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Intellectual Property Rights

IPRs essential or potentially essential to the present document may have been declared to ETSI. The information
pertaining to these essential IPRs, if any, ispublicly available for ETSI membersand non-members, and can be found
in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, |PRs notified to ETS in
respect of ETS standards’, which is available from the ETSI Secretariat. Latest updates are available on the ETS| Web
server (http://www.etsi.org/ipr).

Pursuant to the ETSI IPR Policy, no investigation, including IPR searches, has been carried out by ETSI. No guarantee
can be given as to the existence of other I|PRs not referenced in ETSI SR 000 314 (or the updates on the ETS| Web
server) which are, or may be, or may become, essential to the present document.

Foreword

This Technical Report (TR) has been produced by ETSI Technical Committee Transmission and Multiplexing (TM).

Introduction

The main field of application of Point-to-Multipoint (P-MP) systems using the Fixed Service (FS) isto provide access
to both public and private networks (PSTN, PDN, etc.). By means of P-MP systems the networks service area may
cover scattered subscriber locations. The systems may be applied to build new access networks by means of a multi
cellular architecture, covering both suburban, urban and regional areas.

The main field of application of Point-to-Point (P-P) systems using the Fixed Service (FS) isto provide transparent
capacity or access to both public and private networks. The system may be applied to build transport networks or to
integrate access networks covering both suburban, urban and regional aress.
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1 Scope

The present document gives guidance on the compatibility of Point-to-Multipoint digital radio fixed service systems
intended to operate in the same frequency band and in near or identical geographical location, using different access
methods and characteristics. Furthermore, it outlines the strategy for compatibility between fixed service P-MP systems
operation and P-P systems.

The present document defines the methodologies to be used for evaluating the interference between two P-MP systems
and between a P-MP system and a P-P radio link. It should be noted that for the evaluation of the degree of co-existence
some assumptions shall be taken and some parameters shall be defined.

The document produces a series of considerations regarding the identification of some critical parameters, the
constraints which they should satisfy and some mitigation methods that could be applied for a better co-existence.

2 References

For the purposes of this Technical Report (TR), the following references apply:

[1] ETSI EN 302 085: "Fixed Radio Systems; Point-to-M ultipoint Antennas; Antennas for point-to-
multipoint fixed radio systems in the 3 GHz to 11 GHz band".

[2] ETSI EN 300 833: "Fixed Radio Systems; Point to Point Antennas; Antennas for point-to-point
fixed radio systems operating in the frequency band 3 GHz to 60 GHZz".

[3] ETSI EN 301 021: "Fixed Radio Systems; Point-to-multipoint equipment; Time Division Multiple
Access (TDMA); Poaint-to-multipoint radio systems in the Frequency Division Duplex (FDD)
bandsin therange 3 GHz to 11 GHz".

[4] ETSI EN 301 253: "Fixed Radio Systems; Point-to-multipoint equipment; Frequency Hopping
Code Division Multiple Access (FH-CDMA); Point-to-multipoint digital radio systemsin
frequency bandsin the range 3 GHz to 11 GHz".

[5] ETSI EN 301 213-3: "Fixed Radio Systems; Point-to-multipoint equipment; Point-to-multipoint
digital radio systemsin frequency bandsin the range 24,25 GHz to 29,5 GHz using different
access methods; Part 3: Time Division Multiple Access (TDMA) methods'.

[6] ETSI EN 300 431: "Fixed Radio Systems; Point-to-point equipment; Parameters for radio system

for the transmission of digital signals operating in the frequency range 24,50 GHz to 29,50 GHz".
[7] ITU-R Recommendation P.837-2: " Characteristics of precipitation for propagation modelling".
[8] ETSI TR 101 854: "Fixed Radio Systems; Point-to-point Equipment; Derivation of Receiver

Interference Parameters useful for Planning Fixed Service Point-to-Point Systems Operating
Different Equipment Classes and/or Capacities'.

[9] ETSI EN 301 127: "Fixed Radio Systems; Point-to-point equipment; High capacity digital radio
systems carrying SDH signals (2 x STM-1) in frequency bands with about 30 MHz channel
spacing and using Co-Channel Dual Polarized (CCDP) operation".

ETSI
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3 Definitions, symbols and abbreviations

3.1 Definitions

For the purposes of the present document, the following definitions apply:

Frequency Block: Bandwidth assigned to an operator by aregulatory authority for the operation of a P-MP system
within a defined service area

Class A interference: This class (and its sub classes of interference Al, A2, A3 and A4) refer to the interference
between two P-MP systems operated by different network operators

Class B interference: This class (and its sub classes of interference B1, B2, B3 and B4) refer to the interference
between a P-MP system and a P-P system operated by different network operators

Guard band channel: Unused dlice of spectrum between the two closest carriers of different operators

% K O Area: Percentage of aP-MP cell areawhere interference may afflict or arise from TS, and "Knock Out" the radio
receiver(s)

3.2 Symbols

For the purposes of the present document, the following symbols apply:

o]} Carrier to Interference ratio

dB decibel

dBm decibels relative to one milliwatt
GHz GigaHertz

kbit/s kilobits per second

km kilometre

m metre

Mbit/s megabits per second

MHz MegaHertz

3.3 Abbreviations

For the purposes of the present document, the following abbreviations apply:

ATPC Automatic transmit power control
BER Bit Error Ratio

CDMA Code Division Multiple Access
CRS Central radio station

DL Downlink

EIRP Effectively Isotropic Radiated Power
EN European Standard

FB Frequency block

FDD Frequency Division Duplex

FDMA Frequency Division Multiple Access
FH-CDMA Frequency Hopping Code Division Multiple Access
IACI Intra-Cell interference

IRCI Inter-Cell interference

ISl Inter-System Interference

LOS Line of Sight

NFD Net Filter Discrimination

P-MP Point-to-Multipoint system

P-P Point-to-Point system

RF Radio Frequency

RTPC Remote Transmit Power Control
TDD Time Division Duplex

ETSI
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TDMA Time Division Multiple Access
TS Terminal Station
UL Uplink

4 Executive summary

This clause contains an executive summary on the report contents and, in particular, on the conclusions derived from
the report. The summary isintroduced by a general overview on P-MP and P-P radio systems considered in the present
document. In particular, the TM4 EN's classification of radio equipment and antennas actually standardized is given
with particular focus on frequencies and on standardized classes of equipment.

4.1  P-MP systems

4.1.1 P-MP equipment

For P-MP equipments the frequency bands are usually grouped as follows:
e below 1 GHz;
* between 1 GHz and 3 GHz;

* between 3 GHz and 11 GHz;

between 24,5 GHz and 29,5 GHz;
e between 40,5 GHz and 43,5 GHz.
Each of TM4 EN's standards, related to a specific access method (TDMA, MC-TDMA, FDMA, DS-CDMA,
FH-CDMA, DS-CD/TDMA), refer to one of the frequency bands quoted above.
4.1.2 P-MP antenna

The TM4 EN's standards regarding P-MP antennas are usually grouped as follows:

¢ between 1 GHz and 3 GHz;

between 3 GHz and 11 GHz;

between 24 GHz and 30 GHz;

between 40,5 GHz and 43,5 GHz.

4.2 P-P systems

4.2.1 P-P equipment

TM4 EN's for P-P equipment specify different classes of systems, depending on channel spacing, order of modulation
and capacity, in many of the frequency bands between 1 GHz and 60 GHz.

4.2.2 P-P antenna

The TM4 EN's standards regarding P-P antennas are usually grouped as follows:
¢ between 1 GHz and 3 GHz;

* between 3 GHz and 60 GHz.

ETSI
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4.3 Executive summary

The present document deal s with the problem of co-existence between P-MP and P-P equipment, operated by different
network operators, using the same frequency band and the same geographical area.

In clause 5 are defined all the possible combinations (classes) of interference between two P-MP systems and between a
P-P and a P-MP system. Clauses 6 and 7 contain the methodologies to analyse the different classes of interference
identified in the report. Clauses 8 and 9 summarize the conclusions regarding the co-existence of P-MP and P-P
systems. These conclusions have been derived from the methodologies in the report, the discussions within the group,
people experience and they are supported by some co-existence analysis examples reported in annexes A and B.

The conclusions reached by the present document can be summarized as follows.

In order to accomplish the co-existence of two P-MP systems the following rules apply:

¢ thetwo systems should have similar EIRP;

e theuse of ATPC on the uplink decreases the level of interference;

e systemswith similar channel size co-exists better than systems with different channel size;
e co-existence between P-MP using FDD technique is facilitated by co-siting of CRSs.

In order to accomplish the co-existence between P-MP and P-P systems the following rules apply:
e systemswith similar channel size co-exists better than systems with different channel size;
¢ aminimum distance and angular decoupling between P-P site and CRS should be provided;
e theuseof ATPC onthe P-MP uplink decrease the level of interference.

In order to accomplish a co-existence analysis as close as possible to reality it is necessary to have EN limits on system
parameters as close as possible to actual system parameters such as:

e transmit power;

e receiver threshold;

* interference sensitivity;
e transmitter mask.

In fact, the results of the co-existence analysis carried out in the annex point out a significant difference whether actual
parameters or EN limits are used.

In order to accomplish the co-existence analysisit is necessary to have the possibility to evaluate the cross NFD
between different systems (even between a P-P and a P-MP system) compliant with different standards. Therefore, it is
necessary to have in the EN's the following parameters:

e transmitter mask;
e receiver sensitivity mask.

Thefirst one isdirectly available as an European Standard while the second is not. The present document suggests to
introduce receiver sensitivity masksin the EN's or away to derive this parameter directly from the EN's.

5 P-MP and P-P deployment scenario

In this clause are reported general considerations upon P-MP and P-P radio networks, on the kind of interference
considered in the present document and on propagation conditions. It is also described a quite general set of interference
scenariosin order to define the interference classes to be studied in the following clauses.

ETSI
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5.1 P-MP radio networks

P-MP systems will beinstalled in frequency bands starting from below 1 GHz up to 40 GHz (see clause 4), and in the
future even higher. In each frequency band propagation characteristics, available bandwidth dictated by the regulation
specific to that band, as well as system characteristics will constrain the P-MP system applications, in terms of capacity
transported, cell radius achieved, services transported and even in terms of the cell architecture itself.

In any case the quality of service for a P-MP transport media has often to compete with that of the wired network. This
also being valid for both the short term performance and availability objectives as well as for the long term objectives.

The following assumptions should be taken as essential to further evaluation of the compatibility between P-MP
systems operation.

1) Within a service areathere will be more than one operator who build up their own network infrastructure.
Especially in economically interesting regions four or more operators will ask for frequency blocks to operate
their own P-MP systems to connect the envisaged user to the network node.

2) The operator will plan and deploy independently the P-MP system.

3) Different Operators provide different services portfolio to their envisaged users and therefore will install
different P-MP systemsin the same area.

4) The P-MP systems will be of different origin.

5) Various access methods applied by the P-MP systems in accordance with the ESTI standards which are in force
or are going to be published or even produced will be used by different operators.

6) The network planning as well as the cell planning will be under the responsibility of each network operator.

7) Theregulatory authority will be responsible for the assignment of the necessary frequency block for each
operator. In adjacent Frequency Blocks (FB) in the same frequency band the authority has also to guarantee in a
reasonable way the envisaged usage by different operators in the same area. That means that each P-M P operator
has the possibility to operate and provide the grade of service to his customer as stated in the relevant "network
license" given to the operator. However, that does not mean that the regulators guarantees an interference free
operation but rather a controlled level of interference with the necessary rules, etiquette and mechanism to settle
any sharing problem.

8) It cannot be expected that there shall be no restriction due to compatibility reasons for any operator to install the
Terminal Stations (TS) as necessary in respect to his envisaged customer. Restrictions around other operators
base stations should be anticipated.

5.2 P-P radio networks

P-P systems will be installed in frequency bands starting from 1 GHz up to 58 GHz (see clause 4), and in the future
even higher. In each frequency band propagation characteristics, available bandwidth dictated by the regulation specific
to that band, as well as system characteristics will constrain the P-P system applications, in terms of capacity
transported, hop length achieved and services transported.

In any case the quality of service for a P-P transport media has to be ensured for both the short term performance and
availability objectives aswell as for the long term objectives.

The following assumptions should be taken as essential to further evaluation of the compatibility between P-P and
P-MP systems operation.

1) Within an urban areathere will be more than one operator who build up their own P-MP network and (or)
P-P network.

2) The operators will plan and deploy independently their P-MP and (or) P-P systems.

3) The P-MP and P-P systems will be of different origin: in particular P-P will be of different channel spacing,
capacity and classes of equipment in accordance with ETSI standard.

ETSI
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4) Theregulatory authority will be responsible for the assignment of the necessary frequency block for each
operator. In adjacent Frequency Blocks (FB) in the same frequency band the authority has also to guaranteein a
reasonable way the envisaged usage by different operators in the same area. That means that each P-P operator
has the possibility to operate and provide the quality and availability objectives as stated in the relevant " network
license" given to the operator. However, that does not mean that the regulators guarantees an interference free
operation but rather a controlled level of interference with the necessary rules, etiquette and mechanism to settle
any sharing problem.

5) It cannot be expected that there shall be no restriction due to compatibility reasons for a P-MP operator to install
the Terminal Stations (TS) as necessary in respect to his envisaged customer. Restrictions around other
P-P stations should be anticipated.

5.3 Interference to be studied

Theinterference between P-M P systems which is covered in the present document is mainly concentrated on the
interference of P-MP systems belonging to cells operated by different network operators serving the same areathat is
the so called Inter-Cell Interference (IRCI). Nevertheless alot of information in respect to the interference can be taken
from the cell planning strategy necessary for installing a cell architecture of a single operator, the so called Intra-Cell
Interference (1ACI).

ETSI/TM4 does not preclude the use of P-MP systems using either FDD (Frequency Division Duplex) or TDD (Time
Division Duplex), each offering its advantages and disadvantages in different deployment scenarios. FDD systems offer
arelatively good solution for compatibility between similar systems, specially when the base stations are located in the
same site.

TDD systems are more flexible from the spectrum usage point of view as they require a single frequency channel for
the up and down links and they are more flexible in handling asymmetric traffic. So both duplex schemes must be
considered in the present document.

The interference between a P-P and a P-MP system which is covered in the present document is mainly concentrated on
systems belonging to different operator that are deployed on the same area. Thus, the Inter-System Interference (151) is
here considered while the interference inside each system (P-MP cells and P-P links) should be considered by operators.

