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                                         Abstract 

      Our Industrial Training started on 10TH Jan 2005.  There are four departments in Hutch. They are listed below:
1. Network Planning
2. Switch (NSS) 
3. Base Station Subsystem (BSS) 
4. Operation and Maintenance (OMC)
      BSS is the hand of the network. There are a number of task allocated to this department. Some of the major tasks are listed below:
1. Installation, Commissioning, and Integration of BTS.
2. Installation, Commissioning, and Integration of BSC.
3. Installation and Commissioning of Microwave Radio.
4. Routing of Media from the BSC to the Site.
5. Installation and Commissioning of Dynamic Node (DN2). Dynamic Node helps in providing Loop Protection.
6. Installation and Commissioning of Metrohub. metrohub helps in providing Loop Protection
7. Fault Finding at BTS Site and BSC.
8. Upgrading the System with advanced software to provide better services to the customer.
9. Customer complains.
10. Construction of new tower.(civil work)
 

      Author’s project definition is “BTS Integration and transmission loop protection.” While completing project, author also studied other concepts related to BSC, , DN2, metrohub, PDH, SDH, ATM, EDGE, GPRS etc. author was also involved in Fault Finding at various sites.
   Author includes transmission concept, microwave radio, BTS types (ultrasite and metrosite), BSC, switching devises etc. Author also includes loop implementation to provide protection in the network. Author also emphasizes on problems phases during training period and customer complain.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Company’s Profile 
 

      Fascel Limited, the largest cellular provider of Gujarat, is a joint venture of Hutchison Telecom and the Hinduja Group. 

      Hutchison group, one of the largest cellular operators in India, is also one of the world's leading telecommunications company. Hutchison Telecom is a part of Hutchison Whampoa Limited (HWL); a Hong Kong based Fortune 500 company operating in 41 countries spread across the Asia Pacific region, Europe and America. It is one of the largest companies listed on the Hong Kong Stock Exchange. Hutchison Telecom is also recognized as one of the first cellular operators in the world, having started its services way back in 1985. 

      Hutchison established its presence in India in 1994, through a joint venture with Max India Limited. In 1995, Hutchison Max Telecom became the first operator in India to launch its cellular service. Today, Hutchison is the one of the largest providers of cellular services in India with presence in all the major regions - Orange in Mumbai and Hutch in Gujarat, Kolkata, Andhra Pradesh, Karnataka, Delhi, Chennai, Haryana, Rajasthan and UP (E). Hutchison's philosophy is to make the best of mobile telephony available at the most affordable rates. 

      It is also the country's largest roaming operator, with a more extensive network in India and around the world than any other operator. 

      Hutchison affiliates jointly account for the largest number of cellular subscribers in India numbering over 4 million. 

      In Gujarat, Fascel Limited, till recently, offered its cellular services for postpaid and prepaid customers under the brand names - Celforce & Celsuvidha. The legacy of impeccable service quality and coverage has now passed on to a single brand name - Hutch; with Celforce giving way to Hutch Postpaid & Celsuvidha to Hutch Prepaid. 

      As a Hutch customer you can enjoy a host of premium value added services. These include National and International Roaming spanning over 90 countries and 240 networks, Short Messaging Service, Short Messaging Applications, Voice Messaging Service, Voice Response Service, Voicemail Service, Fax & Data Services to name a few. 
 
 
 
 

Hutch’s participation in Highway Rescue Project 

      According to the UK-based Advanced Life Trauma Service System, 90% of deaths due to road accidents can be prevented by aid in the first one-hour of the accident also called the ‘golden hour’. This was the rationale with which Dr. Subroto Das, a dynamic Vadodara based doctor, Hutch along with organizations such as Indian Oil, Maruti Udyog, Times of India and State Transport Corporations; pooled resources to start the Highway Rescue Project, the first such highway trauma service on the National Highway 8. The Highway Rescue Project is a unique initiative for providing medical and rescue services for highway travelers along the 263 km stretch between Ahmedabad and Surat, one of the busiest roads in the country. Supported by 34 hospitals along the highway, 67 ambulances, SOS signboards, and the 9825026000 Hutch number, the Highway Rescue Project has saved the lives of more than 147 victims. The control room of the project is located at Baroda and is operational round the clock, all year round. Buoyed by the project’s success, there are plans to extend the service along the full length of the entire 490 km stretch of the NH 8 that runs through Gujarat. 

Hutchison Whampoa Limited (HWL)     

      Hutchison Whampoa Limited (HWL) is a leading international corporation committed to innovation and technology with businesses spanning the globe. Its diverse array of holdings range from some of the world's biggest retailers to property development and infrastructure to the most technologically-advanced and marketing-savvy telecommunications operators. With revenue of HK$145,609 million (US$18,668 million) and operations in 39 countries, Hutchison has five core businesses - ports and related services, telecommunications, property and hotels, retail and manufacturing, and energy and infrastructure. Flagship companies include Hutchison Port Holdings, Hutchison Telecom, Hutchison Whampoa Properties, A.S. Watson, and Cheung Kong Infrastructure.

      Hutchison has over 170,000 employees worldwide. Executives and staff are a multicultural mix as diverse as the reach of the corporation's operations: Hong Kongers, Chinese, Americans, Australians, Belgians, British, Canadians, Dutch, Filipinos, French, Indians, Israelis, Pakistanis, Swedish and many other nationalities make up the people of Hutchison. 

Telecommunications
      Hutchison Telecommunications is a leader at the forefront of the continuing telecommunications revolution. As the first operator in the world to introduce third-generation (3G) mobile phones and networks, it provides consumers in Europe and Australia with multimedia applications such as Internet access and video clips accessed via handsets. 

      Hutchison Telecommunications one of the leading owners and operators of telecommunications and Internet infrastructure, offering a wide range of related services in 17 countries. These include fixed-line services, Internet services, fiber optic broadband networks, and radio broadcasting as well as mobile phone systems.

      As part of its strategy to be an international leader in 3G mobile multi-media telecoms, it owns licenses in 10 markets: Australia, Austria, Denmark, Hong Kong, Ireland, Israel, Italy, Norway, Sweden and the UK. Hutchison's 3G services, under the brand "3", have already been rolled out in Australia, Austria, Denmark, Hong Kong, Italy, Sweden and the UK.

      Hutchison Telecom has competed successfully to become the market leader in mobile phone operations in Hong Kong since launching 18 years ago and is poised to launch 3G services in Hong Kong. 
 
 

      Transmission 

      Transmission is an important element in any mobile network, affecting the services and service quality offered, as well as the costs of the mobile operator. Optimization of transmission solutions is thus certainly worthwhile from the operator’s business point of view. In current mobile networks, transmission has been optimized for the narrow-band circuit switched traffic. This type of traffic will continue to dominate for some years: trying to optimize a network without taking it into consideration is totally out of question.

      However, as stated above, packet based information over the mobile network will show rapid growth and any reasonable network development plans have to take this into account and plan for a smooth and economic transition and evolution path for the transmission network. So, in broad terms, the transmission network must continue to provide well engineered and economically optimized solutions for the growing volumes of circuit based traffic, while at the same time develop the readiness to cope with the even faster growing data traffic of the future. This type of transmission solution is needed in all parts of the mobile network, both in access networks with many points and low-capacity links, as well as in core networks with high traffic volumes. This means for example that in a GSM network, a transmission solution is needed which provides for efficient transport of large number of 16 kbit/s channels and which can evolve to also carry packet based traffic, either ATM (Asynchronous Transfer Mode) or IP (Internet Protocol) or both. The solutions might be similar or different in different parts of the network: even the role and share of the different traffic types (TDM, ATM, IP) might be different, but the transmission network must support them all in a planned and managed way. 

Current Mobile Network Transmission 

Transmission network parts
      In any mobile network, there are different transmission needs, typically divided into two main application areas with their own characteristics:

• Access network,  which connects the base stations to the closest network control or network hub point, and called here “Base Station Access Network”, and

• Core network,  which connects the control (or hub) points to the mobile network switching centre, and called here “Core Transmission Network”. 

      In GSM networks, the control point mentioned above is the BSC (Base Station Controller) site:

       In a network structure with centralized BSC elements, the distinction between access and core in the transmission sense may be more naturally defined as certain hub sites where traffic for large numbers of base stations is consolidated into common transmission pipes. Key characteristics for Base Station Access Network transmission are that there are a lot of base stations, in different types of location, new capacity is added constantly in the form of new transceivers and sites and the transmission capacity needed for one base station is relatively low. 

