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1 Introduction

WALKairTM is a state of the art Point-to-Multipoint (PMP) wireless system, designed to provide an optimal solution for a variety of wideband and broadband applications. 

The system, with its innovative technology features, provides data and voice services of   fiber-optic quality, essential for high speed Internet access and other data applications. Small and Medium business (SME) as well as office and residential buildings (RTTO/RTTB) can benefit from high quality voice, high speed Internet access and other data services. 

WALKair also serves as an efficient feeder to wireless micro-cells, providing backhaul connectivity for base stations of mobile and fixed narrowband wireless systems. With our system, new operators can enjoy a successful, quick and cost-effective penetration process into the telecom market.
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Figure 1. Typical WALKair Application

2 WALKairTM Network Applications

WALKair is designed to meet a set of requirements that are common to PMP applications in many cases. The specific requirements of a certain Telecom operator may vary, however, according to the profile of its specific application. Different priorities may be given to different requirements as a result of differences in needs, competitive environment, regulation, etc.

2.1 The Business Customer Application: High Growth Potential Solution Optimized for SME Access

Business customers are typically located in independent customer sites over an urban/suburban area. The covered area may be large - several hundred square kilometers, or small - a few square kilometers. The average capacity requirement per customer may vary significantly from one area to another. The number of customer sites and the average capacity per customer are expected to grow significantly within few years.

WALKair is designed to suit WLL applications for business customers. The system directly connects locations of small- and medium-business customers providing wireline quality service of PABX, data and high speed Internet connection. Typically, these services carry n x 64 Kbps channels, up to two E1 trunks.

As can be seen in the following figure, the customer’s PABX and data equipment are connected to WALKair via the Terminal Station (CPE). At the network access point, the Operator’s voice and data switches are connected to WALKair via the Base Station (BS). 
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Figure 2. WALKair serving the business customer PMP application

WALKair provides substantial technical , economical and competitive advantages to the Operators:


Better Bandwidth Efficiency 

· Efficient frequency of 2.5 bits/s/Hz

· Flexible and dynamic real time allocation per user for high-speed Internet access

· Voice and data concentration using Bandwidth-On-Demand for increased radio efficiency, capacity, and higher throughput

Quality of Service

· Fiber Optics equivalent voice and data service

· Efficient traffic management including Bandwidth reservation and priority mechanisms for sensitive & high priority traffic 

Cost Effectiveness

· All-in-one wireless access network for all business applications with full range of Telecom services such as Leased Line (from fractional E1 to full E1), BR-ISDN to PR-ISDN and Frame Relay

· Cost structure tailored to the new operator needs: low start-up cost, linear growth, low life cycle costs

· Best cost achievement using radio-to-building 

· Outstanding economical performance

· Future proof with high growth potential 

Robustness

· Automatic frequency selection and auto interference prevention scheme

· Modular and fault tolerant architecture

2.2 The Radio To The Building Application: Best Cost Achievement

Small business customers and Residential buildings typically require low Bandwidth. Several such customers, that reside on the same building can be served using a single radio connection to the building. 

WALKair provides an ideal solution for the Radio To The Building (RTTB) and Radio To The Office (RTTO) application. The operator can provide voice and data services to the entire building, using a single CPE unit (radio link). 

In addition to the SME application advantages, the RTTB/RTTO application offers the best cost effective service to the operator. 
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Figure 3. WALKair serving the RTTB/RTTO application 

2.3 The Feeding Application: Efficient backhaul Transmission

The PMP can be used for feeding the Base Stations of narrowband wireless network, typically in urban and suburban areas, where continuous area coverage and high capacity requirements call for PMP backhaul transmission system. PMP allows for a more cost effective area coverage than the traditional Point To Point microwave links.

WALKair is designed to meet a set of requirements that are common to many backhaul transmission applications, regardless of the type of narrowband wireless network that it feeds.

