 2.7 100 x 150 x 75 230 180
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2.2 DVB-T Critical and Non-Critical Masks (790-862MHz band)

Table 2 contained in the study objectives in Appendix 2 shows terrestrial Digital
Video Broadcasting (DVB-T) critical and non-critical spectrum masks. As per
section 2.1 it is assumed that the LTE SEM has been met by the base-station,
giving a level of +8dBm at band edge. Although this level changes slightly as the
mask moves away from band edge, for this study it is assumed to be +8dBm
across the stopband. Hence each filter must provide sufficient attenuation to
reduce power from +8dBm to the DVB-T critical and non-critical spectrum mask
requirements. This results in the following filtering requirements:

Frequency (MHz) Filter attenuation required | Filter attenuation required —
— critical case (dB) non critical case (dB)
784 51.2 41.2
787 38.7 28.7
790 26.2 16.2
791 19.5 9.5

Each filter is designed to achieve the required attenuation with a reasonable
production margin. A frequency shift of 150kHz over the operational temperature
range is assumed, which can be seen in the offsets of the passband and
stopband frequency markers. Each filter is designed to achieve <1dB insertion
loss worst case over the passband. Where this is not achievable the plot shows
at what frequency this insertion loss is achieved (loss is minimum in the middle of
the passband and increases toward each band edge).

The following figures show details of the estimated achievable performance,
along with the estimated size and price indication.
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2.2.1 2MHz Guard Band Filter Performance

2.2.1.1 DVB-T Ciritical Mask

frequency: 7.9185e+08 -frequency: 8.0215e+08
dbS21: -1.0691 dbS21: -0.64494
10
ol | frequency: 7.9015e+08
|dbS21: -29.718 . G i
-10+
frequency: 7.894e+08 frequency: 7.97e+08!

o dbS21: -30.658 dbS21: -0.48831
g -30+
w
2 .40+
-
c
S -50+
2
£ 60T

oT | frequency: 7.849e+08

80+ |dbS21: -47.804

90+

-190 t 3 ? t t t
.8e08 7.84e08 7.88e08 7.92e08 7.96e08 8e08 8.04e08
Frequency (Hz)
Notes:

e 1.1dB worst case insertion loss at lower band edge
e Approximate filter size: 140 x 280 x 75mm
e Price indication: £310 (1k volumes), £240 (10k volumes)
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2.2.1.2 DVB-T Non-Critical Mask

‘frequency: 7.9185e+08 —ffequency: 8.0215e+08
dbS21: -0.89909. dbS21: -0.62718
10
ol |frequency: 7.9015e+08 v
|dbS21: -20.724 . [ ol i T
-101
frequency: 7.88e+08 frequency: 7.97e+08|
207 |dbs21: -31.335 |dbS21: -0.46815
%, -30+
w
& -40+
-
c
2 -50+ — S e
T
?
£ -60+
ToT | frequency: 7.83e+08
80+ |dbS21: -49.585
90+
-100+ : t
9.08e08 7.84e08 7.88e08 7.92e08 7.96e08 8e08 8.04e08
Frequency (Hz)
Notes:

e 0.9dB worst case insertion loss at lower band edge
e Approximate filter size: 120 x 180 x 75mm
e Price indication: £250 (1k volumes), £200 (10k volumes)
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2.2.2 1MHz Guard Band Filter Performance

2.2.2.1 DVB-T Critical Mask

Insertion Loss (dB)

-100+

frequency: 7.9185e+08
dbS21: -1.5262

frequency: 7.9285e+08
dbS21: -0.8464

frequency: 8.0215e+08
dbS21: -0.7294

10

frequency: 7.9115e+08|

dbS21: -20.653
-10+
frequency: 7.9015e+08
207 dbs21: -27.127
-307 frequency: 7.88e+08

40+ dbS21: -45.873

-50+
60+
-70+
-80—+ |dbS21: -56.674

90+

808 7.84e08

Notes:

Duncan Austin

7.88¢08

frequency: 7.97e+08]
|dbS21: -0.50643

' frequency: 7.83e+08

7.92¢08
Frequency (Hz)

140 x 280 X 75mm

Page 37 of 79

7.96e08

808 8.04608

1.5dB worst case insertion loss at lower band edge
0.8dB insertion loss achieved 1MHz into passband
Approximate filter size:
Price indication: £310 (1k volumes), £240 (10k volumes)

15/10/09



Isotek Electronics Ltd

2.2.2.2 DVB-T Non-Critical Mask

[frequency: 7.9115e+08|  |frequency: 7.9185e+08 frequency: 8.0215e+08

dbS21: -11.856 (dbS21: -1.1111 (dbS21: -0.49948
10
ol frequency: 7.9015e+08 |
|dbS21: -17.553 T a e R
-10 +

-20+ frequency: 7.869“‘08; 'dbS21: -0.38432

“ frequency: 7.97e+08

= dbS21: -42.2
g 30+
w
8 -40+
-4
c
S -50+
=
(7]
£ .60+
70+
80+ 'frequenby: 7.83e+08
|dbS21: -45.674
-90+
-190 : f t
.8e08 7.84e08 7.88e08 7.92e08 7.96e08 8e08 8.04e08
Frequency (Hz)
Notes:
e 1.1dB worst case insertion loss at lower band edge
e Approximate filter size: 140 x 280 x 75mm
e Price indication: £310 (1k volumes), £240 (10k volumes)
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2.2.3 Summary (DVB-T Critical and Non-Critical Masks / 790-862MHz band)

The table below summarises the data presented in sections 2.2.1 to 2.2.2. Data
in bold indicates where design goals were not met through the use of the high-Q
metallic cavity filter technology under consideration.

Filter Description | Band Edge Loss Approx. size Approx. price for | Approx. price for
(dB) (mm) 1k volumes (£) 10k volumes (£)
2MHz
Guardband
Critical mask 1.1 140 x 280 X 75 310 240
Non-critical mask 0.9 120 x 180 x 75 250 200
1MHz
Guardband
Critical mask 1.5 140 x 280 x 75 310 240
Non-critical mask 1.1 140 x 280 x 75 310 240

2.3 Conclusions

Simulations show that with the use of the high-Q metallic cavity filter technology
under consideration, less than 1dB passband insertion loss can be achieved in
four out of the seven 2MHz guardband cases, and in one out of the seven 1MHz
cases. None of the OMHz guardband cases achieve acceptable performance.
DVB-T non-critical masks could be met, with filters for critical masks having
slightly high insertion loss compared to the design goals. Hence using either a
2MHz or 1MHz guardband would be reasonably practical.