5.4 Propagation considerations

Only Fixed Service P-MP and P-P systems operation (no mobility) are of interest. The characteristics of the
propagation, i.e. the channel model which have to be taken into account when the usage of such a systems are
considered, depends on the frequency band, the bit rate transported over the air and the channel spacing.

Having in mind the frequency range from 1 GHz up to 43 GHz (for the time being) it is obvious that P-MP systems
operation may make use of Line of Sight (LOS) or near LOS propagation conditions. Non LOS may be possible where
low capacities e.g. < 2 x 64 kbit/s from the CRS to the TS and vice versa are transmitted in the bands up to 4 GHz.

For higher capacities and/or higher frequencies (> 4 GHz) mainly Line of Sight (LOS) propagation conditions are
considered for the transport between CRS and TS taking into account the overall grade of service which should in any
case be competitive with the wired media network.

Having in mind the frequency range from 1 GHz to 58 GHz (for the time being) it is obvious that P-P systems use a
LOS propagation condition. Thisisthe only condition to achieve quality requirements and availability objectives which
should in any case be competitive with the wired media network.

If rain induced fading is involved, mainly above 10 GHz with increasing effect by increasing frequency, the additional
path loss must be included on useful or interfering links depending on rain correlation.

55 Interference scenarios

Considering the actual constraints given by ERC recommendations about spectrum arrangement and the possible
systems that could be allocated in the same frequency bands there are the following combinations of possible
interference to be analysed.
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55.1 P-MP FDD/FDD combinations

There are two possible arrangements of two FDD P-MP systems to be considered (see note):

NOTE: Usually, only case 1 occurs within any country because each administration defines which sub band to
use for downstream and which to use for upstream. Case 2 may only occur on the boundary of two
country that uses different sub band allocations.

1) both systems use the same sub-band for downlink (the path from CRSto TS) and therefore also for uplink
(the path from TS to CRS);

2) thetwo systems use a different sub-band for uplink and downlink,

as depicted in figure 1.

Sub-band 1 Sub-band 2
. Band Gap .
1) FDD1 FDD2 FDD1 FDD2
Dwn Dwn : Up Up
Frequency
2) FDD1 FDD2 FDD1 FDD2
Dwn Up : Up Dwn
Frequency

Figure 1: Possible arrangements for two FDD P-MP systems

In order to consider all the possible combinations of interference between two FDD systemsiit is hecessary to define the
four following interference classes that can be distinguished for the different pairs of source and destination of
interference.

Class Al (down/down adjacency): the interference source is the CRS of the interferer system and the destination of the
interference isthe TS of the victim system.

Class A2 (up/up adjacency): the interference source isthe TS of the interferer system and the destination of the
interference isthe CRS of the victim system.

Class A3 (down/up adjacency): the interference source is the CRS of the interferer system and the destination of the
interference is the CRS of the victim system.

Class A4 (up/down adjacency): the interference source isthe TS of the interferer system and the destination of the
interference isthe TS of the victim system.

Table 1 summarizes all the cases where some interference may occur. Two different FDD P-MP systems are listed in
the table both as potential interferer (in rows) and potentia victim (in columns):

o thefirst (DL in sbl) has downlink (uplink) in sub-band 1 (2);

e thesecond (DL in sb2) has downlink (uplink) in sub-band 2 (1).
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All the potential interference conditions have been listed in table 1, distinguishing between downlink (DL) and uplink
(UL). A zero in the table indicates a non-interference situation, while any other reference refers to the classes defined
above. We assume that a transmission at one sub-band may cause interference to receivers in the same band, but the
duplex spacing is large enough to reject interference from the other sub-band transmission.

Table 1: Potential cases of interference between two FDD P-MP systems

Victim DL in sb1l DL in sb2
Interferer DL UL DL UL
DL in DL Al 0 0 A3
sbl UL 0 A2 A4 0
DL in DL 0 A3 Al 0
sh 2 UL A4 0 0 A2

5.5.2 P-MP FDD/TDD combinations

There are two possible arrangements of aFDD P-MP system and a TDD P-MP system to be considered:
1) the TDD system isallocated near the FDD downlink channel;
2) the TDD systemisallocated near the FDD uplink channel,

as depicted in figure 2.

Sub-band 1 Sub-band 2
. Band Gap .
0 FDD DD FDD
Dwn Up/Dwn : : Up
Frequency
2) FDD : FDD TDD
Dwn : Up Up/Dwn
Frequency

Figure 2: Possible arrangements for a FDD P-MP system and a TDD P-MP system

In this case the same four interference classes shall apply, but the potential cases where interference may occur are
listed in table 2, where both FDD and TDD systems are considered as interferer as well as victim. For TDD systemsitis
indicated the sub-band used. Non zero entries presents the sum of two different interference classes due to the presence
of TDD system which uses the same channel for both downlink and uplink.
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Table 2: Potential cases of interference between a FDD P-MP system and a TDD P-MP system

Victim P-MPTDD P-MP FDD
DL in sbl DL in sh2
Interferer shl sh2 DL | UL DL | UL

DL in DL Al1+A3 0
P-MP shil UL 0 A2+A4 See
FDD DL in DL 0 Al1+A3 table 1

Sbh2 UL A2+A4 0
P-MP sbl See Al+A4 0 0 A2+A3
TDD sh2 clause 5.4.3 0 A2+A3 Al+A4 0

55.3 P-MP TDD/TDD combinations

Thereis only one possible arrangement of two TDD P-MP systems given the channel adjacency because each system
uses only one channel for both uplink and downlink. Given this situation two cases shall be considered depending on
the synchronization (time domain) or not of the two systems.

1) TDD systems synchronized: it is the same situation of FDD system due to the correspondence between downlink
and uplink of both systems and A1 and A2 interference classes shall be evaluated.

2) TDD systems not synchronized: all the possible interference classes (A1, A2, A3 and A4) shall be considered and
evaluated.

554 P-MP/P-P combinations

There are two possible arrangements of aFDD P-MP system and a P-P system to be considered:
1) The P-P channel is allocated near the FDD downlink channel;
2) the P-P channdl is allocated near the FDD uplink channel,

as depicted in figure 3.

Sub-band 1 Sub-band 2
. Band Gap .
1) FDD PP : FDD
Dwn Rx or Tx : : Up
Frequency
2) FDD : FDD PP
Dwn : Up Rx or Tx
Frequency

Figure 3: Possible arrangements for a FDD P-MP system and a P-P system
In order to consider all the possible combinations of interference between a P-MP system and a P-P systemit is

necessary to define the four following interference class that can be distinguished for the different pairs of source and
destination of interference.
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Class B1 (Down/P-P Rx adjacency): the interference source is the CRS of the P-MP interfering system and the
destination of the interference is the receiver of the P-P victim system.

Class B2 (P-P Tx/Up adjacency): the interference source is the transmitter of the P-P interferer system and the
destination of the interference isthe CRS of the P-MP victim system.

Class B3 (Up/P-P Rx adjacency): the interference source is the TS of the P-MP interfering system and the destination of
the interference is the receiver of the P-P victim system.

Class B4 (P-P Tx/Down adjacency): the interference source is the transmitter of the P-P interfering system and the
destination of the interference isthe TS of the P-MP victim system.

Table 3 summarizes all the cases where some interference may occur. For P-P system isindicated which is the sub-band
of its channel that it is used for transmission (when P-P is the interfering) and for receiving (when P-P isthe victim).

If aTDD P-MP system has to be considered instead of the FDD P-MP system the same conditions of table 3 apply. The
only differenceis that always the pair of conditions (B1+B2 or B3+B4) shall be considered due to the TDD P-MP use
of the same channel for both downlink and uplink.

Table 3: Potential cases of interference between a FDD P-MP system and a P-P system

Victim P-P system P-MP FDD
DL in sbl DL in sb2
Interferer sbl sb2 DL UL DL UL
DL in DL Bl 0
P-MP sbl UL 0 B3 See
FDD Dlin DL 0 Bl table 1
sh2 UL B3 0
P-P sbl Out of B4 0 0 B2
system sb2 scope 0 B2 B4 0
6 Interference between Point-to-Multipoint systems:

class A interference situations

In this clause is described the frame for the study of compatibility between Point-to Multipoint (P-MP) systems. The
compatibility between P-MP systems operation and Point-to-Point (P-P) systems operation will be dealt with in the
clause 7 of the present document.

The study focuses on a general analysis that provides a method to analyse the interference al over adefined areafor the
scenarios described in clause 5. Thisisthe main method to be used to evaluate the effective impact of different
interference scenarios.

In addition, a simple equation (that holds for all scenarios) is given to eval uate the minimum distance, between source
and victim of interference, necessary to avoid interference even in the worst geometric scenario and propagation
condition. This method easily provides a value that can be used for comparison but it does not represent the whole
interference analysis.
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6.1 Basic assumptions and objectives of the study

In order to evaluate the effects of the interference (classes A1, A2, A3 and A4) of two P-MP systems operating on
adjacent channels (using the same polarization) all over the cell area, a simple but general scenario shall be considered.
The main assumptions regarding the general scenario are the following.

« For both the useful and the interfering systems only one cell is considered. The two CRS are separated by a
generic distance (d) that can be varied to evaluate the amount of interference in different geometric conditions.
In particular the analysis will span from zero distance (the complete overlapping of the cells) up to a distance
greater than the maximum cell dimension.

» For both the useful and the interfering systems the cell areais covered, in CRS sites, using isotropic antennas
with a given antenna gain. By this assumptions (isotropic), the frequency channel adjacency can be considered
all over the cell area. Moreover, this (a given antenna gain) allowsto consider all interference scenarios,
including those with sectored antennas (with different antenna gain), but disregarding the use of sectored
antennas as a mitigation technique.

e All radio paths, both useful and interfering path, are in perfect line of sight (LOS). In this way the worst case is
considered because the possible interfering attenuation due to a non perfect LOS condition isignored.

Finaly, it must be pointed out that in the following clauses all the link budget equations are expressed in logarithmic
units (decibel).

6.2 Analysis methodology

6.2.1 Net filter discrimination

The physical phenomenon that could generate interference among two systems operating on adjacent channelsis
represented by the portion of the spectrum, emitted by the interfering (1) system, that isin the band of the useful
(V) system receiving filter. This situation is depicted in figure 4 where both the receiving filter and the emitted
RF spectrum are represented over their respective channels (CH U and CH I). The dark grey area represents the
portion of the interfering spectrum that fall in the receiving filter band and generates the unwanted interference.

s 0.5*CH I
05*CHU ,

System |
RF Spectrum

SystemU
Receiving filter

Incoming interference

CHU ;

CHI

Figure 4: Adjacent channel interference behaviour
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The amount of interference can be evaluated by the Net Filter Discrimination (NFD) defined as the ratio between the
power transmitted by the interfering system and its portion that could be measured after the receiving filter of the useful
system:

Ts, () Cif
NFD = = D
[s(f)mH, ()"

where S, () isthe spectrum of the interfering systemand Hy, (f) isthe transfer function of the useful system
receiving filter.

6.2.2 Class Al analysis

This class regards the interference from the CRS of the interfering system to a TS of the useful system. The generic
scenario to be considered is depicted in figure 5, characterized with some other elements for the analysis of interference
on downlink, i.e. the link from the useful radio base station (CRSu) to the user represented by his Terminal Station
(T9).

Useful cell

Interfering cell

Figure 5: Generic scenario for class Al interference analysis

Since the distance on the useful link isdy the useful signal is

47rld,
@)

Pu = F)ut +Glt1 +GTS -20 Ubglo( 1

where F’ut isthe nominal power emitted by system U for a single channel, GfJ isthe CRS antenna gain of the useful

system and G, isthe antennagain of terminal station, A isthe carrier wavelength (same units as d1).

For the sake generality two different gains could be assigned to CRS antennas to consider the effects of the possible use
of sectored antennas.

F’ut , that is the nominal power emitted by system U for asingle channel, is different for any access method. For
TDMA systems F’ut is the useful power associated to each time slot and corresponds to the peak power. For

CDMA systems F’ut isthe power associated to each code. For FDMA systems Put isthe power associated to each
sub-carrier.
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In the same way the interfering power can be calculated as

P = F)it + GiI + G5 (0) — 20 Uiog,, (AJTTE:IZJ - NFD (3

where P' isthe total power emitted by the interfering system, G' isthe system | CRS antenna gain, G.¢(6) isthe

TS gain with an angle separation of 6 degrees and NFD isthe filter discrimination, calculated by equation (1), of system
U against the system | spectrum.

In particular Rt isthe total power emitted by the interfering system under maximum loading conditions. That is

when all time slotsare used in TDMA systems, or when all the PN codes are used in CDMA systems, or when all the
sub-carriers are used in FDMA systems. Combining previous equations it is possible to calculate the carrier to
interference ratio for any user (TS) position in the cell as

IE =(P, -P)+(G, -G') +(G;s —G,5(6)) - 20 [ﬂoglo(%J + NFD 4

2
that depends on systems parameters and on the distance (d) among the two system cells.

Another useful equation can be derived by evaluating equation (4) for zero distance among the two cells, i.e. when the
CRS are co-sited:

& =(R-P)+(GL-G)+ NFD ©

o

because d1=d5 and §=0. This means that for co-sited CRS the amount of interference over downlink is equal for all the
possible user positions and only the intrinsic system parameters are responsible of the result.

6.2.3 Class A2 analysis

This class regards the interference from a TS of the interfering system to the CRS of the useful system. The generic
scenario to be considered for uplink analysisis reported in figure 6 where are also indicated, for both cells, the central
radio stations (CRSu, CRSi) and the position of terminal stations (TSu, TS).

Interfering cell

Useful cell

Figure 6: Generic scenario for class A2 interference analysis
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To evaluate the avail able power received by the CRSu from the generic TSu user it must be considered that in
P-MP systems a remote transmit power control (RTPC) mechanism is usual implemented to ensure the correct
functionality of the system on the uplink. So it can be assumed that the useful received power is

P=P"+M, (6)

where F{fh isthe CRS receiver sensitivity ( threshold) at the maximum BER admitted and the maximum loading
condition, and My, is a power margin over the threshold. This equation also holdsif no RTPC isimplemented in order to
consider the farthest user in the cell. In the same way works the interfering system in uplink with an RTPC system. So,

to ensure areceived power on CRSi equal to F?th + M, , the TS user must transmit, depending upon its position in the
cell (dq), an amount of power of

477@11]

Pg = Rth +M, _Git -G,y +20 [bglo( F

@)
where P™ + M., isthe wanted received power, G' the CRSi antennas gain, G, theinterfering user antennagain
and dy isthe distance from user to CRSi. If no RTPCisused P = F’it , that is the upper bound of previous equation.