In the switching and BSC environment, there are far fewer sites and distances between them are often significantly long compared to distances from one base station to another; the transmission capacity at these connections is high as a result of traffic accumulated from a large service area; and as these connections carry a lot of traffic, they must be highly reliable. 

Base Station Access Network 

      The Base Station Access Networks are most often both owned and operated by the mobile network operator as a strategic asset. The main reasons for this are profitability, together with the control it gives over roll-out and services in terms of quality and the timely availability of new connections. Microwave access dominates in base station access network implementations, as it is often the fastest means for network roll-out and capacity-expansion. Using microwave transmission, an operator saves on operational expenses compared to laying his own cables or leasing connections. At least two-thirds of all base station connections are based on microwave. A good alternative in base station access is copper-based transmission, when copper lines are widely available at an attractive price. This is particularly attractive if the operator owns copper lines.  

      The access technology for the “cold copper” case has been HDSL (High bit rate Digital Subscriber Line). However, copper-based connections may not always provide the same flexibility and controllability in roll-out as wireless alternatives. Copper has redeemed its place particularly in offices, where base stations need to be connected to the existing network infrastructure. Optical fiber is constantly gaining a greater foothold. Fiber-optics have a clear role in future network implementations, providing transmission capacity to regional hubsites, from where the capacity is further distributed by using wireless or copper media up to individual base stations. Mobile network operators who also operate an optical fiber network may use this asset today to provide access even up to the base station sites. 

Hubsites are needed in Base Station Access Network transmission for grooming traffic and managing protection, especially when distances between the BSC and base station increase. Support for various topologies and media alternatives with varying interface capacities satisfy future growth path needs. Having the required solution integrated with the BTS (Base Transceiver Station) and manageable by a single Network Management System provides smooth, timely, cost efficient and reliable implementation, as well as ease of operation. 

Core Transmission Network 

      The connections between switches, extending also to base station controller connections, are of higher capacity than the base station access connections, and the distances to cover are longer. Not every mobile network operator has so far had the resources to build their own transmission for these long legs, so these may be rented from a country-wide transmission services provider as protected 2 Mbit/s connections. Fiber-optic networks have extended in many areas. This trend has been driven primarily by the global data services boom generating the need for higher transport capacities.

      Fiber-optics is often the most feasible implementation of core transmission infrastructure in areas where basic telecommunications services have been scarce. BSC-to-switch and inter-switch traffic is already carried mostly over optical fiber, even if this may be invisible to a customer subscribing to a protected N x 2 Mbit/s leased line service. The existence of fiber-optic networks, and synchronous digital hierarchy (SDH) technology in particular, compared to N x 2 Mbit/s leased line service prices, has led many operators to reconsider their core transmission sourcing policies. Firstly, much of the existing N x 2 Mbit/s leased transmission has been converted into SDH VC-4 leased transmission, providing 63 x 2 Mbit/s capacity. The main reasons for this change are the savings achieved in operational expenses and the fast upgrades in capacity. The only changes involved for mobile network operators have been the purchase of an SDH multiplexer, located at their central transmission sites, to provide 2 Mbit/s electrical interfaces with the leased SDH stream. If the leasing alternative is chosen for backbone services, for greatest cost-efficiency, leasing should take place at the STM-1 (VC-4) level, not the N x 2 Mbit/s level. With current leasing prices, the SDH alternative may bring the annual operating cost of leased connections down by around 70–80 % for full SDH lines, easily justifying the modest investment needed in SDH terminal multiplexers. With partially-empty lines, the savings are naturally less than this.

      The second step, already directly taken by a number of mobile network operators, has been to acquire their own SDH terminal equipment and lease dark fiber to carry the signal. In areas where leased dark fiber is a scarcity, the growth-path from this has been a roll-out of own or partially owned fiber-optic cable infrastructure between key locations in the network – including the central switching sites and a number of other strategically important hubsites, for further capacity distribution to meet the needs of the base station access system.  

Network topologies 

      In the GSM hierarchy, the logical network is tree-like in structure. The logical connections are based on TRXs connected from the BTS to the BSC, and then straight trunk connections from the BSC to the MSC. The practical implementation, however, has various forms. 

      Network topology is a critical issue for any operator. Topology and capacity should be planned together with the Q1 management network in a proper way from the very beginning. Thus, it is very important that transmission is flexible to cope with future expansion needs. The topologies which must be supported include star, chain/multidrop, and loop topologies. These typical topologies are usually combined in different ways, producing a vast array of topologies in actual networks.

      The transmission units integrated in the Nokia BTSs allow a wide array of transmission topologies.  
 

Star topology (hub-and-spoke) 

      In the simplest topology, BTSs are at the end of a point-to-point link. There is simply a straight connection from the BSC or a transmission hub to each BTS. This is known as star, or hub-and-spoke, topology. Only one transmission interface is needed at the BTS. If the BTS is less than 12 TRX in capacity, some transmission capacity remains unused. This does, however, allow room for future growth, either at the same BTS or as new BTSs are added nearby. 

      A star centre, or hub, requires as many transmission interfaces as there are spokes. This poses a challenge if the medium is microwave: radio hops must have sufficient frequency separation. Additionally, in a star topology, the only transmission protection possible is redundant links. This doubles the investment in transmission, and, depending on the protection used, doubles the number of microwave frequencies needed.

The following figure illustrates the star topology: 
 
 

Chain/multidrop topology and branching 

      Using two interfaces in a BTS allows the chaining of BTSs one after the other. A transmission link enters a BTS, where traffic from that BTS is added (this is one form of grooming), and exits from another transmission interface to continue to the next site. A chain topology is needed, for example, along highways. The chain length is typically five to ten BTSs. Chain topology is also known as multidrop, as the transmission node is considered an add-drop multiplexer. Once a BTS has more than two interfaces, many new topologies are enabled: at each BTS, the traffic can be branched. This is especially useful for combining the capacity of several BTSs into fewer transmission links. The BTS not only performs the function of squeezing its own required capacity into a bypassing transmission link, but it can also add that of remote BTSs.

      The additional interface(s) can be used for other purposes as well, including multiservice sites, microcellular hub sites, and even for providing access for fixed services. This is a major benefit of branching capability, as it allows future growth, either in BTS density, or in business scope (service offering).

      The following figure illustrates the chain/multidrop topology: 
 
 

Loop topology 

      A loop is the most cost-effective investment in transmission protection, as only one "extra" link is required, compared to redundant links, where every single hop has duplicated equipment. When applied in microwave radio transmission, loops remarkably increase the reliability of connections. For example, the effects of outages due to rain are minimized. Alternatively, the availability increase can be converted into longer hop lengths. Additionally, connecting a set of BTSs in a loop, rather than as a star, dramatically reduces the number of microwave radio frequencies needed.

      The following figure illustrates the loop topology: 
 
 
 
 
 
 

            Above diagram shows the general network architecture. Diagram shows the connectivity between the networks. BSC is connected with MSC through transcoder and sub multiplexing unit via media. BSC is connected to various BTSs via different media as shown in the diagram. The nearby sites are directly connected through PCM cable.  Sites are implemented in to loop using switching devices (metrohub, DN2). Media are selected accordingly distance.   

Capacity requirement at an individual site 

      GSM operators possess about 5 MHz of bandwidth for their use and under this condition each cell can be allocated up to 3–4 TRX (Transceivers). As three-sector base station sites are very common, each base station site then has up to 9–12 TRX, requiring 1.5...2 Mbit/s of transmission capacity per site.

      In rural areas the number of transceivers per cell can clearly be less, and the transmission capacity requirement is accordingly lower. When the operator has been allocated more carrier channels, either on the same band or as a dual-band solution, and these additional carriers are allocated to the sites described above, the maximum transmission capacity per site naturally increases in proportion to the number of carriers. The limited number of mobile network radio channels available limits capacity achievable with the macrocellular solution. After the macrocellular capacity ceiling has been reached, mobile network capacity expansion takes place through a transition to micro and pico cells. These, in addition to loading the transmission connections higher up in the network hierarchy in the same way as macrocell transceivers, require low-capacity transmission connections to be available at new base station sites. 

      The transmission network constantly expands, radially from the core network. This creates a need to use different capacity options, providing the same transmission products in various parts of the network.  If a significant number of channels are allocated to a microcell layer complementing the capacity of the macrocell network, the transmission capacity requirement accumulated from within the service area of a macrocell may increase radically (e. g. by 5–10 Mbit/s). This is because frequency re-use in the microcell layer can be considerably tighter than in the macrocell layer and the microcell layer can thus accommodate many more transceivers per square kilometer than the macrocell network can ever do. 