Filters would be comparable in size to ‘standard’ GSM900 filtering equipment
currently used in the field. It can be seen that filters that achieve higher levels of
attenuation are larger than those with less stringent attenuation requirements.
These 790MHz filters are also larger than would be seen in higher frequency
systems i.e. GSM1800 and UMTS, as some aspects of the filter dimensions are
related to the wavelength of the signal, which reduces as the frequency

increases.

Duncan Austin
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3 872to 876 MHz paired with 917 to 921MHz Frequency Band

Ofcom is undergoing consultation on the release of spectrum in the bands
872MHz to 876MHz paired with 917MHz to 921MHz. The RF services for use in
these bands are at present undefined, but one option is for FDD applications.

Filtering may be required to prevent interference between this new service and
the existing service in the paired bands 880MHz to 915MHz and 925MHz to
960MHz. These bands are currently used by GSM services, but may be used for
other services in the future.

The following filters are considered:

e Filtering to be added to existing base stations to prevent interference from
transmitted power in the range 917MHz to 921MHz;

e Filtering required by the new systems for both receive (RX) and transmit
(TX) channels to ensure sufficient TX to RX isolation, and to prevent
interference from transmitted power in the range 925MHz to 960MHz

The following figures show details of the estimated achievable performance
based on a number of assumptions (stated in each section), along with size and
price indication.
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3.1 Filters for existing Base Station Receive equipment

Transmitted powers in the range 917MHz to 921MHz have the potential to
interfere into cellular base station receivers operating in the frequency band 880-
915 MHz. To minimise this potential for interference two filter options are
considered — a bandpass filter, which passes a specific range of frequencies and
attenuates all others, and a bandstop filter, which attenuates a specific range of
frequencies and passes all others.

3.1.1 Bandpass Filter for Existing System

Passband 880-915 MHz, stopband 917-921 MHz

This filter could be positioned between the diplexing junction and the receiver
chain. Three designs were considered, each with various levels of attenuation of
the band 917-921MHz. A frequency shift of +150kHz over the operational
temperature range is assumed, and this can be seen in the offsets of the
passband and stopband frequency markers. For each filter the resultant worst-
case insertion loss, group delay variation over 200kHz, and EVM over one
mobile channel is shown (see appendix 3 for background on EVM).

EVM is not calculated in cases where the result would be far outside acceptable
limits. For example, 3GPP specify that the total EVM of a UMTS basestation
transmitter must not be more than 17.5% EVM for QPSK modulation, or 12.5%
for 16QAM modulation. As the filter is one of many components that will
contribute to the overall EVM, we assume that its performance must be
significantly better than the overall requirement. It should be noted that the EVM
performance may well be improved through equalisation technigues, which was
outside the scope of this study.

It is noted from the channel arrangement for UMTS (ETS 125 104) that the
highest frequency UMTS channel extends from 909.9 to 914.9MHz, which would
give an additional 100kHz guard band between the award band and a UMTS
base station receiver. This additional 100kHz guard band was not taken into
account within the results of base station filtering presented in this document.
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DIFLEXING

Fy

JUNCTION

PROPOSED
BANDPASS
FILTER

RECEIVER
CHAIM

TRANSMITTER
CHAIM

Block diagram

3.1.1.1 60dB Attenuation

ﬁ?eﬁeﬁf:f 8.7985e+08 frequency: 9.1515e+08
|dbS21: -0.16811 |dbS21: -1,6981

Insertion Loss (dB)

-80+
90T

1%e0s

frequency: 9.1685e+08
dbS21: -65,789

| + [ |
8 8e08 8.9e08 9e08 9. 1e08
Frequency (Hz)
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5e-07
4 5e-07+ ,
e frequency. 9.1515e+08
4607+ | delay: 3.3828e-07
3 5e-07-+ 7 7
— frequency: 9.1495e+08 |
z Rel7T |delay: 2.857e-07
8 25e-07+
S
(% 2e-07+ ;frequency. 8.9e+08
|delay: 2.8589¢-08 |
1.5e-07+
1e-07+ /
5e08+ e
8%c08 8.8e08 8.9208 9e08 9.1e08 9.2e08 9.3e08
Frequency (Hz)
Notes:
e 1.7dB worst case insertion loss at lower band edge
e EVM =12.6% over worst case 3.84MHz
e Group delay variation = 54ns over worst case 200kHz
e Approximate filter size: 140 x 280 x 75mm
[ ]

Price indication: £370 (500-off volumes), £310 (1k volumes)
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3.1.1.2 50dB Attenuation

frequency: 8.7985e+08| frequef\cy: 9.1515e+08
L@ZV -0.19524 | dbS21: -1,2866

10
0+ i =
.’/ |
-107 frequency: 9.2115e+08
201 ifrequency: 9.1685e+08 db521::50.912
g 551 |dbS21: -53.13 | : ‘
2 40l A —
b | /
c \ |/
S -507 AT
€ 80+ = B
-70-_
-80+
00+
-1 } t t ;
8Yeos 8.8e08 8.9e08 9e08 91208 9.2¢08 9.3e08
Frequency (Hz)
S5e-07 —
4 5e-07+
frequency: 8.1515e+08
4e-07+ delay: 2.5474e-07
|
3.5¢-07+ 5 ‘
) 3e-07-- ifrequency' 0.1495e+08| 3 |
Ey |delay: 2214907 | .
8 2.5e-07+ e |
& 2e-07+ ifrequency; 8.9005e+08 | !
|delay: 2.83e-08 |
1.5e-07+ , |
1e-07+ 7 /"‘
/
5e-08+ / ot -
B . "/ e 5
I\ —~———l
8%e08 8.8e08 8.9e08 9e08 9.1e08 9.2e08 0.3608
Frequency (Hz)
Notes:
e 1.3dB worst case insertion loss at lower band edge
e EVM =9.7% over worst case 3.84MHz
e Group delay variation = 34ns over worst case 200kHz
e Approximate filter size: 140 x 280 x 75mm
e Price indication: £370 (500-off volumes), £310 (1k volumes)