Considering the power ( P,g ) transmitted by the interfering user it is possible to evaluate the interfering power that is
received by the useful radio base station (CRSu) as

4rrldl,

| =Pyg +G! +Grg(8) - 20 Eﬂoglo( J— NFD ®

Combining previous equations the carrier to interference ratio can be obtained, for a given position of the interfering
user (TS)) and a given distance d among the CRS sites, as

C d
T :[(Puth + Mu) _(Rth + Mi)] "'(Git _th) +(GTSi _GTSi (H)) —20 mglo(dlj +NFD  (9)
2
for an interfering system with RTPC, and

C

|_ = (Puth +M,) - I:)it _GltJ -G(0)+20 Dk)glo(drlez

] + NFD (10)

for an interfering system without RTPC. The same considerations of the previous clause apply in thiscase and it is till
useful to evaluate the C/| ratio with the two CRS co-sited, that is

C

C=IR M) =(R" +M)] +(G! ~G}) +NFD )

0

for an interfering system with RTPC, and

C

4mrld,

=(R"+M,)-P' -G} ~Gyg zomogm[ J+ NFD 12)

0

for an interfering system without RTPC. In the last case the C/I ratio with CRS co-sited is no more a unique value but
depends on the distance (dp) of the interfering TS.
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6.2.4 Class A3 analysis

This class regards the interference from the CRS of the interfering system to the CRS of the useful system. The generic
scenario to be considered is depicted in figure 7, where the interfering and useful CRS are depicted.

Useful Cell

Interfering cell

Figure 7: Generic scenario for class A3 interference analysis
The useful signal received by CRSu (transmitted by aTS) is
C=P"+M, (13)
since a power control mechanism isimplemented. The interfering signal, transmitted by the CRS, is

Arrel
| =P'+G' +G, -20 [[bgm(lj]] - NFD (14)

where Pit isthetotal power emitted by the interfering system (see clause 6.2.2), Git and Glj the CRS's antenna gain.
Combining previous equations it is possible to obtain the carrier to interferenceratio

C And
T=RM+M, -R' -G -G +20 Ubglo(Zj +NFD (15)

that depends only on the distance between the two CRS's and does not depend on the position of usersinside each cell.

Inthis case it is necessary to have a minimum distance between the two CRS'sin order to obtain the minimum carrier to

interference ratio (C%) ~ dlowed by the useful system. This distance can be calculated by the following equation.
min

C ot t t _pth_ _
I 1 u u u
1 ( |)mm+P +G! +G{ R -M, ~NFD

d> 4—10 20 (16)
JT
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6.2.5 Class A4 analysis

This class regards the interference from a TS of the interfering system to a TS of the useful system. The generic
scenario to be considered is depicted in figure 8, where the interfering and useful cells are depicted pointing out the
source of interference (TSi) and the victim of interference (T Su).

Useful cell

Interfering cell

Figure 8: Generic scenario for class A4 interference analysis

The useful power received by TSuis

4nmﬂ
R (17)

C=P +G, +G,q, -20 [[bgm( ]

where Put is the power emitted by the useful system for a single channel (see sub clause 6.2.2), ij the useful
CRSantennagain and G, the TSu antennagain. The TSi, due to RTPC, transmits a power equal to

4nmﬂ
(18)

Prs = Pith +M, -G,y -G +20 Dbglo( 1

where P" + M, isthe CRSi controlled received power, G4 the TSi antennagain and G| the CRSi antenna gain.

If no RTPC isused then P4 = Pit . Thus, the interfering signal generated by TS and received by TSuis
42
| = Pg +Gg(a) +Gig,(B) —20 Dbglo( F j —NFD (19)

where G4 () and G, () are the antenna gains of the two TS in the direction they see each other (see figure 8).
Combining previous equations it is possible to obtain the carrier to interference ratio

=B M, + Gl Gl + Gy ~Grg () Grg G (@) - 200Tog, L2 | nFD a0
for an interfering system with RTPC, and
C_ o t t di
|_ = (R, =R) + G, + Gy, —~Gyrq,(B) —Grg (a) —20og,, E +NFD (21)
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for an interfering system without RTPC. In both cases the C/l depends mainly on the relative position of the terminal
stations (source and victim of interference) due to the great decoupling provided by directional antennas of TS's.
Equations (20) and (21) can be used to eval uate the interference generated by a single source of interference (TSi) all
over auseful cell area. But it is necessary to consider that in areal scenario there are N (number of TSi ) possible
sources of interference.

6.3 Worst case analysis

Once analysed the effects of interference all over the useful cell areafor the four different scenariosit is useful to
consider also the worst case of interference in terms of relative position (of source and victim of interference) and
propagation conditions. This scenario, valid for all the four interference classes, is depicted in figure 9, where A
represents the CRS (or the TS) and A’ the TS (or the CRS) of the useful system while B the CRS or the TS of the
interfering system. In particular, the correspondence among A, A', B and the proper (useful or interfering) CRSor TSis
givenin table 4 for the different classes of interference. In each row of table 4 the element A represents the victim of
interference while the B element is the source of interference.

Figure 9: Generic scenario for the worst case analysis

Table 4: Correspondence for element A, A" and B in figure 9

Class A A' B
Al TSu CRSu CRSi
A2 CRSu TSu TSi
A3 CRSu TSu CRSi
A4 TSu CRSu TSi

Asdepicted in figure 9 the elements A, A' and B are al aligned, that is the worst geometric condition due to the
maximum of antenna gain toward the source of interference. Moreover, the source and victim of interference (A and B)
are close to each other (distance d) while the other element (B) isfar away (distance D>>d).

In this scenario the worst propagation conditions (fading or rain attenuation) can produce a useful signal on A equal to

the receiver sensitivity (C = P;\h) while the interfering signal, due to small distance, is

. 4rd
=P +G; +G, -20 [[bglo T - NFD (22)

where P; isthetotal power emitted by B, G, and G , the antenna gain of elements B and A. Combining previous
equations we obtain the carrier to interference ratio

IE =P (P +G, +G,)+20 EI]oglo(%J +NFD > (IEJ (23)
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that must be grater than the minimum C/I allowed by system A receivers. Thus, it is possible to evaluate the minimum
distance d, between A and B, that provide the wanted C/I once given the system parameters:

C/|  +(PL+Gg+G,)-PI"-NFD
/1 % min
d=>-—10 20 (24)
ar

Thisisagenera equation that holds for all the four interference classes analysed in clause 6.2 and the only parameters
to be changed are G and G, (antennagain of CRS or TS) accordingly to table 4. But the distance provided by
equation (24) shall be considered in different way for different classes because of the different elementsinvolved. In
order to provide a guidance for this considerationsin table 5 is show a brief indication on the occurrences of such a
worst scenario. In order to obtain a qualitative eval uation of the occurrences it must be considered the extension of
interfered area, the extension of the area where interference sources are placed and the probability that the interfering
link isin Line Of Sight (LOS).

Table 5: Occurrences of worst case interference scenario

Class Distance between Interfered area | Area of interference LOS Occurrences of worst
elements sources probability case scenario
Al TS from CRS small 1 point high few
(around CRSI) (CRSI)
A2 CRS from TS 1 point small high few
(CRSu) (around CRSu)
A3 CRS from CRS 1 point 1 point very high 1
(CRSu) (CRSI)
A4 TS from TS large large low many
(all the cell area) (all the cell area)

Table 5 points out that the occurrences of class A1 and A2 are the same, because the elementsinvolved area TS and a
CRS, and there are few occurrences due to TS of one operator near the CRS of the other operator (overlapping cell
problem). Thus, the minimum distance obtained by equation (24) must be respected only by the few TS near the CRS
aligned as depicted in figure 9.

Class A3 (only one occurrence) needs a minimum distance between the two CRS's that must be always respected
because the CRS's, typically installed on towers are in perfect LOS.

Class A4 (many occurrences) involvestwo TS's that have alow probability to be place asin figure 9 due to antenna
pattern and typical installations that could be obstructed by roofs (non LOS). However this situation must not be
ignored due to the large number (one per each TS) of potential victims and sources of interference.

6.4 Required P-MP system parameters

In this clause will be listed the system parameters necessary to accomplish the analysis of different interference classes
described in clauses 6.2 and 6.3. A definition and a brief discussion on each parameter is carried out, distinguishing
between parameters available and not available from the ETSI standard.

6.4.1 System parameters available from EN's

¢ Multiple access method: depending whether the system uses TDMA or CDMA or FDMA access technique different
changes shall be applied to analysis methodology. In particular the changes regard the transmitted power to be
considered for useful and interfered system.

* Frequency bands: the absolute frequency is very important in order to evaluate minimum distances (see clause 6.3).
In general the frequency band of systems influences other parameters, such as antenna gain and antenna pattern.

e Channel arrangements and duplex technique: this determines which classes (one or more) of interference shall be
considered as described in clause 5.

* Maximum transmitter output power: that isthe mean transmitter output power that shall not be exceeded.
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¢ Transmitter mask: it isthe only information available in EN's that can be used to eval uate the net filter
discrimination as defined in (1).

«  Receiver sensitivity: it is the lower received power level that ensures a BER < 10°6. Thisis an overall parameter that
sets the average power over the area occupied by the system, and hence the power leaking out into the victim
system.

¢ Co-channel sengitivity: it is the minimum value of the carrier to interference ratio (C/l) that ensures a BER=106
with athreshold degradation of 1 dB.

6.4.2 Systems parameters not available from EN's

« Nominal output power: it is the maximum power generated by the RF power amplifiers of the system and declared
by the manufacturer. The nominal output power is usually well short of the specified "Maximum transmitter output
power".

e Actual receiver sensitivity: the actual receiver sensitivity could be lower than the specified EN's parameter due to the
use of better receivers and coding schemes.

e Actual co-channel sensitivity: the actual degradation of performances due to interference could be lower than those
specified in EN's.

¢ Antennas characteristics. while the radiation patterns are defined in proper EN's it isimportant to know also the
actual antenna gain for both CRS and TS and not only their minimum values.

* Power control: also considering the "Typical output power" it isimportant to know the behaviour of the power
control mechanism (ATPC or RTPC) used by the system to carry out a more realistic interference analysis.

« Radiated power spectral density: it isthe actual emitted spectrum that can be used to evaluate a more realistic
NFD value with respect the one evaluated by the " Transmitter mask".

* Receiving filter characteristic: at least, the equivalent square root raised cosine parameters (symbol rate and roll-off)
can be used to evaluate a more realistic NFD value. Moreover, the compl ete receiver mask could be provided for a
further realistic NFD evaluation.

e Additional parameters for DS-CDMA systems: the maximum number of PN codes available is necessary to calculate
the useful power associated to each useful signal.

e Additional parameters for FDMA systems. the number of sub-carrier, their channel spacing and their relative power
are necessary to evaluate both the amount of power leaking out into the other system and the useful power
associated to each useful signal.

6.5 Parameters for the evaluation of the degree of interference

Given the previous methodologies for class A interference situations and the considerations regarding the parameters
requested for the interference analysis two important classes of parameters must be defined to accomplish a coherent
analysis of the degree of co-existence between two P-MP systems. The first class, boundary conditions, includes all the
parameters that compl ete the definition of the scenario and the working conditions to be considered for the co-existence
analysis. The second class, evaluation parameters, contains all the parameters necessary to evaluate the degree of
co-existence between two systems.

6.5.1 Boundary conditions

6.5.1.1 Frequency band and channel arrangement

The operating frequency band of the systems isthe key parameter to define which ETSI standard must be used to pick
up system's parameters and to eval uate free space attenuation. The channel arrangement (channel spacing and frequency
adjacency between the two systems) must be used to choose which classes (A1, A2, A3 and A4) of interference must be
analysed accordingly to clause 5.
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6.5.1.2 Receiver sensitivity, degradation and inter-system interference

To carry out the analysis of intra-system interference between two operators a so the inter-system interference (due to
cellular planning) must be considered. The simplest way to accomplish the analysisis the following. Provided that in

ETSI standards the minimum threshold degradation (on receiver sensitivity at BER:lO'G) specified is 1 dB, we can
associate this degradation to the intra-system interference. Thus, considering the 1 dB degraded receiver sensitivity and
the corresponding C/I ratio for the co-existence analysis the rest of degradation (up to 3 dB, as specified in ETSI) can be
used by the operator to plan its own cellular network. In other words a minimum portion of degradation is spent for
intra-system interference while the rest is given to the operator for inter-system interference.

6.5.1.3 Margin on receiver sensitivity

Thelink (or fade) margin ( M, ) on receiver sensitivity is the margin considered during the planning phase of the
system development. In the interference analysis there are two ways to consider this parameter.

1) The power margins used in the analysis are equal to those used during the cell planning; this allows to study the
interference in normal propagation conditions.

2) The power margin on useful system is zero while the power margin on interfering system equals the one used
during cell planning; this allows to study the interference on worst propagation conditions.

6.5.1.4 Cells radius

The cell radius defines the cell area where the interference will be evaluated or the source of interference will be placed.
Therefore, the maximum radius, once given the system parameters and a reasonable margin, shall be considered.

6.5.1.5 Antenna pattern and gain

The antenna parameters are very important in the evaluation of the interference. If the actual values of antenna pattern
are not availableit is possible to use the masks reported in the relevant ETSI standard for P-MP antennas. Indeed, for
the antenna gain is necessary to have the actual values.

6.5.2 Evaluation parameters

6.5.2.1 Class Al evaluation parameters

The simplest evaluation parameter is the minimum distance equation (24) between the useful TS and the interfering
CRSin worst propagation conditions. The smaller is the distance the better is the degree of co-existence.

Another evaluation parameter is the difference (A[C/1]) between the C/I evaluated for co-sited CRS's equation (5) and
the minimum C/I allowed by the useful system. Provided thisvalueit is possible to foresee the co-existence because the
distribution of C/I over the cell, when the CRS's are randomly placed, depends only by different propagation
attenuations on useful and interfering link. Thus, the greater is A[C/1] the better is the degree of co-existence. Table 6
provides a qualitative description on the degree of co-existence for different A[C/I] ranges (see note). In this description
is assumed that a CRSi placed outside the useful cell do not produce any interference if A[C/1] is positive.