      Both scenarios thus lead to an increased transmission capacity requirement in the parts of the network where transmission lines from various base stations start accumulating into wider streams. The evolution in this respect is first to expand the Core Transmission Network.

      The next step is to expand Base Station Access Network with new hubsites at central locations close to major base station clusters and distribute capacity for base station access from these points. In a combined macrocell plus high-capacity-microcell implementation, transmission to microcells can be provided either through the macrocell acting as a hub point, or by-passing the macrocell, fed directly from the base station transmission backbone. Transmission for the traffic originating from indoor office picocells can be provided in the same way. 

      New high capacity EDGE air interfaces enable a totally new service portfolio for mobile end users. This introduces great opportunities for mobile network operators to create profitable growth from increasing mobile usage. EDGE, by increasing the GSM air-interface bit-transfer capacity three-fold, also increases the capacity required at the BTS-BSC connection for the EDGE-TRX. It may be that a GSM operator adopts EDGE for wide use fairly rapidly in urban areas, whereas in rural areas most of the transceivers may remain traditional GSM transceivers for a long time and EDGE is implemented as a thin macrocell data communication services layer. In dense urban areas, the transmission capacity requirement per site of such a  network may quickly quadruple, having strong implications not only for the Base Station Access Network, but also for the core network. In the areas where EDGE is rolled out only as a thin layer, the overall increase in net capacity need may remain very modest. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Microwave radio 

Features:
      Nokia FlexiHopper provides the operator with a flexible, innovative, and reliable way of building coverage and capacity where needed. 
 
 

Figure: Nokia Flexi Hopper Microwave Radio and Nokia Metro Hopper 
             Radio in use at a Nokia Metro Site base station site. 

      A Nokia Flexi Hopper network element consists of an indoor unit (IU) and an outdoor unit (OU). The units are connected together with a single coaxial cable, Flex bus. The Flex bus cable can be up to 300 m long. 
 
 

One unit, all capacities; one platform, all frequencies 

      The Nokia FlexiHopper Microwave Radio family includes models for the 13, 15, 18, 23, 26, and 38 GHz frequency bands. The radio transmission capacity of all Nokia FlexiHopper models is 2 x 2, 4 x 2, 8 x 2, or 16 x 2 Mbit/s. This can be selected using the node manager or the network management system (NMS) without any hardware changes. 
 

      Figure:  Components of the Nokia Flexi Hopper network element
One indoor unit supports two outdoor units 

      Nokia supplies four different indoor units for Nokia FlexiHopper to provide optimal features for different environments. All frequency bands use the same indoor units. One indoor unit (excluding FC RRI) can support two outdoor units. Up to four outdoor units can be connected to one FIU 19 indoor unit. When four outdoor units are used, one of the transmission directions must be protected. The full radio capacity from 2 x 2 Mbit/s up to 16 x 2 Mbit/s is available with all indoor unit models. The add/drop capacity varies according to the indoor unit model. The same indoor units can also be used with Nokia Metro Hopper at 4 x 2 Mbit/s radio capacities. 

Easy to use management system 

      Nokia Flexi Hopper can be fully controlled and managed locally by

• Nokia Hopper Manager (with FIU 19 and RRIC)

• Nokia Site Wizard (with FC RRI and FXC RRI)

or remotely with the Nokia NMS.

Flex bus: single cable interconnections.

      The bidirectional Flex bus cable connects all system elements together. Flex bus carries 1 - 16 x 2Mbit/s signals and control data between the elements of the node, from the indoor unit to the outdoor unit, as well as from one indoor unit to another indoor unit. Flex bus also feeds power to the outdoor unit. 

Figure: The basic Nokia Flexi Hopper node configuration, 
              one indoor unit and one outdoor unit and Flex bus. 

Reliable connections 

      Nokia Flexi Hopper provides reliable connections and high availability in all Environments. The reliability of the equipment is excellent due to the high Integration. 

Forward error correction and interleaving:  

      Nokia Flexi Hopper radios use forward error correction (FEC) and interleaving to improve signal quality. The FEC is continuously on and the interleaving is selectable between off, 2-depth, and 4-depth modes. The forward error correction uses Reed-Solomon coding (RS (63, 59)). The code uses 4 redundancy symbols for every 59 data symbols, so the redundancy of the coding is 6.4%. Together with interleaving also errors of burst type can be corrected. Maximum error correction effectiveness is achieved with 4-depth interleaving.

      When the interleaving is in use, transmission delay increases slightly. This is normally not a problem, but in long chains of radio-links the delay accumulates, and it might be necessary to turn the interleaving off. Acceptable delay for a chain of links should be determined in transmission planning stage and the interleaving status set accordingly. 

ALCQ (Adaptive Level Control with Quality measure): 

      ALCQ is a method for automatic transmits power control. This feature enables the radio transmitter to increase or decrease the transmit power automatically, according to the response received from the other end of the hop. This approach achieves more efficient utilization of radio frequencies than the constant level approach. The controlled use of transmit power reduces interference between systems, which in turn allows tighter packing of radio links within the same geographical area or at network star points.

      The maximum transmit power is set with Nokia Hopper Manager. When ALCQ is in use, the radio always tries to transmit at minimum power. The minimum power is calculated from the fading margin value which is also set with Nokia Hopper Manager. This value can be obtained by doing a fading margin measurement test or the value calculated by the transmission planning can be used.

      If the fading increases rapidly (multipath fading), the radio reacts immediately by increasing the power, but not higher than the set maximum value. After the fading conditions resume to normal, the power is gradually decreased. ALCQ also reacts to slow changes in fading conditions by gradually increasing the transmit power. 

Automatic fading margin measurement 

      During the commissioning of a microwave radio, the operator may wish to measure the fading margin of the radio hop. Traditionally this has required much work and additional hardware, such as RF (radio frequency) attenuators. In Nokia Flexi Hopper, the fading margin measurement is automatic and can be started simply by using software. 

Protection methods: 

      In single use, the signal is not protected against equipment or propagation faults. In the event of a fault, the connection remains broken until the equipment fault has been repaired or the cause for the propagation fault goes away.

Note: ALCQ can provide some protection against propagation faults.

      Three types of transmission protection are available with Nokia Flexi Hopper:

Equipment protection, propagation protection, and loop protection. 

Equipment protection 

      Equipment protection protects a single transmission link against faults in the equipment. In equipment protection a pair of Nokia Flexi Hopper outdoor units (and possibly also a pair of indoor units) are protecting each other.

      Equipment protection can be implemented by any of the following methods (currently available with the FIU 19 and RRIC indoor units):

• Hot standby (HSB)

• Hot standby + space diversity (HSB+SD)

• Frequency diversity (FD): In frequency diversity, two transmitters are transmitting the same signal simultaneously on different frequencies.

• Polarization diversity (PD): Polarization diversity is otherwise identical to frequency diversity, but instead of two frequencies, the signal is transmitted on two polarizations simultaneously. 

Propagation protection 

      Propagation protection is used to minimize the number of traffic interruptions due to interference in the transmission path. In propagation protection, a pair of Nokia   Flexi Hopper outdoor units (and possibly also a pair of indoor units) are protecting each other.

      The changeover caused by propagation interference is error-free (hitless).

      Propagation protection can be implemented by any of the following methods (currently available with the FIU 19 and RRIC indoor units):

• Hot standby + space diversity (HSB+SD)

• Frequency diversity (FD)

• Polarization diversity (PD). 

Loop protection 

      Loop protection is actually a type of network topology. It differs from the former methods in that it protects an entire transmission route and not a single link. If required, single links in a loop can be protected with equipment or propagation protection methods.

      Loop protection protects both against equipment faults and against interference in the transmission path. When a fault is detected, traffic is routed in the opposite direction around a ring of radio links.

 With Nokia FlexiHopper the capacity of a loop can be up to 16 x 2 Mbit/s. The add/drop capacity at a loop site depends on the indoor unit used. The FXC RRI indoor unit has an integrated 8 kbit/s cross-connection section which enables loop protection.

      With the RRIC indoor unit, loop protection is available together with the TRUx base station transmission unit. See the relevant TRUx manual for more information.

      Loop protection can also be implemented with the FIU 19 indoor unit, if external cross-connection equipment is used (Nokia DN2 Dynamic Node Equipment, for example). 