In populated areas, such as urban and suburban areas, the base stations of Mobile (and/or WLL) systems are scattered in large quantities per area. Typically, we can expect a base station per 1-2 sq. km. (depending on the nature of the Mobile or WLL service and the technology and geographical structure of the area). These base stations are fed by trunks from the BSC or the network access point. The bandwidth of these trunks are in the range of sub E1 to a few E1s per base station. In many cases, at one such physical location there are a few base stations using sector antenna. Such a scenario is best served by a wireless PMP such as WALKair. 

The following diagram describes this application in the common case of narrowband residential WLL system.
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Figure 4. WALKair serving as backhaul feeding of WLL/mobile base stations

WALKair is a typical solution for this application, which offers substantial advantages:

Simple backhaul Structure

· Simpler of the backhaul structure with superior area coverage and flexible bandwidth support (fractional E1 to 2xE1), ensuring traffic averaging 

· Simple and easy planning and installation.

· Transparent access for all traffic and signaling

Cost efficiency

· Significant cost reduction of overall backhaul network compared to PTP alternative

· Modular architecture allows expedient feeding for various network capacities

· Basic configuration is highly economical in both volume and power capacity.

· Modular configuration that allows for gradual and easy bandwidth growth from a minimum of 1 link supporting 6-8 median capacity base stations to a maximum of 16 links supporting 100-120 median base stations.

High Capacity

· Large backhaul capacity per area, enabled by the excellent spectral efficiency of the WALKair radio interface.

· Cost and traffic averaging is enabled using flexible bandwidth allocation, ranging from a 64 Kbps to 4 Mbps, which provides a mixed capacity channels to different base stations while efficiently utilizing the available bandwidth.

· Flexible and more efficient bandwidth management allowing for varied capacities to the same base stations in different hours of the day :

· High capacity to highway areas (especially at rush hours) and business areas, at day time.

· High capacity to entertainment and residential areas, at evening time.

Quality

· Backhaul transmission by highly reliable radio links and additional redundancy options

· Automated RF allocation to the Terminal Station allows for:

· Avoiding field measurements in order to find the best frequency for each site.

· Avoiding frequency changes, in cases where there is interference.

· Increasing system robustness and availability which reduces operational costs.

3 System features

The following is a list of the system's main features.

· WALKair supports three frequency bands: 3.5 GHz, 10.5 GHz and 26 GHz. These bands are certified in Europe for PMP systems by ETSI. The various regulatory authorities in Europe (and other countries as well) license either one or two of these bands.

· The total RF bandwidth available per cell is typically 2 x 14/28 MHz If the regulated RF bandwidth is higher or lower than that, the system is designed to gradually use higher or lower bandwidth, at granularity of 1.75 MHz.

· Access method is TDMA/FDMA/FDD. The system uses a TDMA access scheme shared by a group of users at a radio bandwidth of 1.75 MHz. There is one frequency for uplink and another one dedicated to the downlink (FDD). Each such radio slice shares a FDMA scheme. 

· High radio utilization using 64QAM modulation, with trellis FEC for coding gain. Spectral efficiency is 2.5 bit/sec/Hz. 

· Fiber-optics equivalent quality with BER<10-9 and 99.999% availability 

· Efficient cell planning with high reuse factor

· The system capacity is determined by the allocated spectrum the net capacity for a typical 14 MHz x 2 allocation @ 3.5 GHz is 65 Mbps. At special conditions, it may be doubled to 130Mbps.

· Any single TS may utilize flexible baseband bandwidth, using sophisticated a Dynamic Bandwidth Allocation mechanism, providing service oriented concentration ranging from 64 Kbps up to 4.096 Mbps (with a granularity of 64 Kbps). 

· Bandwidth reservation Quality Of Service 

· Interference immunity using automatic frequency adaptation. The system quantifies the interference level and if necessary, selects another frequency which is less prone to interference.

· Multi-service platform, supporting PABX type equipment for voice applications, and a variety of Telecom interfaces for data and Internet applications; this includes Leased Line, starting from fractional E1 up to full E1, Frame Relay, ISDN BRI/ PRI and IP service.