NOTE: Theseranges are valid for systems operating in low frequency bands (below 10 GHz) and they could be
different when considering different frequency band and different rain attenuation.
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Table 6: Degree of co-existence vs. A[C/]]

A[C/I] (dB) Co-existence
<0 Impossible on the same area (space separation is requested)
[0, 5] Possible, but critical, if CRS's are co-sited
[5, 10] Possible if CRS's are co-sited. Possible, but critical, for distance (d) between CRS's smaller than
cell radius (R),that is d<<R
[10, 20] Possible, but critical, for distance (d) between CRS's up to cell radius (R),in other words the CRS's
can be placed everywhere
[20, 30] Possible for distance (d) between CRS's up to cell radius (R),in other words the CRS's can be
placed everywhere
> 30 Full, there is no significant interference

A further evaluation parameter is the percentage of useful cell area (%K O) where the C/I is smaller than the minimum
allowed value. In particular, once given the two systems, is useful to evaluate the maximum %K O versusthe CRS's
distance (d) spanning from O to 200 % of cell radius. In this way the maximum percentage of area (and therefore of
users) with interference problem can be obtained. Once again the smaller is this value the better is the co-existence.

The %K O evaluation parameter is the most important because alow to evaluate the actual interference problem. It is
obvious that a maximum %K O=30 is quite different from %K 0=0,1 in terms of humber of potential users that cannot
be reach. Moreover, when the operator chose the radio as access network it isimplicit that a not negligible percentage
of users cannot be reached due to environment obstacles. So it is acceptable that another percentage of users cannot be
reached due to co-existence issues. This value shall be defined by the regulatory body (and administration) when a
given channel is assigned to an operator.

6.5.2.2 Class A2 evaluation parameters

Due to the symmetry (pointed out in clause 6.3) of this class of interference with respect class A1 the same eval uation
parameters described in clause 6.5.2.1 hold.

6.5.2.3 Class A3 evaluation parameters

This class considers the interference between the useful and interfering CRS and there is only one parameter to eval uate
the degree of co-existence. Thisis the minimum distance between CRS's provided by equation (16) or (24), depending
on the propagation conditions considered.

It must be pointed out that this kind of interference needs a certain distance between CRS's to be considered negligible.
That is the opposite of the behaviour of class A1 and A2 where CRS's co-sited, or close to each other, allow a better
degree of co-existence.

6.5.2.4 Class A4 evaluation parameters

The simplest evaluation parameter is the minimum distance equation (24) between the useful TS and the interfering TS
in worst propagation conditions. As already pointed out in clause 6.3 this parameter isless significant that in classes A1,
A2 and A3 because of the low probability to have TSin LOS and the TS antenna directivity. However it must be
considered the number of TS, both on useful and interfering cell, to evaluate the overall probability to have interference
between TS's.

To help thiskind of evaluation can be useful also to evaluate the maximum %KO (asin class A1 and A2) by
equations (20) and (21) for different distances between CRS's (spanning from O up to 200 % cell radius) and for
different interfering TS positions.
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7 Interference between P-MP and P-P systems:
class B interference situations

In this clause is described the frame for the study of compatibility between Point-to Multipoint (P-MP) and Point to
Point (P-P) systems.

The following study provides a method to analyse the interference all over athe P-MP cell areafor the scenarios
described in clause 5.

7.1 Basic assumptions and objectives of the study

In order to evaluate the effects of the interference (classes B1, B2, B3 and B4) of a P-MP and a P-P system operating on
adjacent channels (using the same polarization) all over the cell area, a ssmple but general scenario shall be considered.
The main assumptions regarding the general scenario are the following.

¢ For the P-MP system only one cell is considered. For the P-P system only onelink is considered and, in
particular, only the station nearest the P-MP cell area. The CRS of P-MP system and the P-P station are
separated by a generic distance (d) that can be varied to evaluate the amount of interference in different
geometric conditions.

e For the P-MP system the cell areaiis covered, in CRS site, using an isotropic antenna with a given antenna gain.
By this assumption (isotropic), the frequency channel adjacency can be considered all over the cell area.
Moreover, this (agiven antenna gain) allowsto consider all interference scenarios, including those with sectored
antennas (with different antenna gain), but disregarding the use of sectored antennas as a mitigation technique.

e The P-P system uses a directional antenna pointed towards the other station providing an angular decoupling of
0 degrees with respect the CRS of P-MP system. This decoupling can be varied to eval uate the amount of
interference in different geometric conditions.

e All radio paths, both useful and interfering path, are in perfect line of sight (LOS). In this way the worst case is
considered because the possible interfering attenuation due to a non perfect LOS condition isignored.

In the following clauses all the link budget equations (see note) are expressed in logarithmic units (decibel).

NOTE: Where the output power are intended at the antenna port (cable losses included).

7.2 Analysis methodology

7.2.1 Net filter discrimination

The same evaluation method described in clause 6.2.1 holds.

7.2.2 Class B1 analysis

This class regards the interference from the CRS of the P-M P system to the P-P system. The generic scenario to be
considered is depicted in figure 10, where the geometric parameters (d and 6) are shown. The P-P station considered for
the interference is P-P, while P-P' is depicted only for a better understanding of the meaning of 6. In fact, P-P' usually is
far away from the cell areaif P-Pisthe nearest station.
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PP

PMP cell

Figure 10: Generic scenario for class Bl interference analysis
The useful signal received by P-Pis
— pth
C=Px +M (25)

where Pptg isthe P-P receiver sensitivity (threshold) and M, isthelink margin over the threshold.

Theinterfering power, generated by CRS, can be calculated as

| = Plyp + Gegg + Gop (6) ~ 20 Enogm(@] ~ NFD (26

where Pl isthetotal power emitted by the P-MP system, Gggisthe CRS antennagain, G, (6) isthe

P-P antenna gain at 6 degrees, A isthe carrier wavelength (same units as d) and NFD is the filter discrimination of
P-P system with respect the P-MP spectrum emission.

In particular P;MP isthe total power emitted by the P-MP system under maximum loading conditions. That is when all

time slotsare used in TDMA systems, or when all the PN codes are used in CDMA systems, or when all the sub-
carriersare used in FDMA systems. Combining previous equationsit is possible to calculate the carrier to interference
ratio as

4rd

C
|_ = (PFEE +M PP) - PFt’MP - (GCRS + GPP (6)) +20 D]oglo( j +NFD (27)

that depends on systems parameters and on the distance (d) and decoupling angle (8) among the CRS and P-P.
Therefore, it is possible to evaluate the minimum distance (d) required in order to obtain a C/I ratio greater than the

minimum carrier to interference ratio (C%) ~ alowed by P-P system:
min

3 )P GG (0P8 -NFD

d= s a0 2 (28)
m

that is afunction of the angular decoupling (6).
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7.2.3 Class B2 analysis

This class regards the interference from the P-P system to the CRS of the P-MP system. The generic scenario to be
considered is depicted in figure 11, where the geometric parameters (d and 0) are shown.

PP

PMPcdl

Figure 11: Generic scenario for class B2 interference analysis
The minimum useful signal received by CRS (from farthest TS), independently whether RTPC isimplemented or not, is
— pth
C=PFoyp * Mpyp (29)
where the margin can also be null, depending on propagation conditions and on RTPC strategy.
Since the distance between P-P and CRS is d the interfering signal is

4
| = P + Gpp (6) + Gers — 200G, (TJ - NFD (30)
where NFD isthe CRS receiving filter discrimination with respect the P-P emitted spectrum.

Combining previous equations it is possible to obtain the C/I ratio as

C

4rld
n = (Powe + Mpyp) = Pop = Gep (6) = Gegs +20 |:]]Oglo(

j + NFD (31)

In this case, asfor class B1, it is possible to evaluate the minimum distance (d) required in order to obtain a C/l ratio

greater than the minimum carrier to interference ratio (C%) ~ dlowed by P-MP system:
min

y (%)min+P£’P+GCRS+GPP(€)_(P;RAP+MPMP)_NFD

d> e 1o 20 (32)
JT

that is a function of the angular decoupling (6).
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7.2.4 Class B3 analysis

This class regards the interference from the TS of the P-MP system to the P-P system. The generic scenario to be
considered is depicted in figure 12, where, in addition to the general geometric parameters (d and 6), the two decoupling
angles (a and 3) between TS and P-P are shown.

PMP cell

Figure 12: Generic scenario for class B3 interference analysis
The useful signal received by P-Pis
— pth
C=Pp+M (33)

as described in clause 7.2.2. If the TS implements a remote transmitter power control (RTPC) its transmitted power is

4rld2
Prs = PFt’rl\]/IP +Mpyp = Grs = Gers +20H0gy, (TJ (34)

where Pie + M o0 isthe wanted received power, G, isthe interfering user antenna gain, G the CRS antenna
gain and dy is the distance from TSto CRS. If no RTPC isused P = PTtS , that is an upper bound of previous
equation, where F’TtS isthe TS nominal power emitted for asingle channel, that is different for any access method. For
TDMA systems F’TtS isthe useful power associated to each time slot and corresponds to the peak power. For CDMA

systems F’TtS is the power associated to each code. For FDMA systems PTtS is the power associated to each sub-carrier.

In both cases the interference power on P-P station is

| = P +Ge (@) + Gyn (B) - 20 Enogm(“”TmlJ ~ NFD 3

where the terms refer to the usual notation, NFD isthe P-P receiving filter discrimination with respect the TS emitted
spectrum and d1 is the distance between the TS and P-P. Combining previous equations the carrier to interference ratio

can be obtained, for a given geometrical scenario with a particular TS position, as

C d2
|_ = (PFt‘E‘ *Mep) - (PFt’:/IP + Mopyp) + Gers + AGrs (@) —Gpp (8) - 20 D]Oglo(aJ + NFD (36)
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for aP-MP system with RTPC, where AG (@) = G;5 — G5 (@) isthe TS antenna decoupling. If no RTPC is
implemented the C/I is

C 4rlell
|_ = (PFEE +Mpp) - PTts ~Grs(@) =G (B) - 20 D]oglo(Tj +NFD (37)

In this class of interference it is not useful to evaluate the minimum distance required to avoid interference because the
user (sources of interference) are spread all over the cell area. Equations (36) and (37) must be used to evaluate if there
are some user that can generate interference, once provided the relative position between CRS and P-P (parameters d
and 0).

7.2.5 Class B4 analysis

This class regards the interference from the P-P system to the TS of the P-MP system. The generic scenario to be
considered is depicted in figure 13, where, in addition to the general geometric parameters (d and 6), the two decoupling
angles (a and 3) between TS and P-P are shown.

PP

PMP cell

Figure 13: Generic scenario for class B4 interference analysis

Since the distance between CRS and TSis dy the useful signal is

(38)

C= PFt‘MP + GCRS + GTS -20 D]Oglo(Arﬂsz

where P}, isthe nominal power emitted for asingle channel, that is different for any access method. For TDMA
systems F’TtS isthe useful power associated to each time slot and corresponds to the peak power. For CDMA systems

F’TtS is the power associated to each code. For FDMA systems F’TtS is the power associated to each sub-carrier.

Since the distance between P-P and TSis d4 the interfering signal is

an Emj ~ NFD (39)

I = PFt’P + GPP (:8) + GTS (a) -20 D]Oglo(

where PF‘,P isthe nominal output power of P-P system and NFD the TS recelving filter discrimination with respect the
P-P emitted spectrum. Combining previous equations it is possible to obtain the C/I ratio

C d2
|_ = (PFt’MP - PFt’P) + GCRS + AGTs (a) - GPP (:8) -20 D]Oglo(a] + NFD (40)
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that can be used to evaluate which are the TS (over the P-MP cell area) that have a C/I ratio less than the minimum

alowed (C%) ~ by P-MP system. This analysis can be done for every relative position of CRS and P-P.
min

7.3

Required P-MP system parameters

The required parameters, for the P-MP system, in order to carry out the P-MP/P-P interference analysis are the same
reported in clause 6.4.

7.4

Required P-P system parameters

7.4.1 System parameters available from EN's

Frequency bands: the absolute frequency is very important in order to evaluate minimum distances. In general
the frequency band of systems influences other parameters, such as antenna gain and antenna pattern.

Channel arrangements: this determines which classes (one or more) of interference shall be considered, as
described in clause 5.

Maximum transmitter output power: that is the mean transmitter output power that shall not be exceeded.

Transmitter mask: it isthe only information available in EN's that can be used to eval uate the net filter
discrimination as defined in (1).

Receiver sengitivity: it isthe lower received power level (threshold) that ensures a given BER performance.

Co-channel sensitivity: it isthe minimum value of the carrier to interference ratio ((%) ~ that ensures agiven
min

BER performance with a threshold degradation of 1 dB.

Antenna characteristic: the radiation pattern masks included in appropriate EN's must be used to evaluate
angular decoupling.

7.4.2 Systems parameters not available from EN's

Nominal output power: it isthe maximum power generated by the RF power amplifiers of the system and
declared by the manufacturer. The nominal output power is usually well short of the specified "Maximum
transmitter output power".

Actual receiver sensitivity: the actual receiver sensitivity could be lower than the specified EN's parameter due to
the use of better receivers and coding schemes.

Actual co-channel sensitivity: the actual degradation of performances due to interference could be lower than
those specified in EN's.

Antennas characteristics: while the radiation patterns are defined in proper EN'sit isimportant to know also the
actual antennagain for both CRS and TS and not only their minimum values.

Power control and link margin: also considering the " Typical output power" it isimportant to know the
behaviour of the power control mechanism (ATPC or RTPC) used by the system to carry out a more realistic
interference analysis.

Radiated power spectral density: it is the actual emitted spectrum that can be used to evaluate a more realistic
NFD value with respect the one evaluated by the "Transmitter mask".

Receiving filter characteristic: at least, the equivalent square root raised cosine parameters (symbol rate and

roll-off) can be used to evaluate a more realistic NFD value. Moreover, the complete receiver mask could be
provided for amore realistic NFD evaluation.
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7.5 Parameters for the evaluation of the degree of interference

Given the previous methodologies for class B interference situations and the considerations regarding the parameters
requested for the interference analysis two important classes of parameters must be defined to accomplish a coherent
analysis of the degree of co-existence between a P-MP and a P-P system. The first class, boundary conditions, include
all the parameters that compl ete the definition of the scenario and the working conditions to be considered for the
co-existence analysis. The second class, evaluation parameters, contains all the parameters necessary to evaluate the
degree of co-existence between the two systems.