Duncan Austin Page 44 of 79 15/10/09



Isotek Electronics Ltd

3.1.1.3 40dB Attenuation

‘ ?requér;c_};??img;@1

frequency: 8.7985e+08
| dbS21: -0.97944

|dbS21: -0.18406

10
04_ — —
A0 ,
frequency: 9.2115e+08
=20+ frequency: 9.169e+08, dbS21: "”{1 32
g -0 |dbS21: -42.231 '
® 2~ 1
& -40 ! / '
9 ‘.
S -50-
ﬁ )
£ -60 |
70+
-80
-90_-
-190, 4 - be- s — ‘
.7e08 8.8e08 8.9e08 Se08 9.1e08 92e08 9.3e08
Frequency (Hz)
S5e-07
45607 frequency: 9.1515e+08)|
4e-07+ delay: 1.9538e-07
3.5e-07 1 = ————
- frequency: 9.1495e+08 .
% 3e-07+ delay: 1.7235e-07
8 2.5e-07+ f
o .
S 2e-07+ frequency: 8.9005e+08 |
delay: 2.6641e-08 | y
1.5e-07 1 7 f
1e-07+ / //
Se-08T / A
6% e0s 8.808 8.9¢08 908 9.1e08 9.2¢08 9.3608
Frequency (Hz)
Notes:
e 1.0dB worst case insertion loss at lower band edge
e EVM =7.5% over worst case 3.84MHz
e Group delay variation = 24ns over worst case 200kHz
e Approximate filter size: 140 x 280 x 75mm
e Price indication: £370 (500-off volumes), £310 (1k volumes)
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3.1.2 Band stop filter
Stopband 917-921 MHz

This filter could be positioned between the antenna and the diplexing junction.
The design shown attenuates the band 917-921MHz by 50dB. A frequency shift
of +150kHz over the operational temperature range is assumed, and this can be
seen in the offsets of the passband and stopband frequency markers.

PROPOSED
BANDSTOP
FILTER

-~

DIPLEXING
JUNCTION

RECEIVER TRANSMITTER
CHAIN CHAIN

Block diagram
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frequency: 8.1515e+08

dbS21: -0.98966

frequency: 9,2485e+08 |
dbS21: -0.29128

|frequency: 9.17e+08
{dbS21: -49.909

Insertion Loss (dB)

frequency: 9.21e+08
dbS21: -49.854

S5e-07

9.05e08

9.15e08
Frequency (Hz)

9.1e08

9.2¢08

9.25¢08

9.3e08

4 5e-07—+

, 4e-07+
|frequency: 9.0785e+08|
|delay: 1.3628e-08

frequency: 9.147e+08|

L 30074 delay: 1.335¢-07 .
3 \ '
0 1
O 25007+
S } ‘ \
8 2e-07+ frequency: 9.2485e+08|
(elay: 5.7669e-08
1.5e-07+ ' /
{ g frequency: 9.2875e+08
1e-07+4 / o delay: 1.812e-08
."" L X \
5e-08—!- : 74 i %
— | | | G
"‘"—————T i l l ll i R
Seoe 9.05e08 9.1e08 9.15e08 9.2e08 9.25e08 9.3e08

Notes:
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1dB worst case insertion loss over band 880MHz to 915MHz
0.3dB worst case insertion loss over band 925MHz to 960MHz
EVM = 8.2% over worst case 3.84MHz

Group delay variation = 24ns over worst case 200kHz
Approximate filter size: 140 x 280 x 75mm
Price indication: £370 (500-off volumes), £310 (1k volumes)
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3.2 Possible Filters for a New System operating in the bands 872-876 MHz
& 917-921 MHz

3.21 RX

This filter is required to pass the receive band 872- 876MHz with minimum
insertion loss while providing over 85dB of isolation from its paired transmit
channel, 917-921 MHz. In addition the filter must also provide high attenuation to
base station transmitters over the EGSM transmit band 925-960 MHz

Given the absence of close-in attenuation requirements the design passband can
be widened to reduce the filter complexity & setting tolerances, as reflected in the
frequency shift provision of +1MHz.

frequency: 8.71e+08 | frequency: 8.77e+08|
dbS21: -0.4699 ‘db821: -0.49347

('p) r'\)
o o
) 1
T =]

b
i

frequency: 9.16e+08
'dbS21: -86.437

n
o
|

Insertion Loss (dB)

~

o
:
1

-90 o ——

-100 } f } ; 4 :
gGeOB 87e08 8.8e08 8.9e08 9e08 9.1e08 9.2e08 9.3e08 9.4e08
Frequency (Hz)
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1e-07

9e-08 {4 H frequency: 8.77e+08|
‘ (|| delay: 7.1138e-08

8e-08

76081 |\ /=

frequency: 8.768e+08|
delay: 7.0256e-08

Group Delay (s)
[8.)
@
S
w

1e-08+ \\-

—_

[———

8%e08 57508 58008 89608  9s08 91608 92508 93608  9.4e08
Frequency (Hz)

Notes:

0.5dB worst case insertion loss over band 872MHz to 876 MHz
EVM = <1% over worst case 3.85MHz

Group delay variation = 1ns over worst case 200kHz
Approximate filter size: 110 x 110 x 75mm

Price indication: £280 (500-off volumes), £230 (1k volumes)
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3.2.2 Transmit Filter

This filter must have a minimum insertion loss over the transmit band 917-
921MHz and provide 85dB of isolation from its paired receive channel, 872-876
MHz. It must also attenuate the EGSM transmit band 925-960 MHz, and receive
band 880-915 MHz to minimise the potential for out of band emissions in
interfering with the EGSM system. A frequency shift of +£150kHz over the
operational temperature range is assumed, and this can be seen in the offsets of
the passband and stopband frequency markers.

frequency: 9.1685e+08)| ‘frequency: 9.2115e+08
dbS21: -1.6882 _QDSZ1 -0.99055

10

10+

20 frequency: 9.1515e+08
=1 9b821t -51.542
=304 o I | I
frequency: 9.2485e+08 |
40+ dhS21. -25:608

-501

Insertion Loss (dB)

-60+

-70

90+

-100- ! = } } :
8064308 8.7e08 8.8e08 8.9e08 9e08 91e08 92e08 93e08 9.4e08
Frequency (Hz)
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1e-06

