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2 Introduction

The Nokia antenna line and the Nokia UltraSite Masthead Amplifier (MHA) are specially designed and tested, and are ideal for use with Nokia UltraSite Base Tranceiver Stations (BTS). The MHAs are a part of the Nokia antenna line and together with the BTS, form an integral part of a Nokia built GSM network.

Nokia UltraSite Antenna System is a ‘state of the art’ solution for NokiaUltraSite applications from low capacity road sites to high capacity urban sites.

It represents the latest technology where special requirements of high quality macro cellular sites are fulfilled. Due to modularity, the Nokia UltraSite Antenna System is an extremely flexible design.

2.1 Module Objectives

At the end of the module the participant will be able to:

· Explain the features of Nokia UltraSite Antenna System

· Make examples of applications and configurations

· Explain the product structure of Nokia UltraSite Antenna System 

3 Ultrasite Antenna System

The Nokia UltraSite Antenna System has many features which contribute to its flexibility and usage. The following sections describe the many qualities pertinent to the Nokia UltraSite Antenna System.

All the features described provide a customer with a cost effective network, optimum cellular coverage and aesthetic qualities.

3.1 Modular design

Modularity means flexibility when fitting antenna systems to different sites.

Modular product structure consists of standard building blocks and kits for standard solutions. Also, site installation is made easy and expedient because of modular design.

The use of standard building blocks and kits facilitates expansion and upgrading of existing BTS sites. Also the design of the Nokia UltraSite Antenna System took account of the easy expandability and upgrading for future requirements which modularity allows.

3.2 Fast roll-out

One complete solution is the safest and most economical. When building a complete site which is designed as a system, the result is less complicated and more efficient to implement and to operate. There is less co-ordination problems, fewer misunderstandings, less elements and a common interface for roll-out. The one solution method reduces the time span of roll-out i.e. operation of the site can be implemented sooner.

Nokia UltraSite Antenna System and other elements of a BTS site have common logistics and can, therefore, be implemented together. Identical design of cabinets eases implementation and accelerates roll-out, hence revenue generation begins sooner. Common logistics also have a heavy impact on inventory and, therefore, releases capital for service creation.

Time to market is critical, particularity in dense urban areas where roll-out is more challenging due to itemised regulations. Fast roll-out creates less interference to the surrounding community and, therefore, eases necessary permits.

The Antenna line products are linked to Planning Services. The Planning Service provides advice about antenna selections and planning of the radio network. In addition, Implementation Services gives advice about the installation and the equipment required.

3.3 Simpler for site location

The antennas are designed to make site acquisition easier and faster.

Use of cross polarised and dual band antennas has an impact on operational expenditure by minimising site rental costs and the number of antenna feeders.

A coordinated design with the Nokia UltraSite Antenna System gives an aesthetic appearance and eases acceptance by site owners by reducing visual pollution.

3.4 Integration to Nokia Ultrasite

The Nokia UltraSite Antenna System is designed for supporting Nokia UltraSite.

Integrated diplexers in the BTS and dual band antennas are a compact solution, minimizing the number of antenna feeders required.

Nokia UltraSite MHAs are an integral element of a site and use BiasTees (one/MHA) installed in the BTS for their power supply and VSWR monitoring (of the antenna line). Operation of the MHAs can be monitored through the Network Management System (NMS).

Tested compatibility of each building block to the whole system ensures a risk free alternative for an operator.

3.5 Co-siting with Talk-family

Existing antennas and antenna lines can be utilised when Nokia UltraSite is built in an existing Nokia Talk family BTS site. This minimize investment costs and makes the installation much easier and faster.

The antenna system can be shared either fully or partially based on the intended configuration and existing antenna scheme. Sharing the existing antennas and

feeders depends on how they are utilised by the Talk BTS. Utilising existing facilities makes the network expansion feasible and cost effective.

Sharing the existing antennas and feeders depends on the way the Talk-family BTS uses them. If they are all used for transmitting by Talk-family BTS and if no new antennas can be introduced, then the only way to share the antennas and feeders is to do external hybrid combining before running the signals to the feeders. The disadvantage of this is the reduced output power caused by the extra combining.

In cases where the Talk-family BTS uses only some of the antennas for transmitting, the diversity branch can be used for transmitting by Nokia UltraSite BTS and the receiver diversity information can be exchanged between the BTSs using a separate cable set.

The diversity branch cabling as well as the different gains of the diversity paths coming from the other cabinet degrade the diversity receiver sensitivity.

If Nokia UltraSite BTS is used to provide dual band capability to an existing single-band Talk-family site, the difference compared to a pure single-band case is that only antennas may need to be changed to dual band antennas with integrated diplexers. Employment of integrated dual-band duplex units in Nokia UltraSite BTS allows to share the feeders.