7.5.1 Boundary conditions

7511 Frequency band and channel arrangement

The operating frequency band of the systems isthe key parameter to define which ETSI standard must be used to pick
up system's parameters and to eval uate free space attenuation. The channel arrangement (channel spacing and frequency
adjacency between the two systems) must be used to choose which classes (B1, B2, B3 and B4) of interference must be
analysed accordingly to clause 5.

7.5.1.2 Receiver sensitivity, degradation and inter-system interference

To carry out the analysis of intra-system interference between P-P and P-MP systems al so the inter-system interference
(due to cellular planning for P-MP system and link planning for P-P system) must be considered. The simplest way to
accomplish the analysisis the following. Provided that in ETSI standards the minimum threshold degradation specified
is1 dB, we can associate this degradation to the intra-system interference. Thus, considering the 1 dB degraded receiver
sensitivity, and the corresponding C/1 ratio for the co-existence analysis, the rest of degradation (up to 3 dB, as specified
in ETSI) can be used by the operator to plan its own cellular network or P-P network. In other words a minimum
portion of degradation is spent for intra-system interference while the rest is given to the operator for inter-system
interference.

7.5.1.3 Margin on receiver sensitivity

The link (or fade) margin on receiver sensitivity for P-MP system (M ;5 ) is the margin considered during the
planning phase of the system development. In the interference analysis there are two ways to consider this parameter.

1) The power margins used in the analysis are equal to those used during the cell planning; this allows to study the
interference in normal propagation conditions.

2) The power margin on P-MP system is zero; this allows to study the interference on worst propagation conditions.

Thelink (or fade) margin on receiver sensitivity for P-P system (M ) is the margin on link budget to reach the

requested objectives of quality and availability. In the interference analysis there are three ways to consider this
parameter.

1) The margin on P-Pis zero; this allows to study the interference on worst propagation condition (that is fading or
rain attenuation on P-P link).

2) Themarginisequal to the link margin: this allows studying the interference on clear sky condition for a system
without RTPC.

3) Themarginisequal to the link margin decreased by RTPC dynamic: this allows studying the interference on
clear sky condition for a system with RTPC.

7514 Cell radius

The cell radius of P-MP system defines the cell area where the interference (for a subset of interference classes) will be
evaluated or the source of interference will be placed. Therefore, the maximum radius, once given the system
parameters and a reasonable margin, shall be considered.
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7.5.1.5 Antenna pattern and gain

The antenna parameters are very important in the evaluation of the interference. If the actual values of antenna pattern
are not available it is possible to use the masks reported in the relevant ETSI standard for P-MP antennas. Indeed, for
the antenna gain is necessary to have the actual values.

7.5.2 Evaluation parameters

7521 Class B1 evaluation parameters

In the case of CRS that interferes the P-P system it is possible to evaluate using equation (28) the minimum distances
(between CRS and P-P) requested to avoid any interference effect for different angle decoupling. The smaller are the
distances the better is the degree of co-existence.

75.2.2 Class B2 evaluation parameters

In the case of P-P system that interferes the CRS of P-MP system it is possible to eval uate using equation (32) the
minimum distances (between CRS and P-P) requested to avoid any interference effect for different angle decoupling.
The smaller are the distances the better is the degree of co-existence.

75.2.3 Class B3 evaluation parameters

In the case where the sources of interference (toward P-P system) are the TS of P-MP system equations (36) and (37)
provide us which are the TS that, alone, generate a smaller C/I ratio on P-P system, once provided the geometry of P-P
and CRS. But thisisthe actual behaviour if the P-MP system is TDMA or FDMA; while for CDMA systemsit must be
taken into account that more than one TS transmit at the same time.

However, it is possible to eval uate the percentage of cell area (%K O) where are placed the TS that alone generates a C/I
ratio less than (C%) ~ for agiven geometry. Obviously, for a given geometry, the smaller is the percentage the better
min

isthe degree of co-existence.

75.2.4 Class B4 evaluation parameters

In the case of P-P system that interferesthe TS of a P-MP system equation (40) provides which are the TS that are

interfered (C/I ratio less than (%) ), for agiven geometry of P-P and CRS, in terms of percentage of cell area
min

(%K O). Obviously, for a given geometry, the smaller isthe percentage the better is the degree of co-existence.

8 Evaluation of the degree of co-existence
for P-MP systems

In this clause some conclusions regarding the rules of co-existence between two P-MP systems are given. These rules or
general considerations can be derived by the methodol ogies described in clause 6. Moreover, some of the rules are well
pointed out in the examples of co-existence analysis reported in annex A.

8.1 Considerations related to a specific class of interference

In this clause are reported some qualitative considerations on the degree of co-existence between two systems when one
particular kind of interference class (defined in clause 5) is taken into account. In particular, the problems of site sharing
(the two systems use the same mast for CRS's), near site placing (the two CRS sites are only few hundred meters far
away) and the potential interference area are exploited.
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8.1.1 Class Al considerations
This class regards the interference from the CRS of the interfering system to a TS of the useful system.

It can be easily proved that site sharing is possible and, moreover, that thisis the better situation to accomplish the
co-existence. Thisis dueto the fact that interfering and useful paths are always the same, thus no unbalance on
propagation attenuation influences the C/I ratio. In some cases, with site sharing, the co-existence could be possible
without guard bands between the two systems.

Obviously, near site placing is alowed too. This condition may not be so unusual (instead of site sharing) since we are
considering systems operating in the same frequency band (similar coverage capacity) and in the same area (same
coverage impairments due to buildings or hills).

Vice versy, if there is no site sharing or near site placing, at least one channel of guard band is requested to overcome
the overlapping cell problem (the interfered TSis nearer the interfering CRS than the useful CRS). Anyway, a small
interfered area around the interfering CRS still remains. Thisimplies that operators of the two systems must observe a
minimum of co-existence etiquette to avoid mutual interference without wasting spectrum.

8.1.2 Class A2 considerations

This class regards the interference from a TS of the interfering system to the CRS of the useful system.

Due to the symmetry with class A1 (already pointed out in clause 6) the same considerations of clause 8.1.1 apply also
to class A2.

8.1.3 Class A3 considerations

This class regards the interference from the CRS of the interfering system to the CRS of the useful system. In thiscase a
minimum distance between the two CRS's is requested, see equation (16), thus no site sharing is possible.

Moreover, in order to reduce the distance requested to a few hundreds meters (Ilow degree of co-ordination and near site
placing) it is always necessary to provide a guard band between systems. Otherwise, the requested degree of
co-ordination between the operators could be unacceptable if the required distances are in the same order of magnitude
asthe cell radius.

8.1.4 Class A4 considerations

This class regards the interference from a TS of the interfering systemto a TS of the useful system.

In this case the site sharing is possible but does not relax the problem of co-existence. In order to control the mutual
interference between TS'sis necessary to provide a useful guard band that reduces the minimum distance of interference
equation (24) to afew hundred meters.

Nonetheless, the probability to have interference between TS'sis not low or restricted to a particular area due to the high
number of possible sources and victims of interference.

In this case operators may expect to face some particular interference situations that change during the deployment of
the two networks. For example, when two TS's (one for each operator) must be installed on the same roof.

8.2 General rules to accomplish co-existence

In this clause some general rules (that are not directly associated to a particular class) to accomplish co-existence are
given. In particular, one clause regards the rules on system's parameters while the other is related to general deployment
rules that could facilitate the co-existence on the same area with the minimum waste of spectrum.
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8.2.1 Rules on system's parameters
The following rules can be easily derived by methodol ogies described in clause 6.

¢ Thegreater isthe NFD the smaller is the requested guard band. This rule obviously appliesto all classes of
interference. Thus, the NFD values derived from EN's to eval uate the necessary guard band must be as close as
possible to actual system performance. Thisisatopic issue to avoid wasting of spectrum.

* TheEIRP's (Effectively | sotropic Radiated Power) of the two P-MP CRS's, defined as the sum of the nominal
output power and CRS antenna gain, should be similar in order to reduce class Al interference.

e Theuse of RTPC on TS'sreduces the average interference produced for classes A2 and A4. Thus, it reduces the
guard band requested.

¢ When considering equal channel spacing similar receiver sensitivity reduces the requested guard band for class
A2. Moreover, this condition lead to have similar cell radius for the two systems because the frequency band is
the same and the output power is, more or less, the same. Thisimplies that only one interfering CRS s present
on the useful cell area and therefore the interfered areaisrestricted around this CRS. Vice versathe interfered
cell areais the sum of two (or more) of such areas.

8.2.2 Deployment rules

A useful deployment rule to facilitate the co-existence of two FDD P-MP systems operating on the same areaiit isto
assign one of the two paired sub bands (foreseen in many ERC recommendations) for the downlink and the other for
uplink.

In this way the only interference classes to be considered are A1 and A2 (see clause 5). As described in clause 8.1 both
classes allow site sharing or near site placing (guard band may be avoided) and lead to arestricted and well defined
residual interference area when no site sharing is used.

Another useful guideline isto arrange on adjacent channels systems with similar channel spacing because the guard
band requested is usually equal to the larger channel spacing. In this way the wasted spectrum is reduced.

When, at least, one of the two P-MP systems uses TDD duplex technique class A3 must be taken into account. Thus, at
least, one channel (usually two channels) of guard band should be foreseen in order to grant some sort of near site
placing and to reduce the requested co-ordination between operators.

8.3 Parameters not available in EN's

In clause 6 isreported alist of parameters (necessary for the interference analysis) that are labelled as "not available in
the EN's', in the sense that only some sort of limits are available in EN's. This labelling reflect the necessity
(see annexes A and B) to have tighter values than the limits usually reported in the EN's.

But one of the requested parameters to accomplish the interference analysisis not really defined and it cannot be
derived by EN's. Thisisthe NFD, that is the net filter discrimination of areceiver with respect the emitted spectrum of a
different system.

In the present document a way to evaluate the NFD is provided and it is based on the equivalent raised cosine filter
parameters and on transmitter masks reported in EN's. Obviously, this method can be applied if and only if a particular
systemis considered and, therefore, the manufacturer can provide the equivalent raised cosine filter parameters.

Since the number of equipment classes and channel arrangements allowed within an EN is hugeit is quite impossible to
provide the requested NFD limits for all the possible combinations. Moreover, for co-existence purposesit would be
necessary to have all the cross NFD's between equipments compliant with different standards that apply in the same
frequency band.

Therefore, in order to alow the NFD eval uation the EN's should define the necessary parameters:
e transmitter spectrum mask: already defined in all the EN's but usually far from actual RF emitted spectrum;

e receiver sensitivity mask: not defined in the EN's.
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Moreover, these two parameters should be defined in away that they will result to be similar (if not identical) or
scaleable for different equipment classes and channel arrangements. By doing this the co-existence evaluation would be
easier and the use of the spectrum more efficient.

It should be noted that a method to derive the P-P receiver parameters necessary for co-existenceis contained in
ETSI TR 101 854 [8]. It is expected that a similar report will be produced also for P-MP systems.

9 Evaluation of the degree of co-existence
for P-MP and P-P systems

In this clause some conclusions regarding the rules of co-existence between P-MP and P-P systems are given. These
rules or general considerations can be derived by the methodol ogies described in clause 7. Moreover, some of the rules
are well pointed out in the examples of co-existence analysis reported in annex B.

9.1 Considerations related to a specific class of interference

In this clause are reported some qualitative considerations on the degree of co-existence between a P-MP and a P-P
systems when only one kind of interference class (classes B defined in clause 5) istaken into account. In particular, the
problems of site sharing (the two systems use the same mast), the distance and angular decoupling, the potential
interference area are exploited.

9.1.1 Class B1 considerations

This class regards the interference from the CRS of the P-MP system to the P-P system, thus it involves only two sites
and it can be considered as P-P/P-P co-existence (since it requires distance and co-ordination area).

No site sharing is possible and between CRS and P-P sites a minimum distance is required. This distance, once given a
frequency decoupling (NFD), is afunction of the angular decoupling between P-P link and CRS site. The closer isthe
link path to CRS the higher is the distance required.

9.1.2 Class B2 considerations

This class regards the interference from the P-P system to the CRS of the P-MP system. Due to the geometric symmetry
with class B1 the same considerations of clause 9.1.1 apply aso to class B2. Thus, it is necessary a minimum distance
between CRS and P-P site to avoid interference.

9.1.3 Class B3 considerations
This class regards the interference from the TS of the P-MP system to the P-P system.

Site sharing is the worst situation (see annex B) and requires the highest frequency separation. In general, even without
site sharing, if no sufficient frequency decoupling is provided and if the P-P link crosses the P-MP cell areathereis
always an area of potential TS interference in correspondence of P-P link. This situation (even if the areais small)
cannot be accepted because even if only one TSiswithin that area it provides a quality degradation or an unavailability
period to the P-P link each time it set up a connection.

Thisfact, in conjunction with higher antenna gain on P-P link with respect the CRS antenna of a P-MP systems, means
that to overcome this class of interference is necessary a higher guard band than those required for P-MP to P-MP
co-existence.

9.1.4  Class B4 considerations
This class regards the interference from the P-P system to the TS of the P-MP system. Due to the geometric symmetry

with class B3 the same considerations of clause 9.1.3 apply aso to class B4; i.e. thisinterference situation requires a
wide guard band in order to avoid the interference on P-MP TS placed on the P-P link path.
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9.2 General rules to accomplish co-existence

In this clause some general rules (that are not directly associated to a particular class) to accomplish co-existence are
given. In particular, one clause regards the rules on system's parameters while the other is related to general deployment
rules that could facilitate the co-existence on the same area with the minimum waste of spectrum.

9.2.1 Rules on system's parameters
The following rules can be easily derived by methodol ogies described in clause 7.

e Thegreater isthe NFD the smaller isthe requested guard band or the minimum distance. Thisrule obviousy
appliesto all classes of interference. Thus, the NFD values (for both P-MP and P-P systems) derived from EN's
must be as close as possible to actual system performance. Thisisatopic issueto avoid wasting of spectrum.

¢ Inorder to provide the maximum angular decoupling (classes B1 and B2) P-P antenna patterns should be
compliant to higher order classes masks (defined in the relevant ETSI standard EN 302 085[1] or
EN 300 833 [2]) if the P-P link will be deployed in an interference congested area. If the P-P link is already
deployed the CRS's of P-MP system should be placed far away from the P-P site accordingly to antenna pattern
used by P-P link.

e Thehigher isthe capacity (and channel spacing) of the P-P system the more difficult is the co-existence with a
P-MP system due to higher C/I ratios requested by P-P and higher guard band required.