· Wide variety of Telecom interfaces: V35, X.21, G.703, E1, ISDN BRI / PRI and Ethernet.

· Modular architecture provides a flexible pay-as-you-grow cost structure.

· Modular, fault tolerance architecture minimizes downtime and allows for quick recovery.

· Complete management and control capacities include performance monitoring and remote software download. Management and control are available using an SNMP-based management station which runs on HPOV.  

· A full system specification is presented in Section 5.

4 WALKairTM system and building blocks

The WALKair PMP system consists of a Base Station (BS) with multiple Terminal Stations (TS). The BS is connected by radio channels to all TS.

The Base Station is a modular hub, connected to the Telecom switches on one side and to the service areas, via the Terminal Stations, on the other side. Each Terminal Station provides various Telecom services, such as leased line, ISDN, Frame Relay etc., utilizing a flexible bandwidth up to 4 Mbps capacity. The entire base station provides a total network capacity of 65 Mbps@14MHz, which is divided among the Terminal Stations as required, using flexible bandwidth allocation. 
The following diagram illustrates the system architecture.
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Figure 5: WALKair’s System Architecture

4.1 Base Station (BS)
The following diagram shows a general view of the Base Station.
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Figure 6. Base Station General View

The Base Station consists of several sectors (up to 12 sectors can cover a single cell). Each sector contains one or more (up to 16) Basic Units (BU), an IF MUX, RFU and an antenna.

4.1.1 Basic Unit (BU)

The main building blocks of the BU are: the modem, the telecom interface cards and the IF module. Each BU converts the IF signal to telecom voice/data towards the telecom port, and vice verse.

The modem is implemented on the motherboard, which is identical on all BUs. The interface cards and the IF module are implemented on daughterboards, and therefore allow maximum flexibility.

Each BU contains up to three interfaces to the telecom switches (ISDN, Frame Relay, etc.). Each BU transmits and receives one FDMA carrier and, by employing TDMA mechanism, handles the traffic of several remote Terminal Station (typically 2-10, maximum 16). All BUs are loosely connected via the IF MUX, for monitoring and control purposes only; in this manner, malfunctioning of a single BU does not affect the others.

IF MUX

The IF MUX combines the IF signals from/to the various BUs into a single coax cable that goes up to the roof top, where the RF and antenna subsystem are located. Up to 16 BU may operate together combined by the same IF-MUX.

4.1.2 RFU

The RFU converts the IF to RF, amplifies the signal to its right level and transmits it through the antenna. It is mounted near the antenna. The system has more than one type of an RFU, each serving a different radio frequency band. WALKair supports 3.5 GHz, 10.5 GHz and 26 GHz bands. All RFUs are isolated from the indoor equipment, and operate with the same BU and IF-MUX.

4.1.3 Antenna

The antenna is a sector type. It covers an angular area at either 90o, 60o , 45o or 30o. Several sector antennas (4, 6, 8 or 12), each with its own RFU, may cover a whole service area (cell).

4.1.4 BS Powering

The BS is powered by a DC standard source (48V) to the indoor unit.

4.2 Terminal Station (TS)

The following diagramm shows a general view of the Terminal Station.
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Figure 7. Terminal Station Overview

A Terminal Station consists of a single BU (adapted to TS operation) and an integrated RFU and antenna subsystem.

4.2.1 Basic Unit (BU)

The main building blocks of the BU are: the modem, the telecom interface cards and the IF module. Each BU converts the IF signal to telecom voice/data towards the telecom port, and vice verse.

The modem is implemented on the motherboard, which is identical on all BUs. The interface cards and the IF module are implemented on daughterboards, and therefore allow maximum flexibility.

Each BU contains up to three interfaces to the telecom switches (ISDN, Frame Relay, etc.). A single coax cable carries IF signal, that connects it to the RFU which is installed at the roof top. 

4.2.2 RFU

The RFU converts IF to RF. The antenna is an integral part of the RFU. The antenna is a directive printed circuit type, that is directed towards the BS location.