3.6 Customer Benefits

Increased macro cellular capacity and quality are achieved using the Nokia UltraSite Antenna System. The diversity of antenna construction and the addition of an MHA system to the antenna line facilitates this feature.

Uplink imbalances and losses between the BTS and antenna are considerably reduced by the MHA system.

3.6.1 Cross Polarised Antennas

The cross polarised antennas are required when polarisation diversity is used instead of spatial diversity. The advantage of polarisation diversity is that site acquisition is easier and installation is faster. The antennas of one site can be installed around one small tube instead of a support structure needed to create the necessary spatial separation for diversity. Only one physical antenna is required per cell although it has two separate arrays that have their own connectors. The environmental impact is improved by using cross polarisation antennas.

The efficiency of polarisation diversity is nearly the same as that of spatial diversity in an urban environment. In a rural environment it may be slightly less compatible. Anyhow, benefits justify the slightly weaker performance.

The Nokia UltraSite Antenna System is provided with a diverse range ofantennas which provides the customer with a number of advantages. The antennas are listed in section 7.1.

3.6.2 Dual band Antennas

Dual band cross-polarised antennas are used in dual band BTSs instead of separate antennas. Only one physical antenna is required per cell although it has two separate cross polarised arrays for both bands having their own connectors. This gives logistical and reliability advantages.

The advantages of dual band antennas are a better visual impact reducing visual pollution, minimised site rental costs, easy site installation and easier and faster site acquisition.

Dual band antennas are also available with integrated diplexers. Use of diplexers reduces the number of feeder cables because both bands can use the same feeder.

The use of dual band antennas at the onset of constructing a single band site ensures easy upgradebility at a later date.

3.6.3 Ultrasite Masthead Amplifier

The Nokia MHA system solution is highly recommended to be used with a Nokia UltraSite BTS.

The benefits of using the Nokia MHA is that the cell sizes can be extended. This means that fewer BTSs are needed in the network to acquire the same coverage, thereby providing cost savings for the operator in coverage limited areas. It also provides larger receiver coverage area to mobile phone users.

Uplink imbalance is caused by improvements in handset technology where thereceiving performance is not matched to the transmitting performance and excessive feeder losses between the BTS and the antenna. To prevent this uplink imbalance, the Nokia MHA is used for increasing the BTS receiving cell size in the uplink direction.

The MHA compensates for antenna line losses between the Rx antenna and the front end of the BTS receiver. It also improves the noise figure of the system by approximately the difference of the system noise figures obtained with andwithout an MHA. A lower Noise Figure is achieved which ensures better sensitivity, thus increasing network quality.

An MHA can be used on both the main (transmitting/receiving) antenna and the diversity (receiving) antenna.

EMP protection of the antenna line is provided by the Bias Tee; no additional EMP protection devices are needed.

3.7 Management

Monitoring of the Nokia UltraSite Antenna System is effected by a VSWR measurement feature implemented in a Bias Tee (optional), and an alarm cable. The status of each MHA unit is monitored by measuring its current consumption continuously by the corresponding BTS unit. The alarm states are relayed from the BTS to the NMS. Additionally, these alarm states can be checked locally at the BTS using a laptop computer.
4 Configuration examples

The Nokia UltraSite Antenna System provides an affordable antenna system for all Nokia UltraSite applications.

4.1 Urban site

Capacity solution for outdoor ‘rooftop’ urban sites. Three sector BTS which includes 4+4+4 transceivers with wide band combining (4:1) offers a flexible evolution path from small configurations to large capacities. Use of 2-way diversity means two feeders and one X-polarisation antenna per sector.



4.2 Urban dualband site

Capacity solution for indoor urban sites. High traffic capacity for voice and data is configured with two bands, three sector BTS which includes 8+8+8 / 4+4+4 transceivers with wide band combining (4:1, 2:1). Integrated diplexers in the BTS allow use of common antenna feeder cables for both bands. Two dualband XX-polarisation antennas with integrated diplexers per sector are needed.



4.3 Urban co-site

Capacity upgrade solution for existing Talk family sites. Three sector BTS which includes existing 2+2+2 transceivers (2:1 combining) is upgraded with new 2+2+2 transceivers with wide band combining (2:1).



4.4 Suburban Site

Outdoor ‘greenfield’ solution for suburban sites provides large coverage area and high capacity. This is provided by a three sector BTS which includes 6+6+6 transceivers with RTC combining (6:1) and 2-way diversity. Only one cross-polarisation antenna and two Masthead Amplifiers (MHAs) for each sector are required. 