9.2.2 Deployment rules

Two different deployment scenarios can be considered: the first when only one P-P site is within the deployment area
of P-MP system (urban area), the second when the entire P-P link (both sites) is within the deployment area of
P-MP system. The two following rules hold for the two different scenarios.

1) One P-P site: since only one side of the P-P link must be taken into account it can be useful to foresee the
channel arrangement of figure 14. In this way only classes B1 and B2 are present, and a reasonable combination
of minimum distance, angular decoupling and guard band can overcome the interference.

Sub-band 1 Sub-band 2

. Band Gap .
PMP PP : PMP PP
Down Rx : Up TX

'

Fregquency

Figure 14: Useful channel arrangement

2) Theentire P-Plink: in this case al four interference classes are present disregarding any possible channel
arrangement (once we considering adjacent channels). Thus, due to classes B3 and B4 a greater guard band is
reguested to allow the co-existence of a P-P link all over the P-MP deployment area.

9.3 Parameters not available in EN's

The same considerations of clause 8.3 also apply for P-MP and P-P co-existence.
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Annex A:
Examples of P-MP vs P-MP co-existence analysis

In this clause some examples of co-existence analysis between two P-MP systems with different characteristics (channel
spacing, access method, duplex technique, etc.) but operating in the same frequency band are reported.

These examples provide some guidelines on how to use the interference eval uation methodologies, described in
clause 6, in order to establish the necessary guard bands, the degree of co-existence and the residual risk of interference.

The examples are carried out both using the actual system parameters of commercial equipment (provided by
manufacturers) and their limits reported in the relevant ETS| standard.

The main characteristics of the examples carried out in the following clauses can be summarized as follows.

EXAMPLE 1:  Systemsoperating in the 3,5 GHz band, one using TDMA access method together with
FDD duplex technique, the other using FH-CDMA together with TDD duplex technique.

EXAMPLE 2:  Systems operating in the 26 GHz band both using TDMA access method and FDD duplex
technique.

EXAMPLE 3:  Systems operating in the 26 GHz band, one using TDMA access method, the other using

FDMA access method and both employing FDD duplex technique.

A.l  Systems in the 3,5 GHz band

In this example we consider two P-MP systems operating in the 3,5 GHz band, one using a TDMA access method
(namely TDM) and the other using FH-CDMA access method (namely FHCD). Their actual system parameters together
with their relevant ETSI limits are reported in table A.1.

Table A.1: System parameters

TDM FHCD
Parameter Actual EN 301 021 [3] Actual EN 301 253 [4]
Access method TDMA TDMA FH-CDMA FH-CDMA
Duplex technigue FDD FDD TDD TDD
Channel spacing [MHZz] 3,5 3,5 1 1
RF spectrum Figure A.1 Figure A.1 Figure A.1 Figure A.1
CRS Transmission power [dBm] 28 <35 25 <35
TS Transmission power [dBm] 27 <35 25 < 35
Uplink power control yes - yes -
Sensitivity [dBm] @ BER=10"6 -92 -83 -90 -90
Power margin [dB] on sensitivity 10 - 10 -
Symbol rate [Mbaud] 2,5 - 0,75 -
Roll-off 0,4 - 0,35 -
CRS antenna gain (see note) [dBi] 15 - 13 -
TS antenna gain [dBi] 15 - 14 -
TS antenna pattern Figure A.2 Figure A.2 Figure A.2 Figure A.2
C/I limit [dB] @ BER=10"6 14 23 15 21
Sensitivity degradation=1 dB
NOTE: CRS antenna gain reported refer to a 90 degree sectored antennas.

In figure A.1 the RF emitted spectrums of the two systems are reported, normalized with respect the maximum, as a
function of the frequency offset from the carrier frequency (f0). For both systems the actual RF spectrum (normal lines)
and the ETSI spectrum mask (bold lines) are depicted. In this analysis we do not consider spurious emissions limits that
are defined beyond 250 % of channel spacing.
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Figure A.2 shows the TS antenna patterns (on the azimuth plane) normalized with respect to the maximum gain
(reported in table A.1). For the TDM system an actual antenna pattern is used while for the other cases we used the
antenna pattern envelope mask of EN 302 085 [1] (P-MP antennain 3 GHz to 11 GHz) (class5inrange 1).
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Figure A.1: RF emitted spectrums
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Figure A.2: Antenna pattern envelope on the azimuth plane

Once given al the necessary system parameters the first step to be done is the evaluation of the NFD of one system
against the other considering different guard band (GB) between the two systems. In this case we consider three
situations: adjacent channels (carriers frequency separation of 2,25 MHz), 1 MHz guard band (carriers frequency
separation of 3,25 MHz), which is equal to the FHCD system channel spacing, and 3,5 MHz guard band (carriers
frequency separation of 5,75 MHz) which is equal to the TDM channel spacing. Table A.2 shows the NFD evaluated
with both actual RF spectrum and ET S| spectrum mask, but using always the equivalent square root raised cosine filter
approximation of the receiving filters (symbol rate and roll off). The valuesin this table should be interpreted as
follows. Let's consider the upper left corner value (36,7 dB), thisisthe NFD of FHCD (victim) receiving filter with
respect the (actual) RF spectrum emitted by TDM (source) when the two channel are adjacent (0 MHz guard band).

In general you can see that NFD values of FHCD are lower, with respect TDM, than the opposite due to the fact that
TDM has alarger channel spacing than FHCDM.
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Table A.2: NFD values (dB)

NFD [dB]

Source/victim RF spectrum GB=0 MHz GB=1 MHz GB=3,5 MHz
TDM/FHCD Actual 36,7 41,2 61
TDM/FHCD ETSI 22 31,5 445
FHCD/TDM Actual 33 58 71
FHCD/TDM ETSI 29,9 41,5 45

Since the FHCD system employs a TDD duplex technique there may be different channel arrangements with respect to
the TDM FDD system as described in clause 5. However, in any case there is always the interference class A3 (between
CRS's) to be considered. This class of interference imposes a minimum distance between CRS's

(see equation (16) in clause 6.2.4) in order to obtain the desired C/I ratio on the useful CRS. The requested distances,
evaluated for the same situations of relevant NFD values of table A.2, are reported in table A.3.

Table A.3: Requested distances [km] between CRS's to overcome A3 interference

Distance [km]

Source/victim RF spectrum GB=0 MHz GB=1 MHz GB=3,5 MHz
TDM/FHCD Actual 11,2 6,7 0,68
TDM/FHCD ETSI 60,7 20,3 4,5
FHCD/TDM Actual 13,6 0,76 0,17
FHCD/TDM ETSI 19,5 5,1 3,4

Table A.3 points out that, at least, a guard band equal to the largest channel (3,5 MHZ) is necessary in order to reduce
the requested minimum distances to reasonable values (few hundred meters) with respect the cell radius of this kind of
systems (typical medium coverage distance of about 15 km). In particular, with actual NFD values, 0,68 km (grey cell
in table A.3) are necessary if the FHCD channel is near the TDM downlink channel while only 0,17 km if FHCD
channel is near the TDM uplink channel (depending on channel arrangement).

But, if we consider NFD values obtained by ETSI spectrum mask, distances of about 3-4 km are necessary. This
requires a high degree of co-ordination between operators that could not be possible in practice. Thus, an additional
channel guard band should be provided in order to have distances of few hundred meters (or less).

Let's now consider to have a 3,5 MHz guard band, in order to provide a small requested distance between CRS's, and
let's use the actual system parameters to evaluate the effect of classes A1 (CRSon TS) and A2 (TS on CRS) of
interference. As described in clause 6, it is useful to first evaluate the C/1 ratios available in the particular situation
(even if not allowed in this case due to A3 interference) of co-sited CRS. These values are reported in table A.4 for all
possible combinations and for similar propagation conditions on useful and interfering link. These values were
computed using equation (5) (for the Al case) and equation (11) (for the A2 case).

Table A.4: C/l ratios for co-sited CRS's (class Al and A2) using actual parameters

Source/victim Interference class | C/l [dB]
TDM/FHCD Al 56
TDM/FHCD A2 65
FHCD/TDM Al 76
FHCD/TDM A2 67
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Obviously, depending on channel arrangement, there will be to consider only two of the four interference of table A.4.
However, we can take into account the worst interference situation (TDM on FHCDM, class A1) and suppose a further
10 dB degradation due to different propagation conditions (mainly fading at this frequency). Since the FHCD system
requires a 15 dB of minimum C/I we obtain a

A[C/1]=56-10-15=31dB (41)

that, accordingly to table 6, provides a good margin (more than 30 dB) to overcome the overlapping cell problem when
the CRS are placed in different sites. In other words, the A1 and A2 interference classesin this case will not produce a
significant %K O area with interference problem. Applying the methods described in clause 6, a maximum %K O
smaller than 0,5 % will always be obtained.

Therefore, using actual parameters, once provided the guard band (3,5 MHZz) necessary to ensure a reasonabl e distance
between CRS's the other possible interference classes are negligible. Also class A4 (interference between TS's) can be
easily neglected due to high NFD (frequency decoupling) combined with their antenna directivity (space decoupling).

Let's now consider to have the same 3,5 MHz guard band, but we want to evaluate the effects of classes A1 and A2
using the limits on parameters provided by ETSI standard. As done before, it is useful to first evaluate the C/l ratios
available in the particular situation (not allowed in this case due to A3 interference) of CRS co-sited. These values are
reported in table A.5 for all possible combinations and for similar propagation conditions on useful and interfering link.
These values are obtained using NFD values from ETS| limits and considering an equal EIRP (the sum of transmission
power and antenna gain) on both systems since only upper limits are provided by ETSI standard. Thisis the best
situation for smaller interference effects. Moreover, it was assumed that both systems use an uplink power control
(nevertheless not specified in ETSI standard) in order to reduce the interfering power.

Table A.5: C/l ratios for co-sited CRS's (class Al and A2) using ETSI limits

Source/victim Interference class | C/I [dB]
TDM/FHCD Al 44,5
TDM/FHCD A2 37,5
FHCD/TDM Al 45
FHCD/TDM A2 52

In this case the worst interference situation (TDM on FHCD, class A2) provides a C/1=37,5 dB due to the unbalance on
systems sensitivity (-90 dBm against -83 dBm). This value, combined with a 10 dB degradation due to propagation on
useful link and the 21 dB requested by ETSI limits, leads to a margin of

A[C/1]=375-10-21=65 dB 42)

on C/I ratio. Accordingly to table 6, this value (6,5 dB) is not sufficient to overcome the overlapping cell problemin a
strong way as for the previous situation with actual parameters (31 dB). In figure A.3 is depicted the %K O area
(considering a 15 km cell radius), as a function of the distance between CRS's, for the 6,5 dB situation (equal EIRP) and
for a3 dB unbalanced situation on EIRP (3 dB EIRP unbalance) due to different CRS antenna gain or power control
error.
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Figure A.3: %KO area for class A2 (TDM on FHCD) with ETSI limits

For both situations figure A.3 points out a maximum %K O of about 3-4 % that cannot be neglected. In fact, the area
(%K O) where any TS of the TDM system interferes the CRS of the FHCD is ho more arestricted slice around the CRS.
Moreover, for the 3 dB EIRP unbalance situation the high values of %K O interests a wider range of distance between
CRSs. Thus, the probability to have interference is higher.

Infigure A.4 is depicted the C/I ratio, generated by aTDM TS, depending on its position within the TDM cell area
(cell radius of 15 km) when the distance between the CRS'sis 8 km and with equal EIRP.
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Infigure A.4 the black area corresponds to %K O area where any potential TS could generates (alone) a C/l ratio smaller
than 21 dB, that are requested by the FHCD system. As you can see this areais such a sector centred on FHCD CRS
that continues beyond cell boundaries.

Therefore, using ETSI limits, a 3,5 MHz guard band is not sufficient in order to grant a good degree of co-existence
between two systems (such as those here considered) compliant with the considered classes of ETSI EN 301 021 [3]
and EN 301 253 [4]. In fact, distances of 3-4 km between CRS's are requested and classes A1 and A2 residual
interfering areas are not negligible. Thus, an additional guard band (for atotal of 7 MHz) isrequested in order to ensure
an independent (for operators) and free-of-interference deployment of the two cellular networks.

This example points out the following general facts.

1) When considering the co-existence of systems with different channel spacing the most critical interference
situation is on the system with the smaller channel spacing. Thisis due to greater RF out of band emissions
generated by the system with larger channel spacing (that produces smaller values of NFD).

2) When one system is TDD the more stringent requirements, in terms of frequency separation (requested NFD),
are usually on A3 interference between CRS's. Once provided the NFD necessary to reduce distances between
CRS'sto afew hundred meters, the residual risk of interference between CRSand TS, TSand CRS, TSand TS
isusualy negligible.

3) When one systemis TDD, in order to allow distances between CRS's of few hundred meters (or less), aguard
band of one channel spacing (equalsto largest channel spacing of two systemsinvolved) is aways necessary and
two channel spacing could be necessary (in particular, if ETSI limits are used in for co-existence analysis).

4) In some cases the differences between ETSI limits and actual parameters (in particular on NFD eval uation and
receiver sengitivity) lead to a quite different evaluation on the requested guard bands.

A.2  Two TDMA systems in the 26 GHz band

In this example we consider two P-MP systems operating in the 26 GHz band both using a TDMA access method
(namely TDM1 and TDM2). Their actual system parameters are reported in table A.6. As you can see the two systems
are actually the same since they present the same parameters.

Table A.6: System parameters

Parameter TDM1 TDM2
Access method TDMA TDMA
Duplex technique FDD FDD
Channel spacing [MHZz] 28 28
RF spectrum - -
CRS Transmission power [dBm] 24 24
TS Transmission power [dBm] 24 24
Uplink power control Yes Yes
Sensitivity [dBm] @ BER=1075 17 17
Power margin [dB] on sensitivity 25 25
Symbol rate [Mbaud] - -
Roll-off - -
CRS antenna gain (see note) [dBi] 19 19
TS antenna gain [dBi] 34 34
TS antenna pattern See figure A5 | See figure A5
C/I limit [dB] @ BER=10"0 21 21
Sensitivity degradation=1 dB
NOTE: CRS antenna gain reported refer to a 90 degrees sector

antenna.
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The 25 dB power margin on sensitivity (see table A.6) represents the rain margin in a K-climatic zone (as defined in
ITU-R Recommendation P.837-2 [7]) for a cell radius of about 4 km. It represents the requested margin in order to
overcome the rain attenuation. Thisis the main difference with respect the previous example in the 3,5 GHz band where
the rain has no attenuation effect on radio signal.