9e-07+

8e-07 |frequency: 9.1685e+08| |
delay: 3.3403e-07

o o |delay: 3.3403e

frequency: 9.1705e+08|
delay: 2.9892e-07

Group Delay (s)
(&)
@
=)
~

4e-07
3e-07+
2e-07+ \_LA

1e-07

.'\___

—_—

4
9.2e08 9.3e08 9.4e08

0 ; ' )
8.6e08 87e08 8.8e08 8.9e08 9e08 9.1e08
Frequency (Hz)

Notes:
e 1.7dB worst case insertion loss over band 917MHz to 921MHz
e EVM = 8% over worst case 3.85MHz
e Group delay variation = 35ns over worst case 200kHz
e Approximate filter size: 140 x 210 x 75mm
e Price indication: £350 (500-off volumes), £290 (1k volumes)

3.3 Conclusions (872 to 876 MHz / 917 to 921MHz bands)

Simulations have been presented for possible filtering designs to minimise the
potential for interference to existing EGSM900 systems from transmit signals in
the range 917MHz to 921MHz. Of these the bandstop filter designs seems more
favourable than the corresponding bandpass filter designs. Electrical
performance is better, and implementation would be easier as it can be fitted
between the existing basestation and antenna. In contrast, the bandpass solution
would need to be positioned within the receive chain of the existing basestation.

Receive and transmit filters for base-station installations in the 872-876MHz / 917

— 921 MHz bands are shown as feasible and are considered of reasonably
simple design.
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4 Filtering Requirement options in the 2700MHz to 3100 MHz
Band

A number of Civil and MoD radars currently deployed within the UK in the 2700-
3100MHz band may well receive interference when the 2.6GHz spectrum is
made available for new RF applications due to inadequate selectivity
performance of radar receivers. In such cases receiver filtering at the radar may
be required to improve the selectivity performance of radar and reduce the
possibility of receiving transmissions originating within adjacent bands. Filter
designs are presented for the following nine combinations of passband relative to
overall operating band:

Pass band (MHz)
100 200 300

10| 2750 2800 2850

Frequency 30| 2770 2820 2870
offset (in
MHz) to
2690 MHz 60| 2800 2850 2900

The filters are designed to comply with a linearity spec of 0.4°/MHz over any
10MHz region of the pass band, and the resultant attenuation achievable is
shown. A frequency shift of £500kHz over the operational temperature range is
assumed, which is indicated in the offsets of the passband and stopband
frequency markers. It should be noted the target phase linearity and minimum
attenuation parameters were based on requirements proposed by a radar
manufacturer for a single older radar type. As such, they may not be applicable
as target filter design objectives for other types of radar which may require more
stringent phase and/or attenuation requirements, or have other technical
considerations such as group delay that might need to be taken into account in
the design of filters. It should also be noted a frequency shift allowance of less
than this amount would be difficult to achieve at these frequencies and
bandwidths.

In addition to the nine combinations shown above, a possible parallel filter design
is shown. This comprises two 10MHz wide filters in a parallel configuration
separated by 50MHz.

Note: In some cases the linearity specification cannot be met with the high-Q

metallic filter designs under consideration. These cases are denoted in bold in
the notes section below each graph.
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4.1 10MHz Frequency Offset

4.1.1 300MHz Bandwidth

'f}équéhrcy: 2850409
‘dbSZI: -0.04444

frequency. 2.69952+09
dbS21: -0.26721

'fréquenéyf 3.0005e+09
|dbS21: -0.05959

(seaubap) aseyd sesu)| woy vogeineq

10+
0+ -
'frequency' 2.6905e+09 |
|dbS21: -23.106
-20+
g -304 |
% w0f
S 50+ |
=
)
€ -60+
70+
-80+
90~
-120 4 + t ¢ ;
4e09 25609 26e09 27e09 28e09 29e09 3e09 3109 3.2e09
Frequency (Hz)
100
frequency: 2.6995e+09
dperr: 2,8559 60
[frequency: 2.7005¢+09 e —
dperr: 0.93798 |frequency: 2.7095e+09 Lag
R |dperr- 2.8549
+-20
+-60
4 t t - 00
2.6e09 2.65e09 2.7e09 2.75e09 2.8e0
Frequency (Hz)
Notes:
e 0.27dB worst case insertion loss over band
e Attenuation = 23dB @ 2690MHz
e Deviation from linear phase = 1.92° over worst case 1MHz
e Approximate filter size: 215 x 100 x 40mm
e Price indication: £1300 (50-off volumes)
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4.1.2 200MHz Bandwidth

frequency: 2 6995e+09| [frequency: 2.8e+09 E}requency:§5665;+6§ !
dbS21: -0.26418 . {dbS21'-0061269 | gdb821'-0080096
10
0+ - - e
frequency: 2‘6905e+09"\ ‘
dbS21: -19 546 j
-20+ e
g 301 ]
2 40 A .
- A =
§ 50—
£ -60
-70
-80
90+
-180 } -+ | + 4 | -
4e09 25e09 26e09 27e09 28e09 2.9e09 3e09 3.1e09 3.2e09
Frequency (Hz)
100
frequency: 2.6995e+09 ‘
\dperr: 2.7784 +60 §
§,
frequency. 2.7005e+09 / R YRR 7 T GRS 2.,
dperr: 0.92675 - / frequency: 2.7095e+09| | 20 S
= e dperr: 2.8111 \ 2
\ 2
= >
+-20 %
g
a
D
«Q
@
T-60 3
: t -100
2.6e09 2.65e09 2.7e09 2.75e09 2.8e08

Frequency (Hz)

0.26dB worst case insertion loss over band

Attenuation = 20dB @ 2690MHz

Deviation from linear phase = 1.85° over worst case 1MHz
Approximate filter size: 215 x 100 x 40mm

Price indication: £1300 (50-off volumes)
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4.1.3 100MHz Bandwidth

frequency: 2.6995¢+09 |frequency: 2.75e+09 |frequency: 2.8e+09
dbS21: -0.30357 | |dbS21: -0.11024 |dbS21: -0.13459
10
N N <
\frequency: 2.6905e+09
dbS21:-21.192
=20+ | .
f \
2 -30 ’
w
& -40T
-
C N
é 60+~
70+
80T
90+
-190 t : ¢ : 4
4e08 25e09 26e09 27e09 28e09 29e09 3e09 3.1e08 3.2e09
Frequency (Hz)
100
‘_f;equency: 2.6995e+09
|dperr: 2.919 ' +60 F
§.
=2
frequency. 2.7005e+09 B YT 7 G ;
dperr: 0.95616 i frequency: 2.7095e+09 | 120 8
| D dperr: 2.8926 | =
P \ - =1
5 - (1]
B
+-20 ?:
®
o)
D
o
)
T-60 8
: + -100
2.6e09 2.65e09 2.7e09 2.75e09 2.8e09