Site configuration examples: 
 
 

      Figure:  Unprotected station configurations with the FIU 19 indoor unit 
 
 
 
 
 

      Figure: Protected station configurations with the FIU 19 indoor unit 
 

      Figure: Site configurations using the RRIC indoor unit 
 
 
 
 
 

Mechanical structure 

Nokia FlexiHopper outdoor unit 
 
 

Figure: Nokia Flexi Hopper 15 GHz outdoor unit with 
                  Integrated 30 cm antenna and alignment unit. 
 
 

      The antenna used with Nokia Flexi Hopper may be integrated or separate. Antennas are available in five sizes: 20, 30, 60, 120, and 180 cm. The sizes available depend on the frequency band of the unit. The polarization of the antenna can be easily changed by rotating the outdoor unit and the antenna feeder through 90 deg.

FIU 19 indoor unit 

      FIU 19 has a modular construction, with optional plug-in units and an expansion unit. These allow different site configurations to be implemented flexibly and economically.

      The FIU 19 indoor unit is only 2/3 U (29 mm) high. The maximum interface capacity of the main unit is 12 x 2 Mbit/s. Interface capacities over 12 x 2 Mbit/s can be implemented by install ling the 16 x 2 Mbit/s expansion unit underneath the main unit. The expansion unit has the same external dimensions as the main unit. 
 
 
 
 
 
 
 
 
 
 
 
 
 

FXC E1/T1 
 
 

      In mobile networks, many different ways are needed for routing the traffic. The traffic routes via the network elements are defined by using the cross-connection functions available in the network elements, and the traffic routing is basically the management of the cross-connections in the network elements. FXC E1 and FXC E1/T1 transmission units provide the transmission functionality, including cross-connections, for various Nokia transmission solutions. The units can be applied as single-unit transmission equipment or a multi-unit cross-connect node. 

Features:
      The main features of the FXC E1 and FXC E1/T1 transmission units are 

•  Four 2 Mbit/s (E1) Abis interfaces to the multidrop 2 Mbit/s transmission line.

•  Four 1.5 Mbit/s (T1) Abis interfaces to the multidrop 1.5 Mbit/s transmission line. (only in   FXCE1/T1)

•  In FXC E1/T1, each interface can be independently configured to E1 or T1mode.

•  cross-connections with the following granularities: 8k, 16k, 32k, 64k, n x 64k and 2M.

•  Support for several cross-connection types.

•  Grooming, branching and loop protection support.

•  Ability to operate as a loop network master or slave.

•  Handling of timeslot 0 at 2 Mbit/s interfaces. The 2 Mbit/s E1 frame/ multiframe structure transmitting and receiving functions at the 2 Mbit/s interfaces (HDB3 line coding, clock recovery, AIS detection etc.) 

•  The Rx-connector of line interface 4 can be used as a synchronization interface for externally provided 2048 kHz or 1544 kHz clock signals.

•  Easy management of settings and transmission configurations both remotely and locally, using the Nokia Q1 management protocol. The management is carried out using Nokia NMS-compatible node manager software.

•  Multiple Q1 management connections can be active simultaneously.

•  Advanced testing features: the transmission unit’s internal tests can be started through the node manager.

•  Applies the Nokia Q1 End-to-End traffic routing model which allows easy transmission network planning. Nokia Auto configuration is also supported for this purpose.

•  Support for Nokia Auto configuration which eases and speeds up the setup and commissioning of the BTS and the whole base station system (BSS) network 

Main blocks 

      FXC E1 and FXC E1/T1 units are encased plug-in units constructed on a printed circuit board. The unit connects to other units in its environment via its backplane connectors, so it does not require any additional cabling except the line interface cables.

      In the functional block diagram the unit is divided into the platform and the application part. The former takes care of the cross-connections and the interfacing to other transmission units. The latter part interfaces to other network elements. 
 
 

FXC RRI 

      The traffic routes via the network elements are defined by using the cross connection functions available in the network elements. Thus, traffic routing means managing the cross-connections in the network elements. FXC RRI transmission unit features the cross-connection function, allowing the traffic to be groomed so that transmission paths are fully utilized. This will help to reduce transmission costs.

Features
      The main features of FXC RRI transmission unit are:

•  Two Flexbus interfaces, which give support for two radio outdoor units or any other network elements with Flexbus interfaces.

•   Separate short circuit protection in both Flexbus interfaces. This ensures that a short circuit in either of the interfaces does not affect the other Flexbus interface.

•  Capacity bypassing possibility at 2M level from one Flexbus interface to another.

•  Up to 16 x 2 Mbit/s add/drop capacity.(platform interfaces)

•  Cross-connections with the following granularities: 8k, 16k, 32k, 64k, n x 64k, and 2M.

•  Support for several cross-connection types.

•  Grooming, branching, and loop protection support.

•  Ability to operate as a loop network master or slave.

      Easy management of settings and transmission configurations both remotely and locally, using the Nokia Q1 management protocol. The management is carried out with Nokia NMS compatible node manager software.

•  Advanced testing features: the transmission unit's internal tests and loop backs can be started with the node manager. 

Main blocks
      FXC RRI units are encased plug-in units constructed on a printed circuit board. The unit connects to other units in the base station or transmission node cabinet via its backplane connectors. It can be connected to a radio outdoor unit or another Flexbus compatible network element through the Flexbus interfaces. In the block diagram FXC RRI is divided into the backplane and the application part. The backplane takes care of the cross-connections and interfaces to other transmission units within a node. The application part interfaces to either to radios or other RRI-units. 
 

Flexbus interfaces 

The Flexbus interfaces handle the communication between the FXC RRI and the radio or another indoor unit.

•  Radio power feed (55 VDC)

•  Separate short circuit protection for both radios

•  Over voltage protection

2M cross-connect
•  Cross-connection of data signals at 2 Mbit/s granularity.

•  Data rate adaption between 2M line interfaces and Flexbus interfaces.

•  Capacity bypassing from one Flexbus interface to another.

•  Alarm indication signal (AIS) detection.

•  Elastic buffers for signal justification/degasifications.

•  Clock regeneration. 

E1 framer / deframer
•  16 x 2M framer/deframer

•  2M line termination 

Interface description
      FXC RRI has two Flexbus interfaces on the front panel and a cross-connection

bus interface on the backplane.

Through the Flexbus interfaces, FXC RRI can be connected to:

•  Nokia MetroHopper radio with 4 x 2 Mbit/s capacity

•  Nokia FlexiHopper radio with 2, 4, 8 or 16 x 2 Mbit/s capacity

•  Another radio indoor unit with a Flexbus interface

In case Flexbus interface is connected to an outdoor unit, also power (55 VDC) can be fed through it to the outdoor unit. If the total Flexbus interface traffic in one FXC RRI is more than 16 x 2 Mbit/s, the extra traffic can be bypassed from one Flexbus interface to another in a separate 2 Mbit/s cross-connection field. 

      FXC RRI does not have a separate management connector, as it is managed via the Local Management Port (LMP) of the base station or the transmission node, or via Nokia Q1 bus. 
 
 
 
 
 
 
 
 

Flexi Hopper Commissioning 

      Connecting the communication cable.

      If Nokia Hopper Manager is used for local management, the computer must be connected to the indoor unit using the communication cable. The cable has a D9 (female) serial connector at one end and a BQ connector at the other.

      Connect the BQ connector to the local management port (LMP) of the indoor unit (FIU 19 or RRIC). Connect the other end to COM1 or COM2 port of the PC. 
 
 

      Figure: Connecting the communication cable
Equipment view
 

      The Equipment View window is opened whenever you are managing a network element or virtual node file. This window is also the connection to the network element. If this window is closed, the connection is closed.

      The window displays the configuration of the managed network element. This window can also be used to access the settings and identifications of each unit. Pressing the right mouse button while the mouse pointer is over a unit will display a menu.

      The status information for the radio hop and the LED status of the functional entities of the node can also be shown in this window. This information is updated periodically. The settings for this automatic refresh can be changed from the View Settings controls in the window.

  

    Figure: Nokia Hopper Manager window with FIU 19 Equipment View window
Commissioning Nokia FlexiHopper
 

1. Switch the power on.
 

2. Connect the LMP cable between the PC and the indoor unit and start Nokia Hopper Manager.

 

3. Set up the connection to the network element and run commissioning wizard.

To commission a network element, click Manage → Commission.... This will start the commissioning wizard. 
 

4. Click Next to continue with the commissioning wizard.

   5.   Enter the site information (optional).

      • Equipment name

      • Group name

      • Site name

      • Site location. 
 
 

5. Check for any connected outdoor units by selecting the appropriate Flexbus interfaces from the list and clicking Start. This will turn on the Flexbus power. Nokia Hopper Manager will notify you when any connected outdoor units are found. If you know that the Flexbus power is already on (for example, if it can be seen on the Equipment View window), you can bypass the scanning process and move to the next page.