The TS is powered either by a DC standard source (48V) or an AC source to the indoor unit.

The following picture shows a general view of the Terminal Station.RFU
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Figure 8. RFU Overview

5 Technical Specifications

5.1 WALKair’s Technical Specifications

5.1.1 General Specifications

Radio access method
TDMA/FDMA/FDD

Supported distance
3.5 GHz: 10Km at near line of sight.

10.5 GHz: 10Km at line of sight.

26 GHz: 3km at line of sight

Spectral efficiency 
2.5 bit/sec/Hz

Number of terminal stations per one base station
typ. 256  (depends mainly of the available 
                bandwidth and sectorisation 
                scheme)

Bandwidth per single user
64 Kbps to 4.096 Mbps

System capacity per one base station
65 Mbps. (*) 

5.1.2 Terminal Station Specifications

5.1.2.1 RF @ 3.5 GHz

Frequency band
3.5 GHz

Transmit:
A: 3.40 - 3.44 GHz


B: 3.43 - 3.47 GHz


C: 3.46 - 3.5 GHz

Receive:
A: 3.50 - 3.54 GHz


B: 3.53 - 3.57 GHz


C: 3.56 - 3.6 GHz

Output power
Dynamic range: -22 dBm to +18 dBm

Antenna size
25x25 cm.

Antenna beamwidth
180  vertical and horizontal.

Antenna gain
17.5 dBi

Standard compliance
ETSI TM4

RF bandwidth
1.75 MHz

Receiver sensitivity
-87 dBm (@ BER 10-9)

5.1.2.2 RF @ 10.5 GHz

Frequency band
10.5 GHz

Transmit: 10.50-10.65 GHz

Receive:  10.15-10.30 GHz 

Output power
Dynamic range: -25 dBm to +15 dBm

Antenna size
25x25 cm.

Antenna beamwidth
80  vertical and horizontal.

Antenna gain
24.5 dBi

Standard compliance
ETSI TM4

RF bandwidth
1.75 MHz

Receiver sensitivity
-87 dBm (@ BER 10-9)

5.1.2.3 RF @ 26 GHz

Frequency band
26 GHz

Transmit: 25.557 to 26.453 GHz

Receive:  24.549 to 25.445 GHz

Output power
Dynamic range - 30 dBm to +10 dBm

Antenna size
40 cm dish

Antenna beamwidth
2.50  vertical and horizontal.

Antenna gain
35 dBi

Standard compliance
ETSI TM4

RF bandwidth
1.75 MHz

Receiver sensitivity
-85 dBm (@ BER 10-9)

5.1.2.4 Baseband

Net payload baseband bandwidth
4.096 Mbps

Modulation & coding technique
64QAM @ convolutional coding, rate 2/3

5.1.2.5 Interfaces

Up to 3 Telecom ports available with the following interfaces:

· ISDN PRI, E1/G.703, Fractional E1 for Leased Line , Frame Relay or V5.1 applications. Traffic range may vary in 64 Kbps increments (one such interface, another one is optional).

· V.35/X.21 at speeds up to 2.048 Mbps for leased lines or Frame Relay service.

· Ethernet interface for IP service

5.1.2.6 Size and Structure

· Indoor device: 44 cm (19”) Width, 4.4 cm (1U) height, 23 cm Depth. Weight: 3 Kg. 
Either rack mount or wall mount.

· 3.5 & 10.5 GHz outdoor device: 25x25x8 cm, including the antenna. Weight: 4 Kg.
26 GHz outdoor device: 28x20x10 cm, not including the antenna. Weight 4.5 Kg. 
Pole mount antenna.

· A single Coaxial cable (type LMR400 or better) connects the indoor to outdoor device, at distances of more than 150 m.

5.1.2.7 Power

· Powering is 48V DC or 110/220 V AC, supplied to the indoor device only, from an external power supply.

· Power consumption Terminal Station indoor unit is 40 W (max.). Heat dissipation is 30 W.