Frequency (Hz)

0.30dB worst case insertion loss over band

Attenuation = 21dB @ 2690MHz

Deviation from linear phase = 1.85° over worst case 1MHz
Approximate filter size: 215 x 100 x 40mm

Price indication: £1300 (50-off volumes)
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4.2 30MHz Frequency Offset

4.2.1 300MHz Bandwidth

frequency: 2.7195e+09|

(frequency: 2.87e+09|
dbS21:-0.14341 |

|dbS21: -0.053008

frequency: 3.0205e+09)
dbS21: -0.08372

10
o_. e -
104 . b
frequency: 2.6905e+09
-201 |dbS21; -33.278
2 -307
= "
2 -40
S -50+ ;
g st
70+
-80+
-90
'180 T t 1 T t
4e09 25609 26e09 27e09 2809 29e09 3e09  31e09 3209
Frequency (Hz)
100
frequency: 2.7195e+09|
dperr: 0.62102 160 §
5
o]
3
t20 §
5
- 2
i
|frequency: 2.7205e+09 | frequency: 2.7295e+09 --20 @
\dperr: 0.23268 y dperr: 0.73677 &
g
S
60 &
; : : -100
26209 2.65¢09 2.7e09 2.75¢09 2.8e0
Frequency (Hz)
e 0.14dB worst case insertion loss over band
e Attenuation = 33dB @ 2690MHz
e Deviation from linear phase = 0.39° over worst case 1MHz
e Approximate filter size: 215 x 100 x 40mm
e Price indication: £1300 (50-off volumes)
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4.2.2 200MHz Bandwidth

frequency: 2.7195e+09| frequency: 2.82e+09 \frequency: 2.9205e+09 |
dbS21: -0.15741 ‘ |dbS21:-0.071429 | |dbS21: -0.11242
10
0+ -
104+ . —
| frequency: 2.6905e+09
207 |dbs21:-3695 |
g -op |
o =y, \
g -40+ N g~' Sy
= >
S 507 | N
5
2 80+ 5
70+~
-80-_
-90
.180 } . } ! : ; }
4eD9 25e09 26e09 27e09 28e09 29e09 3e09 3.1e09 3.2e09
Frequency (Hz)
100
‘frequency: 2.7195e+09|
dperr: 0.60982 \ 60 9
! =3
3
+20 §
N =
S =
N @
= =
i | =
frequency. 2.7205e+09 | ‘ frequency; 2.7295e+09| +-20 2
|dperr: 0.22992 \ dperr: 0.73343 »
2
Q
160 8
\
: 4 t -100
2.6e09 26509 2.7e09 2.75¢09 2.8e0
Frequency (Hz)

0.16dB worst case insertion loss over band

Attenuation = 37dB @ 2690MHz

Deviation from linear phase = 0.39° over worst case 1MHz
Approximate filter size: 215 x 100 x 40mm

Price indication: £1300 (50-off volumes)
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4.2.3 100MHz Bandwidth

E?requencTt: '2.8205e+09 |
idb821' -0.13384

Boquenor 211%6e0d frequency: 2776408
e |dbS21: -0.10798

10

| frequency: 2.6905e+09|
-20T |dbS21: -35.96

=30+

Insertion Loss (dB)

90+

-100 t — ' = + { 4
8,4e09 25e09 26e09 27e09 28609 2.9e09 3e09 3.1e09 3.2e09
Frequency (Hz)

100

frequency: 2.7195e+09| | .
dperr: 0.60049 ' P 160

(saa1bap) aseyd Jeaul| woly uoleIAaQ

frequency: 2.7205e+09 | frequency: 2.7295e+09 -20
dperr:022711 | | dperr: 0.72297
+-60
: ‘ } -100
2.6e09 2.65e09 2.7e09 2.75e09 2.8e0

Frequency (Hz)

0.14dB worst case insertion loss over band

Attenuation = 35dB @ 2690MHz

Deviation from linear phase = 0.39° over worst case 1MHz
Approximate filter size: 215 x 100 x 40mm

Price indication: £1300 (50-off volumes)
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4.3 60MHz Frequency Offset

4.3.1 300MHz Bandwidth

| fraquency: 2.747e+09‘; ffreqﬁenﬁy 2.9e+09| fviﬂ;eque’ncr)} 3.053e+09
dbS21.-0,14775 |dbS21: -0.048568 | ;db521 -0.076818

10
0 s . 1 : b

-10

Yrequency 2.693e+09)|
201 |dbs21: -68.138

Insertion Loss (dB)

-100 = } ! t I
8.4e09 25¢09 26e09 27e09 28e09 29e09 3e09 3.1e09 3.2e09
Frequency (Hz)

100
frequency: 2.747e+09

|dperr: 0.53218 te0 9
5
[+
3
T20 §
. 3
)
|frequency: 2 748e+09 frequency: 2. 757e+09 =20 @
\dperr: 0.20224 dperr: 064644 &
g
Q
60 &

: ; --100

2.6e09 265609 2.7e09 2.75e09 2.8el

Frequency (Hz)

0.15dB worst case insertion loss over band

Attenuation = 62dB @ 2690MHz

Deviation from linear phase = 0.33° over worst case 1MHz
Approximate filter size: 215 x 100 x 40mm

Price indication: £1300 (50-off volumes)
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4.3.2 200MHz Bandwidth

frequency: 2. 747e+09 | rf%equency?éiéﬁmog fﬁequency: 2.953e+09)|
dbS21:-0.14316 | |dbS21: -0.065987 |dbs21: -0.079308

10
0t > N R A —;

]i?reeﬁn?éﬁéé‘é-;b_é‘ |
207 |dbs21: -67.477

Insertion Loss (dB)

-1 t 1 t t t i t
3(.)4e09 25e09 26e09 27e09 28e09 29e09 3e09 3.1e09 3.2e09

Frequency (Hz)
100
frequency: 2.747e+09 ‘
dperr: 0.57462 ‘. +60 §
| &
5
=
+20 §
 \~_‘/ 5
4
frequency: 2.748e+09 frequency: 2.757e+09 20 o
|dperr: 0.21849 dperr: 0.69664 8
g
<
+-60 8
v : : } -100
2.6e09 2.65e09 2.7e09 2.75e09 2.8e0