 
 
 

7. Select the station type and protection mode. 
 
 

8. Select if the Flexbus interfaces are in use and set their capacities. 
 

9. Select the settings for the Q1 port and the local management port.

            • Baud rate  

      • Q1 group address 

      • Q1 address. 
 
 
 
 

10. Select the Q1 bus routing, which defines the way Q1 commands are routed through the network element.

 
 
 

11. Select the settings for the outdoor units connected to each Flexbus interface: • Tx frequency • Maximum Tx power • Tx power on/off. 
 
 
 

12. When you have entered all the required settings a summary of commissioning settings is displayed. It contains all the settings you have defined for the radio(s). Check that the settings are correct and click next to send the settings to the node. You can also go back in case you want to adjust the settings on previous pages.

 
 
 
 
 

13. After sending the commissioning settings, you can check the hop status of all the connected outdoor units. For each Flexbus interface the connected outdoor unit is shown along with its current state and received input level. 

14. On the last page you can set the node clock and installation information for the units. After you have done this, click Finish to complete the wizard.

Note: The status of the hop will not be ready before also the other end of the hop is commissioned successfully. 

15. Fine-align the antenna. 

16. Make the cross-connections with the manager.

      • FIU 19: using Nokia Hopper Manager.

      • RRIC: using TruMan. 
 
 
 
 
 
 
 
 

17. Make any additional settings with the manager. These settings can include:

• ALCQ

• Interleaving depth

• Identification data. 

18. Monitor the hop for at least half an hour. 

19. Save a copy of the node to a file. 

20. Back up the IU and OU configurations (recommended in 2IU+2OU protected mode). 

21.  Export the alarm log and the measurements and statistics recorded for the network element to a file. 

22. Close the connection to the node. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Antenna for Mobile Communications 
 

Introduction 
 
 

      In the last few years a large technological jump has taken place in the field of mobile communications due to the introduction of new mobile communication networks (GSM/PCN). The number of subscribers worldwide has risen to over 150 Million and the relevant frequency ranges within Germany alone.

      The requirements on the antennas needed for the ever expanding networks are becoming continually higher: 

– Strictly defined radiation patterns for a most accurate network planning.

   – Growing concern for the level of intermediation due to the radiation of many HF-carriers via one antenna.

– Dual polarization.

– Electrical down-tilting of the vertical diagram.

– Unobtrusive design. 
 

Theory 

      Antennas transform wire propagated waves into space propagated waves. They receive electromagnetic waves and pass them onto a receiver or they transmit electromagnetic waves which have been produced by a transmitter. As a matter of principle all the features of passive antennas can be applied for reception and transmission alike (reciprocally). From a connection point of view the antenna appears to be a dual gate, although in reality it is a quad gate. The connection which is not made to a RF-cable is connected to the environment, therefore one must always note, that the surroundings of the antenna have a strong influence on the antennas electrical features. The principle of an antenna can be shown by bending a co-axial cable open.

a) A transmitter sends a high frequency wave into a co-axial cable. A pulsing electrical field is created between the wires, which cannot free itself from the cable. 

b) The end of the cable is bent open. The field lines become longer and are orthogonal to the wires. 

c) The cable is bent open at right angles. The field lines have now reached a length, which allows the wave to free itself from the cable. The apparatus radiates an electromagnetic wave, whereby the length of the two bent pieces of wire corresponds to half of the wave length.

      This simplified explanation describes the basic principle of almost every antenna - the lamda/2-dipole. Not only is an electrical field (E) created due to the voltage potential (U) but also a magnetic field (H) which is based on the current (I). The amplitude distribution of both fields corresponds to the voltage and current distribution on the dipole.

      The free propagation of the wave from the dipole is achieved by the permanent transformation from electrical into magnetic energy and vice versa.

      The thereby resulting electrical and magnetic fields are at right angles to the direction of propagation  

Polarization 

      Polarization can be defined as the direction of oscillation of the electrical field vector. Mobile communications: vertical polarization or cross polarization

Broadcast systems: horizontal polarization 

Propagation Pattern 

      In most cases the propagation characteristic of an antenna can be described via elevations through the horizontal and vertical radiation diagrams. In mobile communications this is defined by the magnetic field components (H-plane) and the electrical field components (E-plane). Very often a 3-dimensional description is chosen to describe a complex antenna. 
 
 

Half-Power-Beam-Width 

      This term defines the aperture of the antenna. The HPBW is defined by the points in the horizontal and vertical diagram, which show where the radiated power has reached half the amplitude of the main radiation direction. These points are also called 3 dB points. 
 
 
 
 

Gain 

      In reality one does not achieve an increment in energy via antenna gain. An antenna without gain radiates energy in every direction. An antenna with gain concentrates the energy in a defined angle segment of 3-dimensional space. The l/2-dipole is used as a reference for defining gain. At higher frequencies the gain is often defined with reference to the isotropic radiator. The isotropic radiator is an non-existent ideal antenna, which has also an omni directional radiation characteristic in the E-plane and H-plane. 

Calculation: 

      Gain (with reference to the isotropic radiator dBi) = Gain (with reference to l/2-Dipole dBd) + 2.15 dB The gain of an antenna is linked to the radiation characteristic of the antenna. The gain can be roughly 

calculated by checking the HPBW`s in the horizontal and vertical planes . 
 

Diversity 

      Diversity is used to increase the signal level from the mobile to the base station (uplink). The problem with this path is the fact that the mobile telephone only works with low power and a short antenna. Diversity is applied on the reception side of the base station.

      A transmitted signal extremely rarely reaches the user via the most direct route. The received signal is very often a combination of direct and reflected electromagnetic waves. The reflected waves have differing phase and polarization characteristics. As a result there may be amplification or in extreme cases a canceling of the signal at specific locations. It is not unknown, that the reception field strength may vary 20-30 dB within several meters. Operation in a canyon-like street is often only possible by using these reflections. These reflections from buildings, masts or trees are especially common, because mobile communications predominantly uses vertical polarization. 
 

DIVERSITY TECHNIQUES    => USED TO COMBAT LOSSES

· Time diversity

 

· Frequency diversity

 
 

· Space diversity

 
 

· Polarization diversity

 
 
 

· Multipath diversity

Interleaving 
 

Frequency hopping 
 

Multiple antennas 
 

Cross polar antennas 
 
 

Equalizer, 

Rake receiver

t
f
Diversity techniques are used for improving coverage. Diversity gain depends on environment
Space Diversity 
 

      This system consists of two reception antennas spaced a distance apart. One antenna has a certain field strength profile with maxima and minima from its coverage area; the other antenna has a completely different field strength profile although only spaced a few meters away. Ideally the minima of one antenna will be completely compensated by the maxima of the other. The improvement in the average signal level achieved with this method is called diversity-gain. 

      Diversity antennas are not RF-combined because this would lead to an unfavorable radiation characteristic.

Both antennas function separately on different reception paths, whereby the higher signal per channel and antenna is chosen by the base station. Separation in the horizontal plane is preferred (horizontal diversity).

      The results of vertical diversity are considerably worse. 
 
 
 
 
 
 
 
 
 
 
 
 

Polarization Diversity 
 
 

      The reflections which take place within urban areas are not all of the same polarization, i.e. Horizontal components also exist. Furthermore a mobile telephone is never held exactly upright which means that all polarizations between vertical and horizontal are possible. It is therefore logical that these signals be also used. Space diversity uses 2 vertically polarized antennas as reception antennas and compares the signal level. Polarization diversity uses 2 orthogonally polarized antennas and compares the resulting signals. 
 
 
 
 
 
 
 
 
 
 
 

 

 

      Polarization +45°/-45°
       

          It is also possible to use dipoles at +45°/-45° instead of horizontally and vertically (0°/90°) placed. One now has two identical systems which are able to handle both horizontally and vertically polarized components. This combination brings certain advantages in flat regions because the horizontal components are fewer due to the fewer reflections. A further advantage is that both antenna systems can be used to transmit. Experiments have shown that pure horizontal polarization achieves considerably lower results than vertical polarization when transmitting. Two transmitting channels using hor/ver antennas are combined via a 3-dB-coupler onto the vertical path. As a result half the power of both transmitting channels was lost. Both polarizations are fully suitable for Tx if you use cross-polarized antennas resulting in a system as in Figure. 
 

Schematic for giving mechanical downtilt to GSM antenna 

Various type of Sites 
 

Site View 
 
 
 
 
 
 
 

   
 
 

There are basically 2 types of sites. 