Figure A.5 shows the TS antenna patterns (on the azimuth plane).

In this case we don't use the RF spectrum and the equivalent parameters of receiving filters to evaluate the NFD. Since
we are considering systems with the same channel spacing it is possible to evaluate (as the difference between co-
cannel and adjacent channel interference sensitivity) the requested NFD by the relevant EN 301 213-3 [5]. In this case

(system type A of [5]), considering a 1 dB threshold degradation for BER=10"6 it is possible to derive an NFD=23 dB
when the two channel are adjacent.

When we consider a guard band equal to the systems channel spacing (28 MHz) we use the NFD=54 dB provided by
measurement carried out by the manufacturer.

G [dBi]

Azimuth [deg]

Figure A.5: Antenna pattern envelope on the azimuth plane

Since we are considering two systems that use FDD duplex technique, and assumed that both use the same sub-band for
CRS transmission, and consequently for TS transmission (see figure 1 case 1), the only interference classes to be
considered are A1 (CRSto TS) and A2 (TS to CRS). Moreover, we can consider only the interference from TDM1 to
TDM2 because the vice versa is the same due to fact that the two systems are identical.

Thefirst step to be done is the evaluation the C/1 ratios available in the particular situation of co-sited CRS. These
values are reported in table A.7 for classes A1, A2 and for the two NFD values considered.

Table A.7: C/l ratios for co-sited CRS's (class Al and A2) using actual parameters

Guard band [MHZz] NFD Interference class C/I [dB]
0 23 Al 23
28 54 Al 54
0 23 A2 23
28 54 A2 54

Asyou can see the C/ ratios equal the NFD values because of the identical systems parameters. This is the most
favourable condition for co-existence. In fact, if we suppose the co-sited CRS the C/I achieved with no guard band
(23 dB) is sufficient for the 21 dB requested by this system. Therefore, if site sharing is used those two systems can
co-exists without any guard band.
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The near site placing (CRS's placed within few hundred meters) is quite critical because the 2 dB of margin
(23 dB-21 dB) are not sufficient to overcome the little unbalance on free space attenuation. This unbalance is then
worsened by the rain un-correlated attenuation on useful and interfering link.

It should be pointed out that a tighter NFD requirement by EN (for example 30 dB) will allow:
« the near site placing (30-21=9 dB are sufficient to overcome little unbalance on propagation);

« thesite sharing (and probably even the near site placing) when the two systems parameters are slightly different
on transmitted power, antenna gain and receiver sensitivity, e.g. systems by different manufacturer.

On the other hand, if no site sharing (or near site placing) is foreseen by the operators the free space and the
un-correlated rain attenuation must be considered. We first consider the class Al interference (from CRSto TS) and
we evaluate the necessary guard band.

In order to simulate the possible rain attenuation on useful link, combined with no attenuation on interfering link, when
the overlapping cell problem (interference near — useful far) is considered the useful transmitted power must be
decreased by the rain margin (25 dB in table A.6). Then, we can apply the same method described in clause 6 that will
provide the %K O areain the worst propagation conditions. The results, for the two possible NFD, are reported in
figure A.6.
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Figure A.6: %KO area for class Al interference

The distances between CRS's considered in figure A.6 are greater than 1,5 km because for smaller distance the
un-correlation on rain attenuation decreases and the 25 dB unbalance on power transmission are no more correct.
However, also for distances greater than 1,5 km the %K O is gtill higher than 3 %. This means that during rainfall a
big area (i.e. abig number of TS) will be interfered and many TS will degrade their performances before reaching the
rain margin foreseen in the cell planning.

On the contrary, for NFD=54 dB the %K O area is always smaller than 0,2 % with any possible distance between CRS.
For example, in figure A.7 is depicted the C/I distribution (over the useful cell area) and the interfered areafor CRS
distance of 2 km. Asyou can see, even in worst propagation conditions, the percentage of area with interference
problem (black area) isvery small and easily negligible. Moreover, in clear sky condition the %K O areais actually
zero.
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Figure A.7: C/l distribution over the useful TDM cell area for CRS distance of 2 km

Theinterference class A2 is symmetrical with respect the class A1 already analysed. Thus, the interference problems
and the %K O isthe same as for A1. The results previously showed apply also for class A2.

This example points out the following general facts.

1) Considering two similar systems (for channel spacing, transmitted power, antenna gain and sensitivity) the site
sharing is possible without any guard band, even with NFD requested by EN.

2) The near site placing could be possible, without any guard band and also for non-completely identical systems,
if atighter and reasonable requirement on NFD isimposed.

3) For acompletely uncoordinated deployment of the two networks, due to overlapping cell problem and
un-correlated rain attenuation, a guard band equal to one channel spacing (28 MHz in this example) is requested.

A.3  Different systems in the 26 GHz band

While in the previous clause the co-existence of two identical systems was considered, now it is useful to analyse the
co-existence of two different systems operating in the 26 GHz band. One system isthe TDMA system (namely TDM)
already considered in clause A.2. The second one is an FDMA system (namely FDM) with the same channel spacing of
28 MHz used by TDM system. The main system parameters of FDM system are listed in table A.8.
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Table A.8: FDMA system parameters

Parameter

FDM

Access method

FDMA

Duplex technique

FDD

Channel spacing [MHZ]

28

Number of 2 Mb/s sub-carriers

16

RF spectrum

See figure A.9

Total CRS transmission power [dBm]

18

Single carrier transmission power [dBm]

5

Uplink power control

Yes

Sensitivity [dBm] @ BER=10"6

-95

Power margin [dB] on sensitivity

20

Symbol rate [Mbaud]

1,34

Roll-off

0,3

CRS antenna gain (see note) [dBi]

15

TS antenna gain [dBi]

34,5

TS antenna pattern

See figure A.8

C/l limit [dB] @ BER=106
Sensitivity degradation=1 dB

17,5

NOTE: CRS antenna gain reported refer to a 90 degrees sector

antenna.

ETSI

The 20 dB power margin on sensitivity (see table A.8) represents the rain margin in a K-climatic zone (as defined in
ITU-R Recommendation P.837-2 [7]) for acell radius of about 3 km. It represents the requested margin in order to
overcome the rain attenuation.

A brief description of the FDMA system considered is the following. In the 28 MHz channel there are 16 sub-carriers
each transporting a 2 Mb/s to the end user. The power associated to a single sub-carrier is5 dBm, while the total output
power of the CRSis 18 dBm when transmitting all 16 sub-carriers. The symbol rate per sub-carrier is evaluated
considering a QPSK modulation with a coding rate %4, while the roll off factor is evaluated in order to accommodate
16 carriers within the 28 MHz radio channel.

Figure A.8 shows the TS antenna patterns (on the azimuth plane) used by the FDM system (actual antenna pattern
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Figure A.8: TS antenna pattern envelope, on the azimuth plane, for FDM system

In order to evaluate the NFD figures the spectrum masks, provided by the manufacturers, of figure A.9 have been used.
For the FDMA system the mask represents the emitted spectrum on the CRS when all the 16 sub-carriers are
transmitted (full load condition).
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Figure A.9: RF emitted spectrums
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As described before for the FDM system also for the TDM system the symbol rate and roll off have been evaluated
respectively in 18,75 Mbaud and 0,4. Thisis necessary in order to estimate the NFD values of TDM when the FDM
system isinterfering. Table A.9 shows the NFD values calculated with no guard band (GB) and with a 28 MHz guard
band. It should be noted that, when considering the interference of TDM system on FDMA system, there are 16
different NFD's to be evaluated, one per each sub-carrier. All these values are listed in table A.9. These values are quite
different when no guard band is provided; that is the sub-carrier (1) closer to the interfering TDM channel is the most
interfered and it has a small NFD figure. On the contrary, when a 28 MHz guard band is provided all the NFD
associated to each sub-carrier are he same due to the fact that these channels are placed on the floor (-45 dB) of the
TDM spectrum mask reported in figure A.9.

Table A.9: NFD values (dB)

NFD [dB]
Sourcelvictim Sub-carrier GB=0 MHz GB=28 MHz
FDM/TDM - 41,2 51,3
TDM/FDM 1 21,9 57,5
TDM/FDM 2 26,6 57,5
TDM/FDM 3 31,3 57,5
TDM/FDM 4 35,8 57,5
TDM/FDM 5 39,4 57,5
TDM/FDM 6 42,8 57,5
TDM/FDM 7 46,3 57,5
TDM/FDM 8 49,8 57,5
TDM/FDM 9 53,3 57,5
TDM/FDM 10,11,12,13, 57,5 57,5
14,15,16

Since we are considering two FDD systems we have to eval uate the interference classes A1 and A2 described in
clause 6. Table A.10 shows the C/I ratio expected with co-sited CRS's for both classes, both systems and with 0 and
1 channel of guard band. For the FDM system (victim) interference eval uation the smaller NFD value (sub-carrier 1)
has been used.

Table A.10: C/l ratios for co-sited CRS's (class Al and A2)

Source/Victim Guard band | Interference NFD [dB] co-site C/l [dB] C/I [dB] limit
[MHZz] class
FDM/TDM 0 Al 41,2 51,2 21
FDM/TDM 0 A2 41,2 55,2 21
FDM/TDM 28 Al 51,3 61,3 21
FDM/TDM 28 A2 51,3 65,3 21
TDM/FDM 0 Al 22 -1 17,5
TDM/FDM 0 A2 22 8 17,5
TDM/EDM 28 Al 57,5 34,5 17,5
TDM/EDM 28 A2 57,5 43,5 17,5

By comparing the last two columns (co-site C/I and its limit) of table A.10 it must be noted that:
« the TDM system present a high C/I margin (at least 51,2-21130 dB) also without any guard band;
¢ the FDM system present alow C/I margin (only 34,5-17,5[117,5 dB) even with a 28 MHz guard band.

These facts are related to the different NFD values (in particular for O guard band) and to the different thresholds and
transmitted powers used by the two systems. In fact, the different channel spacing (28 MHz for TDM and
28/16=1,75 MHz for FDM) leads to different sensitivity (-77 dBm for TDM and —95 dBm for FDM).

Since the 0 guard band co-site C/I for TDM on FDM are smaller than the C/I limit it is obvious that, at least, one
channel of guard band is required also for co-site deployment. Therefore, we should better analyse the Al interference
of TDM on FDM that is the worst case (smaller margin) for 1 channel guard band.
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Figure A.10 shows the %K O (interfered) area of the useful FDM cell that is afflicted by an unacceptable level of
interference. In particular, there are two curves of %K O which refer to normal propagation conditions and worst
conditions (25 dB rain attenuation on useful link, no attenuation on interfering link).
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Figure A.10: %KO area for FDM system (class Al, 28 MHz guard band)

Figure A.10 points out that during rain faded conditions there is about 3 % of the whole cell areawherethe C/I ratio is
not sufficient to get the performance objectives. Thus, 1 guard band channel is critical to allow a complete
uncoordinated deployment of two networks using the two systems considered. On the contrary, if we consider a near
site sharing deployment the rain un-correlation become negligible (afew dB) and the %K O will be similar to the %KO
curve related to normal propagation conditions (figure A.10). Thus, a maximum %K O smaller than 0,1 % is achieved
and the near site sharing deployment is feasible with one channel of guard band.

This example points out the following general facts:

1) Considering two adjacent systems with strong difference on system parameters, one channel of guard band
(equal to the largest channel spacing) is necessary even if the site sharing deployment is foreseen.

2) Also near site sharing is possible with one guard band channel.

3) For acompletely uncoordinated deployment a single channel guard band is essential, 2 channel guard band will
accommodate the overlapping cell problem, the un-correlated rain attenuation effects and system gain unbalance
between two different systems.
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Annex B:
Examples of P-MP vs P-P co-existence analysis

In this clause an example of co-existence analysis between a P-MP and a P-P system, operating in the same frequency
band and in the same area, is given.

This example provides some guidelines on how to use the interference evaluation methodol ogies, described in clause 7,
in order to establish the necessary guard bands, the degree of co-existence and the residual risk of interference.

The example is carried out using actual system parameters of commercia equipment (provided by the manufacturers)
and the ETSI limits on parameters reported in the relevant EN standard.

The main characteristics of the examples carried out in the following clause can be summarized as follows.

EXAMPLE 1.  Systemsoperating in the 3,9 GHz band; P-MPisa 3,5 MHz TDMA with FDD duplex technique,
P-Pisa30 MHz equipment suitable for SDH STM-1 system capacity.

EXAMPLE 2:  Systemsoperating in the 26 GHz band; P-MP isa28 MHz TDMA with FDD duplex technique,
P-Pisa56 MHz, 16 QAM eguipment suitable for SDH STM-1 system capacity.

B.1 Systems in the 3,9 GHz band

In this example we consider a P-MP operating in the 3,9 GHz band using a TDMA access method. Its actual system
parameters with their relevant ETSI limits (EN 301 021 [3]) are reported in table B.1.

Table B.1: P-MP system parameters

Parameter Actual EN 301 021 [3]

Access method TDMA TDMA
Duplex technique FDD FDD
Channel spacing [MHZ] 3,5 3,5
RF spectrum Figure B.1 Figure B.1
CRS Transmission power [dBm] 28 < 35
TS Transmission power [dBm] 27 <35
Uplink power control Yes -
Sensitivity [dBm] @ BER=10"6 92 -83
Power margin [dB] on sensitivity 10 -
Symbol rate [Mbaud] 2,5 -
Roll-off 0,4 -
CRS antenna gain (see note) [dBi] 15 -
TS antenna gain [dBi] 15 -
TS antenna pattern Figure B.2 Figure B.2
C/l limit [dB] @ BER=10"6 14 23
Sensitivity degradation=1 dB
NOTE: CRS antenna gain reported refer to a 90 degrees sectored

antennas.
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The P-P system considered in this analysisit's a STM-1 high capacity system employing 128 QAM modulation.
Its actual system parameters with their relevant ETSI limits (class 4 equipment in EN 301 127 [9]) are reported in

table B.2.

RF Emitted Spectrum [dB)

Table B.2: P-P system parameters

-105

Parameter Actual EN 301 127 [9]

Duplex technigue FDD FDD
Channel spacing [MHZz] 30 30
RF spectrum Figure B.1 Figure B.1
Transmission power [dBm] 32 38
Power control Yes/20 dB ATPC range -
Sensitivity [dBm] @ BER=10"6 -69 -67
Power margin [dB] on sensitivity 35 -
Symbol rate [Mbaud] 24 -
Roll-off 0,3 -
Antenna gain (see note) [dBi] 40 -
Antenna pattern Figure B.2 Figure B.2
C/1 limit [dB] @ BER=106 33 35
Sensitivity degradation=1 dB
NOTE: P-P antenna gain reported refer to a 3 m diameter antenna.