Frequency (Hz)
0.14dB worst case insertion loss over band
Attenuation = 60dB @ 2690MHz
Deviation from linear phase = 0.35° over worst case 1MHz
Approximate filter size: 165 x 100 x 40mm
Price indication: £1000 (50-off volumes)
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4.3.3 100MHz Bandwidth

frequency: 2.747e+09 |

dbS21: -0.17367 dbS21:-0.11218

'fFequency' 2.8e+09

'frequency: 2.853e+09|
dbS21: -0.15828

10+
0+ A
A0+
. ]‘ﬂequency:2.6939+09
-201 |dbS21: -60.611
g -30+
& |
g -40+
§ -50+ Al
2 o+ — N
70+ =
-801—
|
=90+ '
-1 ; t t t t
0e09 25500 26609 27600 28609 29609 3600 31609 32609
Frequency (Hz)
100
'Frequency: 2.747e+09
dperr: 0.46846 60 §
§.
=
3
" Joo §
. (SD‘
1 1 2
I =
frequency: 2.748e+09 frequency: 2.757e+09| +-20 &
dperr: 0.17778 \ dperr: 0.57074 .3
&
]
+-60 &
: : } -100
2.6e09 2.65e09 2.7e09 2.75e09 2.8e0
Frequency (Hz)
e 0.17dB worst case insertion loss over band
e Attenuation = 60dB @ 2690MHz
e Deviation from linear phase = 0.29° over worst case 1MHz
e Approximate filter size: 165 x 100 x 40mm
e Price indication: £1000 (50-off volumes)
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4.4 10 MHz Frequency Offset — Parallel Filter Configuration (Case 1).

Section 4.1 shows that a phase linearity of 0.4°/MHz is not achievable for a
10MHz offset with a filter bandwidth of 1200MHz through use of high-Q metallic
filter designs under consideration. Ofcom therefore requested that Isotek provide
details of a dual band filter that passes two 10MHz wide carriers, separated by
50MHz. Physically this would still be a 2-port device, but would house two
parallel filters within a single unit, with the input and outputs connected to both of
the parallel filters.

The units would house the following filters:
1) A ‘band edge’ filter, capable of passing a 10MHz carrier but providing
rejection 10MHz away from band edge; and
2) An ‘in band’ filter, which simply passes a 10MHz carrier and provides
sufficient rejection of the band edge filter to prevent interaction between
the two parallel filters.

BAND EDGE IN BAND
FILTER FILTER

¥

Block diagram
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4.4.1 Band Edge Filter

f - 2.6995e+09 AT T
dr:g;:ncg 923331 Rest | frequency: 2.7105e+09|
— |dbS21:-0.93796

10
0_.-
frequency: 2 6805e+09
|dbS21:-34.346 ) frequency: 2.7195e+09
@r dbS21:-33.767
g -30- f
[}
g -40
-l
$ 501
3
2 60+
-70-
-80
-90-+
Pldeoe 2.7609 273609 2 74809 2.76e09 278609
Frequency (Hz)
10
| frequency: 2.6995e+09
dperr: 0.2316
[aperr- V..o 1 5 P
<
i 2
g
B ——— -
frequency: 2.7095e+09| | 5 3
dperr: 0.15589 3
| =
- D
@
i) %
&
frequency: 2.7005e+09 =
dperr: -0.079378 @
[ +6 8
@
|
2.68e09 2.7e09 2.72e09 2.74e09 2.76e09 278608

Frequency (Hz)

0.94dB worst case insertion loss over band

Attenuation = 34dB @ 2690MHz

Deviation from linear phase = 0.31° over worst case 1MHz
Approximate filter size: 165 x 100 x 40mm
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(seaibap) aseyd Jesul Woil uoneIrSq

4.4.2 In Band Filter
;frequency; 2.7495e+09| frequency: 2.7605e+09
|dbS21: -0.67739 dbS21: -0.66574
10
0 —_—
-10- frequency: 2.72e+08
dbS21: -28 558
-20+ S
g
0
2 .40-
s |
§ o
ol frequency: 2.6905¢+09)
|dbS21: 50472 |
-80+
-90+
“PRae0s 27609 272609 27409 2.76609 2.78e09
Frequency (Hz)
10
| . |frequency: 2.7595e+09
| !dperr: 0.047115 ls
frequency: 2.7495e+09 \ '
dperr: 0.43981 \
: T2
frequency. 2.7505e+09 i 1o
dperr: 0.099379 E
-6
% f— f % 39
2.68e09 2.7e09 2.72e09 2.74e09 2.76e09 2.78e0
Frequency (Hz)
e 0.68dB worst case insertion loss over band
e Attenuation = 50dB @ 2690MHz
e Deviation from linear phase = 0.34° over worst case 1MHz
e Approximate filter size: 70 x 70 x 40mm
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4.4.3 Full Unit

‘frequency: 2.6995e+09] | frequency: 2.7105e+09| ﬁr"eduéhéy? 2.7495e+09|  [frequency. 2.7605e+00|
dbS21:-0.95368 | | dbS21:-0.962 ||dbS21:-0.69097 | |dbS21:-0.6733

10- e : : —

0+ ! — 4 -
10+

Insertion Loss (dB)

70 Hreqbency: 2.6905e+09
|dSRt: 03,576

-1 4 + } 4
208%09 2.7e09 2.72e09 2.74e09 2.76e09 2.78e09
Frequency (Hz)

e Approximate full unit size: 230 x 100 x 40mm
e Price indication: £1400 (50-off volumes)
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4.5 10 MHz Frequency Offset — Parallel Filter Configuration (Case 2) —
Increased Bandwidth ‘in band’ Filter

Section 4.4 shows that a parallel filter configuration enables the use of a 10MHz
wide frequency band starting at 2.7GHz, with another 10MHz wide band at some
higher frequency. This study was then extended to define the performance of a
parallel filter unit with a much wider ‘in-band filter’ bandwidth. Ideally the ‘in-band
filter’ would extend over the full 150MHz from 2.75GHz to 2.9GHz.