1.) Green Field Site. 
 
 
 
 
 
 
 
 

2.) Roof Top Site. 
 
 
 
 
 
 
 

Nokia BTS 

      Base Transceiver Station, BTS, is a part of the Base Station Sub-system, BSS. The BTS provides the radio part for the BSS and is located between the BSC and Mobile Station, MS. The Nokia BTS is not based on the DX switching platform. It has its own platform. BTS handles the signaling as well as the traffic in the air interface. It also detects the MS. BTS is responsible for power control in the downlink direction. LAP-D signaling is used between the BSC and BTS and LAP-Dm between MS and BTS.

Nokia BTS Families
 

The BTS Stations manufactured by Nokia have gone through multiple generations.

Nokia 2nd generation BTS
Includes
       Cell extension solutions

       Optimized transmission solutions

       Remote configuration management

              Remote fault management

       Downloadable SW from the OMC

       Local MMI for monitoring and control 

       Non volatile flash memory for SW storage.

Nokia Talk Family BTSs
 

1) Flexitalk:  Used while being wall-mounted indoors, shopping malls, underground site, etc.

                  Capacity: 1 or 2 TRX in omni directional configuration.

                  Size: all dimensions 50 cm.

2) Flexitalk+:    Similar to Flexitalk in capacity and configuration but is                                                                                                                             

            Slightly bigger at 1m.

3) City Talk:      Capacity: 6 TRX in omni directional configuration.

Height: 136 cm

            4) Intra Talk:    Capacity: 6 TRX in omni directional configuration

Height: 160 cm 

Nokia Prime Site
      The Prime Site has a high level of hardware integration. It has a compact card and chassis construction.

Capacity: 1 TRX
Nokia Metro Site
      Nokia Metro Site is a base station and transmission equipment combined solution. It is designed for micro cellular applications.

Capacity: 4 TRXs

         

Ultrasite BTS
      The Nokia UltraSite EDGE BTS is available in different cabinets for outdoor and indoor applications:

• Nokia UltraSite EDGE BTS Outdoor – 12 TRX
• Nokia UltraSite EDGE BTS Indoor – 12 TRX  

• Nokia UltraSite EDGE BTS Midi Indoor - 6 TRX (valuable where vertical space is limited 
 
 
 
 

Nokia MetroSite Base Station 

      The Nokia MetroSite GSM BTS is a complete, all-climate microcellular base transceiver station. It can be used in GSM 900, GSM 1800, GSM 1900 systems, or as a GSM 900/GSM 1800 dual band BTS. Both omni and sectored configurations are supported. The small-sized Nokia MetroSite GSM BTS cabinet accommodates up to four transceiver units (TRXs).In order to ensure high quality of calls, the Nokia MetroSite GSM BTS supports versatile features, such as frequency hopping. Due to its compact size, low weight, and high level of integration, the Nokia MetroSite GSM BTS is fast and easy to install, either indoors or outdoors with minimal preparations. Both wall and pole installations are supported.  
 
 

      Figure:  Nokia MetroSite - an ideal solution for dense, urban environment 

Applications
· Building microcells with Nokia MetroSite BTS

· The efficient frequency reuse requires that the size of the coverage areas (cells) be limited.

· The Nokia MetroSite GSM BTS can be sectored freely. A sector consists of one broadcast control channel (BCCH) TRX and, often, of one to three traffic channels (TCH) TRXs. The maximum number of TRXs in one sector is four.

Examples
1) 

      Figure shows a single band (GSM 900) BTS which has four TRXs in one sector. The antennas are directed to the same direction; the resulting coverage area comprises four TRXs. In order to employ the diversity, it is most feasible to connect the TRXs which share the diversity to different antennas. 
 
 

      Figure : 4 TRXs in one sector single band configuration 

2) 

      Figure shows schematically the coverage areas created with a BTS that has four sectors (two GSM 900 sectors and two GSM 1800 sectors). In Figure 7one GSM 900 and one GSM 1800 sector are connected to each antenna. The antennas are directed to different directions. 
 

      Figure: (1+1)/(1+1) Dual Band configuration 

3) 

      The 2+2 Dual Band configuration can be used to build one directional Dual Band coverage. This configuration has one GSM 900 sector which includes two TRXs, and one GSM 1800 sector also including two TRXs. One TRX from the GSM 900 sector and one TRX from the GSM 1800 sector are connected to one antenna. The antennas are directed to the same direction. Consequently, the coverage area comprises four TRXs (two GSM 900 and two GSM 1800 TRXs). In this kind of configuration diversity can also be utilized. Figure shows 2+2 Dual Band configuration. 
 
 
 

      Figure : 2+2 Dual band configuration 
 

Transmission of Nokia MetroSite BTS 

The following Transmission Units are used in MetroSite BTS:

1. FXC RRI

2. FXC E1

3. FXC E1/T1

4. FC RRI

5. FC E1/T1

 
 
 

      Figure: Examples of transmission connections 

      Examples of transmission topologies built with different transmission units are presented in Figure. Depending on the type of transmission unit, it is possible to use the following network topologies: 

• Chain connection (A and B in Figure)

• Star connection (C and D in Figure with the radio transmission alternative, the centre point of                the star is always a transmission node)

• Loop connection (E and F in Figure) 
 

General Function, Construction and Units 
 
 

      Figure : General principle of signaling between network, BTS and mobile station 

      In the uplink direction, the signal from the MS is picked up by the antennas and from there on the signal goes through the duplex filter to the RX part of the transceiver unit. In the RX part, the signal is converted to the Intermediate Frequencies and filtered. The baseband module performs the digital signal processing and sends the signal via the D-bus to the transmission unit. The transmission unit connects the BTS via the Abis interface to the BSC. The Abis interface can physically be either cable or radio link.

      In the downlink direction, the signal from the network is submitted via the transmission unit and D-bus to the baseband module for digital signal processing. The transmitter part of the transceiver unit receives the modulated baseband signal from the baseband module and filters the signal to sufficient output spectrum purity, and raises it to the carrier frequency. The signal goes through the duplex filter to the antenna, and the antenna sends the signal via the Air interface to the receiving MS. 
 
 
 

      Figure : Nokia MetroSite BTS block diagram 
 

Units and their arrangement within the Metro BTS 
 

      Figure : Arrangement of units 
 

Transceiver unit (VTxx, HVTxx) 
 

      The transceiver unit of Nokia MetroSite GSM BTS consists of digital and analogue parts and mechanics. The digital functions are in the baseband module whereas the analogue part consists of an RF module and integrated duplex filter. 

 

 
 

Interface unit (VIFA) 

The extension and control interfaces of the Nokia MetroSite GSM BTS are located on the interface unit. Furthermore, the BTS master clock is provided by the    interface unit. The interface unit provides the 26 MHz master clock generation and conversion to 6.5 MHz level. 
 
 

      Figure : Interface unit of Nokia MetroSite BTS 
 

· The LMP provides the connection to the Manager PC. The connector type for LMP is BQ, RS-232.

· The Nokia Q1 interface provides a connection for supervising the Nokia Q1-bus compatible external equipment, such as DMR radios. The Q1 interface connector type is TQ.

· The Extension Interface is a 50-pin mini D-type connector which can be used for BTS chaining and for connecting Nokia MetroHub Transmission Node.

· The External Alarms and Controls (EAC) connector provides the interface for 10 customer definable external alarm inputs (EA) and 4 control outputs (ECO).

 
 
 

Power supply unit (VSxx, HVxx) 

      The purpose of the power supply unit is to convert the incoming AC or DC supply voltages into appropriate DC output voltages. The power is distributed to the units of the Nokia MetroSite GSM BTS and to radio outdoor units (if used) via the backplane. 
 

      Figure: Power Supply Unit 

The output voltages from the power supply unit are the following:

• +3.4 VDC, +5.1 VDC, -5.1 VDC, +9.1 VDC, -9.1 VDC, +26.2 VDC and +55 VDC

• 24 VDC for fan unit. 
 

Fan unit (VMFA, HVMF) 

      The fan unit is located at the bottom of the cabinet. The master TRX controls the fan unit via I2C-bus according to temperature information from other units. The cooling is performed by adjusting the rotation speed of the fan. The adjustable speed also minimizes the noise generated by the fan unit. The fan unit has 16 gradually adjustable speeds. 

Two cooling fan units are available, one for a BTS fitted with 1W TRXs, and the other for a BTS fitted with 5W or 1W + 5W TRXs. 
 