15

. :\ \ PMP actual

=——PMP EN limits

-25

—&—PP actual and EN

limits

R

-65

-85

~

Figure B.1: RF emitted spectrums
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Figure B.2: Antenna pattern envelope on the azimuth plane

Once given al the necessary system parameters the first step to be done is the evaluation of the NFD of one system
against the other, considering different guard band (GB) between the two systems. In this case we consider three
situations: adjacent channels (0 MHz guard band), 3,5 MHz guard band, which is equal to the P-MP system channel
spacing, and 30 MHz guard band which is equal to the P-P channel spacing. Table B.3 shows the NFD evaluated with
both actual RF spectrum and ETSI spectrum mask.

Table B.3: NFD values (dB)

NFD [dB]

Source/victim RF spectrum GB=0 MHz GB=3,5 MHz GB=30 MHz
P-MP/P-P Actual 37,8 45,9 (45,9)
P-MP/P-P ETSI 28 36,4 (36,5)
P-P/P-MP Actual - - -
P-P/P-MP ETSI 35,7 50,8 96

Regarding table B.3, the following facts should be noted:

e thereisno P-P/P-MP NFD's with actual RF spectrum because the actual P-P RF emitted spectrum is not
available;

« but the P-P/P-MP NFD's (with ETSI mask) are greater because of atighter spectrum mask with respect P-MP;

e the P-MP/P-P NFD's with a30 MHz guard band (values in round brackets) are not meaningful (they are actually
smaller) because of a channel separation greater than 250 % of channel spacing (3,5 MHz), therefore we do not
consider the 30 MHz guard band.

Because of the great increase (around 10 dB) of NFD values due to a 3,5 MHz guard band (a small guard band with
respect the 30 MHz) we will consider this channel separation for comparison with adjacent channels.

When considering the co-existence between a P-MP and a P-P system there are 4 different classes of interference to be
considered, as described in clause 5. The methodol ogies to analyse the 4 classes are described in clause 7. In order to
get arough idea on the degree of co-existence between the two systemsiit is useful to eval uate the minimum distance,
between CRS (P-MP system) and P-P site, to counteract interference classes B1 and B2. This distance is a function of
the angular decoupling between P-P link and CRS, depending on the P-P antenna pattern envelope. Since this pattern
(seefigure B.2) isflat between 20 and 50 degrees we can eval uate the minimum distance for an angular decoupling of
20 degrees (just outside the keyhole of P-P link).
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In table B.4 are shown the minimum distances to counteract classes B1 and B2 for al different system parameters
considered and guard band size (adjacent and 3,5 MHZz). All the distances are evaluated considering the victim system
at the receiver threshold (worst condition).

Table B.4: Minimum distances (km) to counteract classes B1 and B2 interference
(with a 20 degrees angular decoupling)

Distance [km]
Source/victim RF spectrum I nterference class GB=0 MHz GB=3,5 MHz
P-MP/P-P Actual Bl 1,2 0,5
P-MP/P-P ETSI Bl 9,7 3,7
P-P/P-MP Actual B2 4,5 0,8
P-P/P-MP ETSI B2 8,9 1,5

Table B.4 points out the following facts:

e agreat difference between figures evaluated with actual parametersand ETSI limits, in particular for the
P-MP/P-P case where a difference in NFD values also apply (see table B.3);

e the 3,5 MHz guard band produces a significant reduction of distances (due to increased NFD).

Since we are studying the co-existence of the two systems on the same area we shall consider the situation of 3,5 MHz
guard band with actual system parameters because it needs the minimum guard distance (about 0,8 km).

For this situation it is possible to obtain the complete function of guard distances for classes B1 and B2, asdepicted in
figures B.3 and B.4. In particular, each figure shows the guard distance for both the worst condition (victim system at

the receiver threshold) and the normal condition propagation condition (victim system with a received power above the
threshold).

_| =——Worst (sensitivity)

——Normal (sensitivity+15dB) [ = = = = = = |

Distance [km]

0.01 -

0.001

0 20 40 60 80 100 120 140 160 180 200
Teta [deg]

Figure B.3: Minimum distance between P-P and CRS sites in order to avoid class B1 interference
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Figure B.4: Minimum distance between P-P and CRS sites in order to avoid class B2 interference

Figures B.3 and B.4 point out that for angular decoupling less than 20 degrees the requested distance increase
exponentially, i.e. this situation should be avoided.

Once analysed classes B1 and B2, it is also necessary to analyse the interference from P-MP TS transmitters to

P-P receiver (class B3) and from P-P transmitter to P-MP TS downlink receivers (class B4). In these casesit is possible
to evaluate the percentage of P-MP cell area where any potential TSis source of interference (class B3) towards

P-P system, and where any potential TS isinterfered by the P-P system (class B4). The results of the analysis, with a
3,5 MHz guard band channel and in worst propagation conditions (victim system at receiver threshold), are depicted in
figures B.5 and B.6 as afunction of P-P/CRS sites distance (d) and angular decoupling (teta). For the P-MP system it is
assumed a coverage radius of 15 km, which defines the cell area where the interference analysisis carried out.
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Figure B.5: % of cell area for any potential TS interfering P-P (class B3)
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Figure B.6: % of cell area where any potential TS is interfered by P-P (class B4)

Both figures B.5 and B.6 show that the percentage of area of potential source or victim of interferenceis quite small
(lessthan 0,2-0,3 %) and it is present only for decoupling angles greater than 150 degrees. An example of such a
situation is depicted in figure B.7 where the percentage of cell areafor any TS interfering P-P (class B3) is shown for a
distance (CRSto P-P) of 5 km and a decoupling angle of 160 degrees. The interfering areais the thin black area within
the cell along the P-P link. Thisinterference is due to the fact that P-P link has a small decoupling angle with respect the
CRS-TSlink of the P-MP system. The only way to avoid thisinterference is to provide a suitable angular decoupling
(asfor classes B1 and B2) or to keep a small distance between CRS and P-P site (less than 3 km).

Figure B.7: Cell area of potential sources (TS) of interference (class B3)
and their relevant C/l generated on the P-P receiver
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This example points out the following general facts.

1)

2)

3)

4)

In order to mitigate interference classes B1 and B2 it is always necessary to respect a minimum distance and an
angular decoupling (20 degreesin this case, due to P-P antenna pattern) between P-P link and P-P/CRS direction
(if P-Plink is pointed towards CRS). Moreover, a channel of guard band is useful in order to reduce the
minimum distance between P-P and CRS.

In order to avoid any possible interference to P-P link (class B3) fromthe TSt is hecessary to respect an
additional (with respect point 1) angular decoupling between P-P link and P-P/CRS direction and to provide, at
least, one guard band channel. In fact, it is not tolerable to have any area of potential interference within the
P-MP cell.

The interference of P-P link on P-MP TS (class B4) is similar to class B3, thusit requires the same
countermeasures, but it is acceptable to have a small areawhere a TS can be afflicted by interference during
worst propagation conditions. It is the same concept used for P-MP vs. P-MP co-existence, alittle percentage of
users (TS) located in awell defined areawill probably suffer interference problemsin worst propagation
conditions.

In the case here analysed, the good NFD figures and the guard band considered, provide afree of interference
(class B3 and B4) scenario if the distance between CRS and P-P site isless than 3 km and even for co-siting. The
co-siting could also be used to avoid class B1 and B2 interference by an appropriate site engineering (providing
the sufficient vertical separation that can be achieved to alow the necessary decoupling on the vertical axis).

B.2

Systems in the 26 GHz band

In this example only actual system parameters are considered. The P-MP system considered in this analysisis the same
TDMA system already used in annex A, whose parameters are listed in table B.5.

Table B.5: P-MP system parameters

Parameter P-MP
Access method TDMA
Duplex technique FDD
Channel spacing [MHZz] 28
RF spectrum See figure B.8
CRS Transmission power [dBm] 24
TS Transmission power [dBm] 24
Uplink power control Yes
Sensitivity [dBm] @ BER=10"6 77
Power margin [dB] on sensitivity 25
Symbol rate [Mbaud] 18,75
Roll-off 0,4
CRS antenna gain (see note) [dBi] 19
TS antenna gain [dBi] 34
TS antenna pattern See figure B.9
C/I limit [dB] @ BER=10"6 21
Sensitivity degradation=1 dB
NOTE CRS antenna gain reported refer to a 90 degrees

sector antenna.
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The P-P here considered for the analysisis a system compliant with class 4 equipment (16 QAM) defined in
EN 300 431 [6]. The main system parameters are listed in table B.6.

RF Emitted Spectrum [dB]

10

-10 4

-20

-30 4

-40

.50 -

-60

Table B.6: P-P system parameters

Parameter P-P
Duplex technique FDD
Channel spacing [MHz] 56
RF spectrum Figure B.8
Transmission power [dBm] 18

Power control

Yes/15 dB ATPC range

Sensitivity [dBm] @ BER=10"6 77

Power margin [dB] on sensitivity 30

Symbol rate [Mbaud] 42

Roll-off 0,3
Antenna gain (see note) [dBi] 40
Antenna pattern Figure B.9

C/I limit [dB] @ BER=10"6 25
Sensitivity degradation=1 dB

NOTE: P-P antenna gain reported refer to a 0,6 m antenna

diameter.
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Figure B.8: RF emitted spectrum
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Figure B.9: Antenna pattern envelope on the azimuth plane

Once given al the necessary system parameters the first step to be done is the evaluation of the NFD of one system
against the other, considering different guard band (GB) between the two systems. In this case we consider three
situations: adjacent channels (0 MHz guard band), 28 MHz guard band which is equal to the P-MP system channel
spacing, and 56 MHz guard band which is equal to the P-P channel spacing. Table B.7 shows the NFD values.

Table B.7: NFD values (dB)

NFD [dB]
Sourcel/victim GB=0 MHz GB=28 MHz GB=56 MHz
P-MP/P-P 27,6 42,8 43
P-P/P-MP 36 43,8 60

Thefirst step of the analysis is the evaluation of the minimum distance (between CRS and P-P site) in order to
counteract classes B1 and B2 of interference (see the previous example). The minimum distance is evaluated for an
angular decoupling of 20 degrees. Table B.9 shows the requested distances. Table B.7 shows smaller distances with
respect table B.4 (systemsin the 3,9 GHz band)). Thisfact is due to:

« higher frequency band (greater free space attenuation);

e more similar system parametersin terms of channel size, transmit power, sensitivity, etc.

Table B.8: Minimum distances (km) to counteract classes B1 and B2 interference
(with a 20 degrees angular decoupling)

Distance [km]

Source/victim |Interference class| GB=0 MHz GB=28 MHz GB=56 MHz
P-MP/P-P B1 1,1 0,2 0,18
P-P/P-MP B2 0,13 0,05 0,01

ETSI

Since the difference between 28 MHz and 56 MHz guard band is negligible in terms of guard distances, we will deeply
analyse all the interference classes considering the 28 MHz guard band.
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Figures B.10 and B.11 show the complete function of guard distances for any decoupling angle, and for both worst
(receiver at the threshold) and normal propagation conditions (receiver above the threshold). Asin the previous
example, figures B.10 and B.11 point out that a minimum angular decoupling of about 20 degrees is necessary in order
to obtain a reasonable (afew hundred meters or less) distance between P-P and CRS sites. Therefore, it is possible to

control classes B1 and B2 of interference if a channel of guard band and a 20 degrees of angular decoupling are
provided.
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Figure B.10: Minimum distance between P-P and CRS sites in order to avoid class B1 interference
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Figure B.11: Minimum distance between P-P and CRS sites in order to avoid class B2 interference

Once analysed classes B1 and B2, it is also necessary to analyse the interference from P-MP TS transmitters to
P-P receiver (class B3) and from P-P transmitter to P-MP TS downlink receivers (class B4). The results of the analysis,
with a 28 MHz guard band channel and in worst propagation conditions, are depicted in figures B.12 and B.13 in the

same way used in previous example (see clause B.1). For these interference analysis a4 km coverage radius has been
assumed for the P-MP system.
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Figure B.12: % of cell area for any potential TS interfering P-P (class B3)
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Figure B.13: % of cell area where any potential TS is interfered by P-P (class B4)

While figure B.13 shows a negligible (less than 0,1 %) amount of interference, figure B.12 shows a high percentage of
interference (up to 2 %) for co-site scenario (d=0 km). This meansthat co-siteis not allowed by interference classes B3
even if achannel of guard band is provided. In fact, as depicted in figure B.14, the interfering area (black area) for
co-siting is quite big, thus the probability of interference (that isthe probability of one TS transmitting within the black
area) iscloseto 1.

Also for other distances figure B.12 shows high interference risks. It must be pointed out that class B3 is the most
severe interference to be considered. In fact, each time the P-P link is near its sensitivity threshold (worst propagation
conditions) if aP-MP TS, located within a particular areain the cell, transmitsa signal it will produce alevel of
interference not allowed by the P-P system, which causes a sequence of errors. Thus, it produces an increase of ES, SES
and unavailability that can not be accepted by the P-P operator.
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Figure B.14: Cell area of potential sources (TS) of interference (class B3)
and their relevant C/I generated on the P-P receiver

This example points out the following general facts:

1)

2)

3)

4)

In order to mitigate interference classes B1 and B2 it is always necessary to respect a minimum distance and an
angular decoupling between P-P link and P-P/CRS direction (if P-P link is pointed towards CRS). Moreover, a
channel of guard band is useful in order to reduce the minimum distance between P-P and CRS.

In order to avoid any possible interference to P-P link (class B3) from the TSt is necessary to respect an
additional (with respect point 1) angular decoupling between P-P link and P-P/CRS direction even with one
guard band channel. In fact, it is not tolerable to have any area of potential interference within the P-MP cell.

The interference of P-P link on P-MP TS (class B4) is similar to class B3, thusit requires the same
countermeasures, but it is acceptable to have a small areawhere a TS can be afflicted by interference during
worst propagation conditions. It is the same concept used for P-MP vs. P-MP co-existence, alittle percentage of
users (TS) located in awell defined area will probably suffer interference problemsin worst propagation
conditions.

The co-siting is impossible because of the class B3 interference, that cannot be avoided by an appropriate site
engineering.
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