The units would house the following filters:
3) A ‘band edge’ filter, capable of passing a 10MHz carrier but providing
rejection 10MHz away from band edge;
4) An ‘in band’ filter, which simply passes a 150MHz carrier and provides
sufficient rejection of the band edge filter to prevent interaction between
the two

BAND EDGE IN BAND
FILTER FILTER

¥

Block diagram
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4.5.1 Band Edge Filter
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Frequency (Hz)

0.94dB worst case insertion loss over band

Attenuation = 35dB @ 2690MHz

Deviation from linear phase = 0.31° over worst case 1MHz
Approximate filter size: 165 x 100 x 40mm
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4.5.2 In Band Filter
Trequency' 2.7495e+09 frequency: 2.9005e+09 |
dbS21: -0.2302 dbS21:-0.1296
10
0+ - —=
10+ S
20+ S
% =301+ = =
» 0
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| [frequency: 2.6905e+09]
dbS21: -59,856
_80..»
90+
-108 t } } { }
265e09 27e09 275e09 28e09 285e09 2909 295e09 3e09 3.05¢09
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a
@
o
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f— Ae t g t + 1 -10
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Frequency (Hz)

0.68dB worst case insertion loss over band

Attenuation = 32dB @ 2690MHz

Deviation from linear phase = 0.34° over worst case 1MHz
Approximate filter size: 70 x 100 x 40mm

Duncan Austin Page 68 of 79

15/10/09



Isotek Electronics Ltd

45.3 Full Unit

\frequency: 2.6995e+08  |frequency. 2.7105e+09| frequency: 2.7495e+08| | frequency: 2.9005e+09|
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4 } t ; ‘ ¢ }
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e Approximate full unit size: 230 x 100 x 40mm
e Price indication: £1400 (50-off volumes)
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4.6 10 MHz Frequency Offset — Parallel Filter Configuration (Case 3) —
Increased Bandwidth ‘band edge’ Filters

This study was then extended to define the performance of a parallel filter unit
with a wider ‘band-edge filter’ bandwidth. Bandwidths of 30MHz and 50MHz were
considered. An accompanying ‘in-band filter’ could be designed which would
extend over the remainder of the band, except for a 10MHz section between the
band-edge filter and the in-band filter. Performance of the in-band filters would be
similar to that shown in section 4.5.2.
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4.6.1 Band Edge Filter - 30MHz Bandwidth
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Frequency (Hz)

0.49dB worst case insertion loss over band

Attenuation = 20dB @ 2690MHz

Deviation from linear phase = 1.13° over worst case 1MHz
Approximate filter size: 165 x 100 x 40mm
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4.6.2 Band Edge Filter — 50MHz Bandwidth
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e 0.46dB worst case insertion loss over band
e Attenuation = 20dB @ 2690MHz
e Deviation from linear phase = 1.50° over worst case 1MHz
e Approximate filter size: 215 x 100 x 40mm
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4.7 Summary (filtering options for the 2700 - 3100 MHz band)

The table below summarises the data presented in sections 4.1 to 4.4. Data in
bold indicates where design goals were not met through the use of the high-Q

metallic cavity filter technology under consideration.

Filter Band Edge | Attenuation @ Deviation Approx. size Approx. price
Description Loss (dB) 2690MHz (dB) | from linear (mm) for 50-off
phase (°) volumes (£)
10MHz Offset
300MHz band 0.27 22 1.92 215x 100 x 40 1300
200MHz band 0.28 22 1.85 215x 100 x 40 1300
100MHz band 0.30 23 1.96 215x 100 x 40 1300
30MHz Offset
300MHz band 0.14 35 0.39 215 x 100 x 40 1300
200MHz band 0.16 37 0.39 215 x 100 x 40 1300
100MHz band 0.16 36 0.29 215 x 100 x 40 1300
60MHz Offset
300MHz band 0.15 62 0.33 215 x 100 x 40 1300
200MHz band 0.14 60 0.35 165 x 100 x 40 1000
100MHz band 0.17 60 0.29 165 x 100 x 40 1000
Parallel Filter | 0.94/0.64 35 0.31/0.34 | 230x 100x 40 1400
Configuration
(10MHz Offset)
Parallel Filter | 1.00/0.37 33 0.31/0.34 | 230x 100x 40 1400
Configuration
(10MHz Offset)
Increased In-
band
Bandwidth
Parallel Filter 0.49 20 1.13 230 x 100 x 40 1400
Configuration
(10MHz Offset)
30MHz Band-
edge
Bandwidth
Parallel Filter 0.46 20 1.50 280 x 100 x 40 1800
Configuration
(10MHz Offset)
50MHz Band-
edge
Bandwidth
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4.8 Conclusions (filtering options for the 2700 - 3100 MHz band)

Simulations have been presented on possible filter designs which can improve
the selectivity of radar receivers operating in the 2700 — 3100MHz band. The

objective of the study was to minimise the potential for receipt of unacceptable
interference due to inadequate radar selectivity from new telecommunications

systems operating within the 2500 - 2690MHz and 3400 — 3600MHz bands.

Results of the analysis show that it should be possible to realise a practical
‘generic’ filtering design for radar systems operating in the 2700-3100MHz band
(based on a standard single receiver RF chain) and having carriers centre
frequencies assigned with a minimum of 30MHz from the 2690MHz band edge.
The target filter design objective assumed within this study was a linearity
specification of 0.4°/MHz over any 10MHz region of the pass band, a minimum
target attenuation of 20dB at 2690MHz and a maximum frequency shift of +500
kHz over the operational temperature range. It should be noted the target phase
linearity and minimum attenuation parameters were based on requirements
proposed by a radar manufacturer for a single older radar type. As such, they
may not be applicable as target filter design objectives for other types of radar
which may require more stringent phase and/or attenuation requirements, or
have other technical considerations such as group delay that might need to be
taken into account in the design of filters.

However, it was found with a 10MHz offset the phase linearity specification
requirements could not be met by any of the single filter design considered
(based on the use of high Q metallic cavity filters). Instead the study found a
parallel filter configuration could be used for the 10MHz offset case which met
the study design objectives of the filter. However it is recognised under the
filtering scenario considered, the design of such a filter would need to be tailored
to the individual operating frequency / frequencies of the radars. It is therefore
considered radars having carriers assigned approximately within the 2700-2720
MHz band may need to make use of a bespoke filter design that is tailored to
assigned carrier frequencies of the radar, in order to improve their receiver
selectivity performance. This may not be the case for radars with carriers
assigned above 2720MHz (i.e., having 30MHz offset to the 2690MHz band),
where a generic filter design having a wide pass band and conforming with the
target filter design requirements may well be practical.