 
 

      Figure : Fan Units 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

COMMISSIONING 

Nokia BTS Manager main windows 

      The main window of Nokia BTS Manager contains the main menu bar and three sub-windows, Supervision - Equipment view, BTS Events and Alarms. The main window and sub-windows are shown in the Nokia BTS Manager - main window Figure. If the sub-windows are not displayed, see the Defining Nokia BTS Manager options Section of this document. 

      In a BTS chaining configuration, where up to three BTSs are chained as one BCF object, the Supervision - Equipment View window will appear as shown in the Supervision - Equipment View window when two MetroSite EDGE BTSs are chained as one BCF object Figure. 
 
 

Defining Nokia BTS Manager Options 

      If there is no connection to the BTS when starting Nokia BTS Manager, only the BTS Events window is displayed and some BTS Manager menu options will not be available. In this case, check the communication parameters. Check also that the LMP cable is connected to the same COM port that is defined in BTS Manager. You can define the different BTS Manager options from FILE _ OPTIONS. 
 
 

Commissioning with Commissioning Wizard 

      To commission the BTS, follow the steps in the procedure below. You will be asked to refer to other sections in this document for some operations in the procedure, after which you should return to this main procedure. 

1)  Start Nokia BTS Manager 3.0 on your laptop.

2)  In BTS Manager, choose the COMMISSIONING _ WIZARD command from the main menu. The BTS Commissioning Wizard window appears.

3)  Commissioning can only be done with a non-commissioned BTS. If the BTS is already commissioned, select _Undo Commissioning_ and NEXT in the BTS Commissioning Wizard window (this would be the only option available in Commissioning Wizard). The BTS will be un-commissioned and the _Manual Commissioning_ option will then appear in the BTS Commissioning Wizard window.

      To commission the BTS, select _Manual Commissioning_ in the BTS Commissioning Wizard window and click NEXT (see the Opening window of BTS Manager_s Commissioning Wizard Figure). 

4)  Enter the parameters on the Set Transmission Parameters wizard page (see the Set Transmission Parameters wizard page of Nokia BTS Manager_s Commissioning Wizard Figure). All parameters on this page are optional. They appear in the Commissioning Report, but the BTS does not compare them with the corresponding parameters defined at the BSC. Click LIF SETTINGS to check the line interface settings. Modify the settings, if necessary, and click OK. See the Line interface settings Section for more information. 
 

Click SYNCHRONIZATION to check the synchronization settings. Modify the settings, if necessary, and click OK. See the Synchronization settings Section for more information. 

      Click NEXT after you have checked the parameters. 

5)  The Radio Links Settings wizard page appears if BTS Manager detects an F(X)C RRI transmission unit in the BTS configuration (see the Radio link settings in Nokia BTS Manager_s Commissioning Wizard Figure). If there are no radios in the BTS configuration and this wizard page does not appear, proceed directly to the next step in this procedure.

      Click the RADIO HOP(S) button to launch the Radio Wizard (from the radio transmission unit manager) and check or adjust the radio hop parameters. The signal quality can also be checked when making these adjustments in the Radio Wizard. Refer to the Radio Wizard Chapter for instructions on using the Radio Wizard. When the radio links are ready, click NEXT to proceed. 

6)  To allocate incoming Abis capacity to the BTS, click the TRAFFIC MANAGER button in the Transmission Configuration window (see the Opening Traffic Manager from Commissioning Wizard Figure) to open . For information on how to allocate the transmission capacity, see the Traffic Manager Chapter. 
 

When you have completed the allocation in Traffic Manager and you return to this wizard page, the BACK button is disabled because the transmission configuration has been loaded to the BTS and the transmission connection is established between the BTS and the BSC. If the connection fails, see the Troubleshooting and fault reporting Chapter of

      this document, _Troubleshooting and fault reporting_.

      If you need to change any of the parameters you have specified prior to this point, click CANCEL, run the _Undo Commissioning_ procedure and then re-commission the BTS with the correct parameters. Note Commissioning Wizard will automatically proceed to the next wizard page after you have allocated the incoming Abis capacity and the BTS is ready for testing. 

7)  Depending on the status of the Abis connection, proceed either from Abis connected or Abis not connected.

      a. Abis connected:
      During the BTS/BSC start-up scenario the BSC checks the BTS SW and if it is not the correct one, the BSC loads SW to the BTS. This loading will take from 5 to 20 minutes, depending on the OMUSIG link speed. If no SW loading takes place, the process will take about 10 seconds.

      If SW loading takes place, the BCF is in the _SW loading_ state during the SW loading operation. This information is shown on the BTS Events list. When the SW loading from the BSC is completed, the BCF is reset automatically. This means that the Supervision -

      Equipment View disappears for a few seconds, but after the BTS has started normally, the commissioning procedure continues automatically. After the SW checking and/or loading, the BSC sends the configuration data to the BTS and the BCF enters the _Configuring_ state. It can take up to five minutes for the oven oscillator to warm up after the BTS is powered on. The BTS Events window displays a message when the oven oscillator is ready. When the BTS is ready for testing, the Wizard automatically proceeds to the next wizard page and the BSC runs automatic tests on the Abis link and on each TRX installed in the BTS.

      The Abis loop test will take about two minutes (all channels of all TRXs are tested).

      b. Abis not connected:
      f the establishment of the BTS/BSC connection does not succeed (Abis cables are not connected, for example), the BCF remains in the _Waiting for LAPD_ state. If you now click NEXT, the Wizard displays a message (see the Abis not connected dialogue box Figure). The message also asks you if you want to give the _Use Current_ command. If you click YES in the dialogue box, the BTS starts to use the BTS SW in the master TRX memory and the Wizard proceeds to the BTS Test Reporting wizard page after TRX and BCF achieve the _Configuring_ state. If you click NO in the dialogue box,

the BCF remains in the _Waiting for LAPD_ state until you connect the Abis cables. 
 

8)  If Abis is connected, the BTS Test Reporting wizard page displays the test results (see the BTS test events Figure). Check the results in the _Events_ list.

Whether or not Abis is connected, BTS Manager requests HWreports from the BTS. The _Events_ list will display any alarms 10 seconds after the BCF has entered the _Supervisory_ state. The NEXT button becomes enabled at this point. Click NEXT to proceed to EAC input settings. 
 

9)  On the EAC Input Settings wizard page (the Setting and testing EAC inputs in real time Figure), select the required EACs as _In Use_ by marking the checkboxes and then test their functionality in real time.

      The state of each EAC will change in real time as you test it the alarm. Then, the appropriate state changes from _Open_ to _Closed_, or vice versa. After testing the EACs, mark them as _Checked_. When you have completed the testing, click NEXT.

      Note If the EAC inputs will not be used, just click NEXT without marking any checkboxes.  

10)  On the EAC Output Settings wizard page (the Setting and testing EAC outputs in real time Figure), test the required EAC outputs by ticking the _In use_ check box and testing the functionality of the outputs in real time. Mark tested outputs as _Checked_.

      When you have finished the EAC output settings, click the SET OUTPUTS button to send the information to the BTS.

      After you have completed the required EAC output settings, click NEXT. 
 
 

11)  The BTS Commissioning Report wizard page appears (see the BTS Commissioning Report summary window Figure). Check the BTS Commissioning Report. 12. Save the BTS Commissioning Report to the your BTS Manager laptop by typing a path and a file name for the report in the _To File_ field, or clicking TO FILE and then BROWSE to specify the path and file name.

      If you do not save the report in this way, it will be automatically saved to your laptop_s Windows desktop when you finish the commissioning. 
 

13)  Click FINISH. The BTS Commissioning Report is saved to the location you have `specified or automatically to your laptop_s Windows desktop. 

14)  If the site was newly created at the BSC, it remains in the _locked_ state after commissioning. If the site is locked at the BSC, the TRXs remain in the _Waiting for system information_ state. The TRX objects in the Supervision - Equipment View window have the _Waiting for system information_ symbol (see the _Waiting for system information_ symbol Figure). You can also check the operational states of the TRXs by moving the mouse pointer over a TRX in the Supervision - Equipment View window, clicking the right mouse button and selecting the TRX PROPERTIES command. Request a _site unlock_, including TRXs, from the BSC or NMS. After the _site unlock_, the BCF is reset automatically and all units enter the _supervisory_ state (the LEDs are green).

15)  Exit Nokia BTS Manager from FILE _ EXIT on the main menu bar.

16) Disconnect the BTS Manager PC from the LMP port of the Nokia MetroSite EDGE Base Station. Refit the BTS cover, as described in the document, Nokia MetroSite EDGE Base Station Installation.