5.1.2.8 Environmental

· The indoor device is subject to normal indoor temperature and humidity conditions, complies with ETS 300019 , class 3.2E standard (-5oC to 45oc).

· The outdoor device is subject to standard European outdoor conditions, complies with ETS 300019, class 4.1E (-45oC to +55 oC). The sealing outdoor device complies with the IP-65 standard.
Base Station Specification

5.1.2.9 RF @ 3.5GHz

Frequency band
3.5 GHz

Transmit:
A: 3.50 - 3.54 GHz


B: 3.53 - 3.57 GHz


C: 3.56 - 3.6 GHz 

Receive:
A: 3.40 - 3.44 GHz


B: 3.43 - 3.47 GHz


C: 3.46 - 3.5 GHz

Output power
up to 27 dBm

Antenna coverage
Sector antenna of 600 or 900 per sector.

Antenna size
40x20x5 cm. 

Antenna gain
15 dBi (600) or 13.5 dBi (900).

Standard compliance
ETSI TM4 (301 021)

RF bandwidth
Multiple 1.75 MHz (1 to 8)

Receiver sensitivity
-87 dBm (@ BER 10-9)

5.1.2.10 RF @ 10.5GHz

Frequency band
10.5 GHz.

Transmit: 10.15 - 10.30 GHz

Receive:  10.50 - 10.65 GHz

Output power
up to 27 dBm

Antenna coverage
Sector antenna of 600 or 900 per sector.

Antenna size
75x11x10 cm.

Antenna gain
18 dBi (600) or 15.5 dBi (900).

Standard compliance
ETSI TM4 (301 021)

RF bandwidth
Multiple 1.75 MHz (1 to 16)

Receiver sensitivity
-87 dBm (@ BER 10-9)

5.1.2.11 RF @ 26GHz

Frequency band
26 GHz

Transmit: 24.549 - 25.445 GHz

Receive:  25.557 - 26.453 GHz

Output power
up to 24 dBm

Antenna coverage
Sector antenna of 300, 450  or 900 per sector.

Antenna size
20 cm diameter horn

Antenna gain
20 dBi (300), 18 dBi (450), 15.5 dBi (900)

Standard compliance
ETSI TM4

RF bandwidth
Multiple 1.75 MHz (1 to 16)

Receiver sensitivity
-85 dBm (@ BER 10-9)

5.1.2.12 Baseband

Net payload baseband bandwidth
4.096Mbps per single frequency carrier.

Modulation & coding technique
64QAM @ convolutional coding, rate 2/3

5.1.2.13 Interfaces

UP to 3 Telecom ports available with the following interfaces:

· ISDN PRI, E1/G.703, Fractional E1 for Leased Line , Frame Relay or V5.2 applications. Traffic range may vary in 64Kbps increments (one such interface, another one is optional).

· V.35/X.21 at speeds up to 2.048 Mbps for Frame Relay service

5.1.2.14 Size and Structure

· Indoor device: 44cm (19”) Width, 4.4cm (1U) height, 23cm Depth. Weight:3 Kg. These are rack mount devices.

· 3.5 & 10.5 GHz outdoor device: 36x15x24 cm, not including the antenna. Weight 9.5Kg. 
26 GHz outdoor device: 28x25x12 cm, not including the antenna. Weight 5.5 Kg. 
Pole mount device.

· A single coaxial cable (type LMR400 or better) connects the indoor to outdoor devices, at distances of more than 150 m.

5.1.2.15 Power

· Powering is 48V DC, supplied to the indoor device only, from an external power supply.

· Each stackable Base Station indoor unit has power consumption of 40W (max.) and heat dissipation of 36W.

5.1.2.16 Environmental

· The indoor device is subject to normal indoor temperature and humidity conditions, complies with ETS 300019, class 3.2E standard (-5oC to +45oC).

· The outdoor device is subject to standard European outdoor conditions, complies with ETS 300019, class 4.1E (-45oC to +55oC). The sealing outdoor device complies with IP-65 standard.