It should also be noted that filters with additional attenuation above the passband
i.e. at 3400MHz could also be designed with similar performance.
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5 Appendices

5.1 Appendix 1: Ofcom DDR Presentation 1

Problem formulation

® |n practice, a base station’s emission mask is a function of all the filtering in the

transmitter and the spectral re-growth in the PA.

= For our purposes, we assume that the base station already meets the spectrum

emission mask (SEM) specifications for LTE.

= In order to meet the additional regulatory limits, extra filtering is then needed
post-PA. These will require low insertion loss and be able to deal with high powers.

= Question: What is the unit cost (in volumes for the EU market) of the simplest filter
design/technology which would meet specific regulatory limits?

= The following slides describe the regulatory limits.
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Filter PA
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1 MHz guard-band

10 MHz
A
“EM-’\:)OQ)I ) I \
[— LTE "‘EM lmcl 15 :!Bc am qzm)
b +64 dBmM/(10 MHz)
=44 dBm/100 kHZ)
g ‘\J
§ 1MHz —>
<
@
2 .3, .
= +1o dBm/(B MHz) =-9 dBm/(lOO kHz)
% i +0 dBm/(8 MHz) = -19 dBm/(100 kHz)
= -0 - — —
i -10 dBm/(8 MHz) = -29 dBm/(100 kHz)
—~
; -20 dBm/(8 MHz) = -39.dBm/(100 kHz) -
A0 ' e e 1 "

é -30 dBm/(8 MHz) = -49 dBm/(100 kHz)

Z -40 dBm/(8 MHz) = -59.dBm/(100 kHz

T 778 780 782 784 7Je6 788 780 782 794 796 798 800
Fraquancy (MH2)
©0fcom Reza Karimi 2(4)
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LTE SEM from 3GPP TS 36.104 V8.4.0 (2008-12)

For E-UTRA BS operating in Bands 5, 6, 8, 12, 13, 14, 17 emissions shall oot exceed the ms o levels specified o
Tabls 663 1-1w0 663 1-3

Table §.6,3.1-3: General operating band unwanted wmission limits for 5, 10, 15 and 20 MHz chanbe!
bandwidth (E-UTRA bands < 1GHz) for Category A
~ Froquency offsetol | Froquency cifset of o “Minkwam requiemens Measuremeni
Siror filtor contro bandwidth
-3d8 point. af fregquency, | ofiser (Now 1)
OMHEz < V< SN 005 Mz = |_oMeet < 5,05 MMz & T 1 f ol 300 hH2
TilRm — — | e <0105
5 M=
SMHz = A< 10NHZ | 5,08 MHz - | ofiset < 10,08 MHz —14dBm 100 KH2
10 AME = A < Ay 1005 MHz < 1 otiset « | oMot -13 ¢Bn 100 kH2

= To derive EIRP, add 15 dB antenna gain (including cable loss).
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5.2 Appendix 2: Ofcom DDR Presentation 2
Ofcom

Comparison of BEM baseline and SEMs :
Note: All masks are
ted in
790 MHz presen
dBm/(100 kHz)
[=—"DVE-T vr:ﬂ-r‘;m:d i 1 |
405 e [/B-T critical \
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[ = LTE aher £220 fiter limits 44 dBM/(100 kHz)
204 LTE after £350 fiter P : > B
= || == LTE ater £1000 fies LTE =64 dBm/(10 MHz)
| w— M bas
0dBM/(BMHz) & |l CftomBEM baselne SEM -
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o |
2 i
------- ]
] N f
40 T < 8 H T ey
é e Commercial filter /"% ¢ / \
i readily meets { Expensive filters
80 baseline J not needed
= | for a 2 MHz guard-band ,' for a 2 MHz guard
(but not 1 MHz) ]
'
-80-- 4’
i
.... N Pt N B

f e e Y N - 2 1 o 1
Chiset from channel edges (NMz)
The LTE out-of-block SEM is from TS 36.104 for a 10 MHz channel bandwidth,
and for an antenna gain (including cable loss) of 15 dB.
The assumed LTE in-block emission level is consistent with an EIRP of 64 dBm/(10 MHz).

0(86)

©0fcom

I Ofcomn

DVB-T critical and non-critical masks

Table 2: DVB-T spectrum masks for 8 MHz channel spacing
(GEO06 Final Acts, section 3.6.2)
(Power level measured in a 4kHz bandwidth,
where 0dB corresponds to the total output power)

Relative frequency (DVB-T) DVB-T Non critical case = DVB-T critical case

(MHz) (dB) (dB)
-12 -110 -120
9 975 -107.5
-6 -85 -95

-5 -78.3 -88.3
-4.2 -73 -83

-4 -48 -58
-3.9 -32.8 -32.8
0 -32.8 -32.8

©0fcom 1(86)
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5.3 Appendix 3: EVM Background

EVM is the square root of ratio of error power to reference power expressed as a
percentage. For a filter it is possible to measure the EVM that would be added to
a reference signal by looking separately at the phase and magnitude of the filter
over the band occupied by the signal. Useful EVM figures are small and
therefore the magnitude and phase errors are approximately orthogonal and the
error vector is the hypotenuse of a triangle with the magnitude error and theta as
the other two sides (see figure below).

Error magnitude = sqrt( theta®2 + m”2 )

-~

(approx)

Measured signal = (1+m)*exp(1j*theta)
Reference signal = 1

theta [radians]

For the magnitude error, basic loss simply attenuates the signal and does not
contribute to the EVM so the root mean squared (rms) deviation from a unit
amplitude is calculated after the signal has been scaled to account for loss
(across the bandwidth occupied by the signal). Similarly phase distortion is the
rms deviation from the best-fit straight line through the phase because linear
phase is only a delay and therefore does not distort the signal either. The total
error is then calculated as in the figure above. Generally for most filters the
phase distortion dominates the EVM and a good estimate can be obtained from
looking at phase only.

The EVM estimate should be weighted across the signal band to account for the
roll-off in the shape of the signal and the measurement filter. This typically
makes very little difference for WCDMA and OFDM signals and omitting it will
produce a very slight over-estimate of EVM for filters. For EDGE and GSM
however the effect is greater.
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