4.5 Rural Site

Coverage solution for outdoor ‘greenfield’ rural sites. A three sector BTS which includes 2+2+2 transceivers with by-pass combining and 2-way diversity is utilised. High output power (28W) ensures a large coverage area, thereby reducing the number of sites required. The number of antennas is minimised using cross-polarisation antennas. This solution gives low visual impact. Two Masthead Amplifiers (MHAs) for each sector are used to compensate losses of long feeder cables which are typical for rural sites.



4.6 Road Site

Coverage solution for outdoor ‘greenfield’ road sites. A two sector BTS which includes 1+1 transceivers with boosters is utilised. High output power (60W) and greatly increased sensitivity with Mastehead Amplifiers (MHAs) means a large coverage area and less sites in a network. An MHA extends the uplink coverage in a large cell. If 4-way diversity (combination of space and polarisation diversity) is used, four feeders, two cross-polarisation antennas and MHAs for both sectors are needed.



5 RF parameters

5.1 Reflection Coefficient:
The transmission line system is designed to have ‘balanced impedances’ where the transmission line characteristic impedance Zo, load impedance ZL and source impedances Zs are all equal.

Where the load termination is not a perfect impedance match there will be some voltage reflected from the load.  The Reflection Coefficient ( is defined as:

(
=
Vref/Vi
Where:

Vref 
= Reflected Voltage

Vi 
= Incident Voltage




As Vref is always < Vi then the value of  (  will remain in the range  

-1 < (  < +1

· 
In Ideal Case   ( = 0

· 
For Open Circuit Load  ( = +1

· 
For Short Circuit Load  ( = -1

5.2 Wavelength

For an electromagnetic wave the product between the frequency and the wavelength is fixed, and it results the lightspeed:

v = f . (
where:

( = Wavelength

v = Velocity of light

f = operating Frequency

5.3 VSWR

Voltage reflections on the transmission line form a voltage standing wave on the transmission line.  The acronym ‘VSWR’ is derived from Voltage Standing Wave Ratio and is defined as:

VSWR
=
Vmax/Vmin = (1 + ((()/(1 - ((()

where:

Vmax = Point of Maximum Voltage on the transmission line

Vmin = Point of Minimum Voltage on the transmission line

((( = Magnitude of the Voltage Reflection Coefficient




5.4 Power  measurements

5.4.1 Power in dB

The acronym ‘dB’ is derived from deciBel.  Power or Voltage measured in dB is a way of expressing power or voltage levels as a ratio, i.e. one value relative to another, using log functions to base 10.

Power in dB
=
10 Log10 (P2/P1)   dB
Voltage in dB
=
20 Log10 (V2/V1)   dB
Note:  As P = V2/R  then both of these equations are the same if the impedance ‘R’ is constant

5.4.2 Power in dBm

The acronym ‘dBm’ is derived from deciBels relative to 1 milliWatt.  Power measured in dBm is power measured relative to 1 mWatt.

Power  in dBm
=
10 Log10 (P1/1mW)   dBm

5.4.3 Power in dBW

The acronym ‘dBW’ is derived from deciBels relative to 1 Watt.  Power measured in dBW is power measured relative to 1 Watt.

Power in dBW
=
10 Log10 (P1/1W)  dBW

5.5 Insertion loss

Insertion loss is defined as the difference between the ‘Power Input’ and the ‘Power Output’ from a device (e.g. transmision line, filter, attenuator etc.).

Insertion Loss
=
10 Log10 (Pout/Pin)
where:

Pout = Power Out

Pin = Power In

Pout & Pin in Watts

5.6 Amplifier Gain



As Pout is normally > Pin the gain value will be typically  +x dB. 

Insertion Loss Range of values =0dB....+1dB....+10dB....+100dB etc.


0 dB  => No Gain, or No Loss 

5.7 Return Loss

Return Loss, in transmission line terms, is a way of expressing the ‘quality’ of an impedance mismatch.  Return Loss is a measure of the reflectd power from the ‘impedance mismatch’ relative to the forward or transmitted power.
Return Loss
=
10 Log10 (Pref/Pin)
Return Loss
=
20 Log10 (VSWR - 1)/(VSWR + 1)
where:

Pref = Reflected Power

Pin = Power In




As Pref is always < Pin the value will be  -y dB.    Note however that the name ‘Return Loss’ implies a loss by default and therefore the ‘-’ sign is implied and is often not used.

5.8 EIRP

EIRP is short for Effective Isotropic Radiated Power.  EIRP is a measure of the antenna transmitted RF power.

EIRP=(Tx Power) - (Combiner Loss) - (Feeder Cable Loss) + (Antenna Gain)

5.9 Antenna Gain in dB

Antenna gain expressed in dBi defines the maximum radiated power of the antenna compared with that of an “ideal” Isotropic antenna (point source), when both antennas are fed with equal power.
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