5.1.3 System Specifications

5.1.3.1 System Capacity

· The useful net bandwidth per cell depends on the allocated spectrum. As an example, the net capacity for a typical 14 MHz x 2 allocation @ 3.5 GHz is 65 Mbps. At special conditions
, it may be doubled to 130 Mbps.

· Optimized cell planning allows for reuse of 2- 6 

· High spectral efficiency of 2.5 bit/sec/Hz

· High concentration ratio using dynamic Bandwidth Allocation 

5.1.3.2 Dynamic Bandwidth Allocation

· Dynamic Bandwidth Allocation is implemented using Patent air protocol. Any single PE may use flexible baseband bandwidth, using sophisticated a Bandwidth On Demand mechanism, ranging from 64 Kbps up to 2xE1 with a granularity of 64 Kbps.

· Dynamic bandwidth allocation allows for multi service concentration of voice and data over both circuit-switched and packet switched type channels. The concentration is implemented by streamlining the active radio channels to the actual busy channels.

· Bandwidth reservation allows for pre-allocation of air time for sensitive or high priority traffic. By defining minimum and maximum bandwidth values per CPE service, the operator can guarantee as well as limit the bandwidth allocated to the service user. Thus enabling Quality Of Service to a single user without interference to the all other users.

· Depending on erlang capacities of the voice channels and the permitted blocking rate, the system can support user lines from 960 voice channels (without concentration) up to more than 6000 voice channels (@ 0.2 erlang per line and 1% blocking rate) for frequency allocation of 2x28 Mhz.

· WALKair bandwidth can be allocated in a non-symmetrical scheme allowing higher bit rate in one direction and a lower bit rate at the other direction. This feature is specifically useful for Internet and multimedia applications.

5.1.3.3 Interfaces and Services

· WALKair Multi service platform supports PABX type equipment for voice applications, and a variety of Telecom interfaces for data and Internet applications; this includes Leased Line, starting from fractional E1 up to full E1, Frame Relay, BR/PRI and IP.

· WALKair offers a wide variety of Telecom interfaces: V35, X.21, G.703, E1, ISDN BRI/ PRI and Ethernet.

5.1.3.4 Automatic Frequency Adaptation

· The system assigns the frequency to the user terminals via an automatic process, minimizing installation process.

· If a user terminal radio link suffers from interference that degrades its quality below a certain BER threshold, there is an automatic frequency adaptation to another frequency (assuming there is one which is available within the frequency band of this sector) in which is less prone to interference.

5.1.3.5 Modular & Fault Tolerant Architecture

· The Base Station composes modular Basic Units, each supporting 4 Mbps over 1.75 MHz. This modularity allows for a minimal start-up configuration of a single stackable unit at the base station up to a maximal configuration supporting more than 200 customers.

· WALKair’s modular architecture reduces startup costs, minimizes initial investment and maximizes gradual growth capabilities.

· WALKair's fault tolerant system and architecture, in which each stackable unit is independent, minimizes downtime and allows for quick recovery.

· Redundant outdoor unit maximizes availability

5.1.3.6 Monitoring & Management

· WALKair's complete management and control capacities include performance monitoring and remote software download. Management and control are available using an SNMP-based management station which runs on SNMP or HPOV for UNIX platforms. WALKair is managed via one of the following ways: 

· In-band - a remote EMS can communicate with WALKair via the BU’s Telecom interfaces

· Out-of-band - a remote EMS can communicate with WALKair via dial-up modem which is connected to the BU’s serial interface.

· Locally - a local EMS can communicate with WALKair via Ethernet interface). 

· Configuration and maintenance is also available using Local Craft Interface (LCI) via RS232 serial interface. 

· WALKair’s management offers monitoring functions, parameter changes, traffic control, performance monitoring, statistical and auditing functions, Display and log exceptional events 




(*) It is possible, based on special requirement, to double the bandwidth per cell from 65Mbps to 130Mbps, (assuming there are 28Mhz available for use) by applying different polarization to adjacent sector antenna within the same base station. 


3 Bandwidth may be increased by dual polarization configuration
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