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Introduction

This document contains discussion around basic repeater application guidelines along with some general definitions and abbreviations.

Definitions

Donor BS: the base station providing the down link signal amplified by the repeater for distribution to the UE. If signals are amplified from more than one BS, the BS intended to be amplified is the donor BS.

Repeater service area: the area where the signal amplified through the repeater provides the dominant coverage.

Service antenna: The repeater antenna directed towards the service area, picking up the up-link signal from the UE.

Donor antenna: The repeater antenna directed towards the donor base station, picking up the down-link signal.

Isolation: Coupling loss between two terminals.
Abbreviations

For the purposes of the present document, the following abbreviations apply:
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Figure 1

ACRRRepA
Adjacent Channel Rejection Ratio for repeater A.

ACLRRepA
Adjacent Channel Leakage Ratio for repeater A

CLBSA-UEA
Coupling Loss between Base station A and the User equipment A.

CLRepA-UEA
Coupling Loss between Repeater A and User equipment A.

dRepA
Group delay of repeater A.

EDoCLBSA-RepA
Effective Donor Coupling Loss between the donor base station A and the repeater A.

GRepA
Set gain of repeater A.

GmaxRepA
The maximum Gain possible to set of repeater A.

NFRepA
Noise Figure of repeater A.

PrepA
Output power of repeater A.

PmaxRepA
Maximum output power of repeater A.
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Figure 2

CLBSB-UEA
Coupling Loss between Base station B and the User equipment A.

CLRepA-UEB
Coupling Loss between Repeater A and User equipment B.

CLBSB-RepA
Coupling Loss between Bas station B and Repeater A.

CLBSB-UEB
Coupling Loss between base station B and User equipment B.

Antenna Isolation

Antenna isolation is a fundamentally important property of the repeater installation. Due to the repeater amplifier nature, the isolation is a measure of the feedback in the amplifier circuit. In order to maintain the impulse response within useful limits, and in order to avoid oscillation, the isolation between the donor antenna and the service antenna, in any repeater installation, is recommended to exceed the repeater gain by a margin of approximately 15 dB.

The isolation between the repeater antennas can be achieved through spatial separation and by obstacles absorbing RF-power shading the antennas from each other. In the case of spatial separation, the isolation can be greater if narrow beam width antennas are used. Isolation is also helped utilising the dipole characteristics of antennas by putting the polarisation along the separation axis. 10 m separation making use of the above methods can create an isolation of around 100 dB, or more.

In the case where a repeater A is installed in the vicinity of a base station B, operating on the adjacent carrier, the isolation between the donor antenna and the bas station receive antenna should, depending on the repeater up-link output power rating, follow the equations: 

For PmaxRepA ( +39 dBm;

CLBSB-RepA  ( 105 dB

For +31 dBm ( PmaxRepA < +39 dBm;

CLBSB-RepA (dB) ( PmaxRepA (dBm) + 66 dB 

For PmaxRepA <  +31 dBm;

CLBSB-RepA  ( 97 dB

The isolation between the service antenna and the base station antennas should be more than 30 dB. Given the above recommendations, the service antenna should be put closer to the BS antennas than the donor antenna should.

Gain settings

Considering the repeater application in an isolated UMTS system, as depicted in figure 1, the basic rule as described above applies for both up-link and down-link:

GrepA ( Repeater port isolation – 15 dB

For the down-link the following rule of thumb ensures that the repeater AGC (Automatic Gain Control) is not activated during normal traffic conditions.

G ( PmaxRepA + EDoCLBSA-RepA – PBSA
In cell planning, the repeater can be modelled as a base station with transmit power

PRepA = PBSA – EDoCLBSA-RepA + GRepA
For the up-link, the repeater has a transferred sensitivity;

SensitivityRepA =  SensitivityBSA + EDoCLBSA-RepA - GRepA + NFRepA
The transferred sensitivity is controlled by the setting the repeater gain in relation to the effective donor coupling loss. It is recommended that the transferred sensitivity is approximately 5 to 10 dB + NfrepA less than the donor base station sensitivity, in order not to desensitise the base station. This rule can be adjusted in the case where the repeater coverage area is also the main coverage area of the base station.

The gain should be set so that the link balance through the repeater path is the same as the link balance in the donor base station. The loss of diversity may need to be considered.

Taking other operator systems into concern, as depicted in figure 2, it is the responsibility of the repeater operator to make sure that the repeater installation does not significantly alter the cellular design of the uncoordinated operator.
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