      The commissioning parameters are stored in the flash memory of the master TRX (TRX 1). The master TRX creates backup copies of these parameters in the slave TRXs_ flash memory. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Traffic Manager 

      Traffic Manager is a graphical user interface tool for allocating BTS transmission capacity, irrespective of which Nokia MetroSite transmission unit is used. With Traffic Manager, you can define the line interface (Port 1, for example) and the incoming time-slot allocation on the Abis according to your transmission plan. The Opening window for Traffic Manager, an unallocated BTS Figure shows an unallocated BTS. 

      With an FXC transmission unit, the cross-connections to this BTS are created automatically after the capacity has been set and approved. The capacity to be used is defined by selecting its signal type (TCHs, TRXSIG,OMUSIG, TRXSIG on TCHs or OMUSIG/TRXSIG) and by reserving required time slots and bits. The signal types are explained in more detail in the Signa types Section. 

Allocating transmission capacity
      Transmission allocation capacity and dynamic Abis are both allocated from the Traffic Manager window.

Allocate Abis transmission capacity as follows:
1)  Select the line interface used (Port 1 - Port 16, depending on the transmission unit). With an FC E1/T1 transmission card, the only possible option is Port 1.

2)  Click the TCHs button and then click in a cell in the _ Abis TS Allocation for this BTS_ table to allocate time-slots. Repeat this step to allocate transmission capacity to all TRXs in the BTS. See the Allocating transmission capacity to TRXs Figure for an example of allocating transmission capacity to a TRX. 

3) 

Alternative 1.
Click the TRXSIG button and then click the first bit in a time-slot in the Abis allocation table. Select the link speed from the pop-up menu. Repeat for all TRXs in the BTS configuration. Click the OMUSIG button and then click a cell in the Abis allocation table. Select the link speed from the pop- up menu. The Example of a completed allocation in Traffic Manager
      Figure shows an example of a completed allocation. 

Alternative 2.
Click the TRXSIG on TCHs button and then click the first bit in a time-slot you reserved for TCHs in Step 2. Select the link speed from the pop-up menu. Repeat for all TRXs in the BTS configuration. Click the OMUSIG button and then click a cell in the Abis allocation table. Select the link speed from the pop-up menu. 

Alternative 3.

Click the OMUSIG/TRXSIG1 button and then click the first bit in the TCHs allocation for TRX 1. Select the link speed from the pop-up menu. Click the TRXSIG or TRXSIG on TCHs button and allocate TRXSIG capacity for the other TRXs in the BTS configuration.

4)  If EDGE transmission is not required, proceed directly to the Completing the transmission allocations Section to complete the Abis transmission allocation. For EDGE transmission, proceed to the Allocating for EDGE dynamic Abis transmission Section to allocate EDGE TRXs to the dynamic Abis pool. For chained BTS transmission allocation, proceed to the Allocating transmission capacity for chaining Section. 

Allocating transmission capacity for chaining 

      The chaining feature is available for BTSs which have been loaded with CX 3.0 software or later. Two or three Nokia MetroSite EDGE BTSs can be chained together as one BCF object. For example, a chain of two BTSs might contain five TRXs, as seen in the example of BTS Manager_s window in the Supervision - Equipment View window when two MetroSite EDGE BTSs are chained as one BCF object Figure. The transmission capacity can be allocated between the TRXs in the chained BTSs, as described in the procedure below. BTS Manager is connected to the master BTS in the chain. 

1).  Select the line interface used (Port 1 - Port 16, depending on the transmission unit). An FXC type transmission unit is required for chaining.

2)  Click the TCHs button and then click in a cell in the _ Abis TS Allocation for this BTS_ table to allocate time-slots to a TRX. Repeat this step to allocate transmission capacity to all TRXs in the BTS chain (up to 12 TRXs are possible in a chained configuration). In the example shown in Figure Example of traffic allocation for five TRXs in a two BTS chain Figure, there are five TRXs in two BTS cabinets. TRXs 1, 2, and 3 are in the first BTS and TRXs 5 and 6 are in the second BTS in the chain.

      From here onwards, you can choose one of three alternative ways to proceed. 

Alternative 1.

Click the TRXSIG button and then click the first bit in a time-slot in the Abis allocation table. Select the link speed from the pop-up menu. Repeat for all TRXs in the BTS configuration. Click the OMUSIG button and then click a cell in the Abis allocation table. Select the link speed from the pop-up menu. 
 
 
 

Alternative 2.
Click the TRXSIG on TCHs button and then click the first bit in a time-slot you reserved for TCHs in Step 2. Select the link speed from the pop-up menu. Repeat for all TRXs in the BTS configuration. Click the OMUSIG button and then click a cell in the Abis allocation table. Select the link speed from the pop-up menu.

Alternative 3.
Click the OMUSIG/TRXSIG1 button and then click the first bit in the TCHs allocation for TRX.

       1. Select the link speed from the pop-up menu. 

2. Click the TRXSIG or TRXSIG on TCHs button and allocate TRXSIG capacity for the other TRXs in the BTS configuration.

3. If EDGE transmission is not required, proceed directly to the Completing the transmission allocations Section to complete the Abis transmission allocation. For EDGE transmission, proceed to the Allocating for EDGE dynamic Abis transmission Section to allocate EDGE TRXs to the dynamic Abis pool (EDAP). 

Allocating for EDGE dynamic Abis transmission
      Dynamic Abis uses the EGPRS dynamic Abis pool (EDAP) to efficiently allocate transmission resources for the higher EDGE data rates. EDAP resources are shared between EDGE TRXs in a single BTS, chained BTSs, or cross-connected BTSs. The available TRXs are allocated in Traffic Manager from the EDAP command. 

Allocate TRXs to the EDAP as follows:
1. Select the incoming line interface port according to the transmission unit used and then click the EDAP button.

2. Select the start time-slot by clicking with the mouse. Drag the mouse to the end time-slot and release. The EDAP Properties dialogue box is opened

      (see the Starting EDAP time-slot selection Figure). 
 
 

3. In EDAP Properties, select the available TRXs from the list and move them to the _TRXs in this EDAP_ list by clicking on the <<< button. See Figure . 
 

4. If the EDAP is to be shared with other BTSs in a cross-connection, select the outgoing interface port in the _Outgoing interfaces for this EDAP_ box. See the Selecting the interface for EDAP allocation in a cross-connected BTS configuration Figure for an example of this part of the EDAP Properties window (this only appears if cross-connections are being used). For more information on cross-connections, see the Cross-connections Chapter of this document. 

5. Click OK to return to the main Traffic Manager window. The Example of the traffic allocation with EDAP for EDGE transmission Figure shows the resulting traffic allocation for this example. 
 

6. To complete the allocation, proceed to the Completing the transmission allocations Section. 

Completing the transmission allocations
Set the transmission allocation in the BTS as follows:
1. Check that the signal timing is correctly set (either _Normal_ or _Satellite_). At this point you can click the EXPORT button to export the Abis time-slot allocation information to a file for future maintenance purposes.

      2. Click the OK button to send the information to the BTS. 

Signal types 

OMUSIG
The BTS can have one OMUSIG which allocates 2, 4, or 8 bits in one time slot depending on the link speed used (16, 32, or 64 Kbit/s). If a combined OMUSIG/ TRXSIG1 is used, the allocation of the OMUSIG is disabled. 

OMUSIG/TRXSIG1
The BTS can have one combined OMUSIG/TRXSIG1 which allocates 2, 4, or 8 bits in one time-slot depending on the link speed used (16, 32, or 64 Kbit/s). When a compressed Abis time-slot allocation is used, the OMUSIG/TRXSIG1 can be located in radio time-slots 1 - 4 (starting from bit 1), which means that it overlaps the TCHs which are reserved for TRX 1. 

TCHs
The BTS must be allocated at least as many TCHs as there are TRXs installed in it (1 - 4). Each TCH allocates two contiguous time slots (16 bits) for a single TRX, each of which is marked with the TRX number. The TCHs are numbered from 1 to 4 in the order they are defined. 

TRXSIG
The BTS must be allocated at least as many TRXSIGs as there are TRXs installed in it (1 - 4). Each TRXSIG can allocate 2, 4, or 8 bits in one time slot depending on the link speed used (16, 32, or 64 Kbit/s). The TRXSIGs are numbered from 1 to 4 in the order they are entered. 

TRXSIG on TCHs
The TRXSIG can be reserved on a traffic channel (TCH) but then up to four radio time-slots (8 bits) are lost. The signal type allocation must always start from the first bit of the time-slot. 
 
 
 

Nokia UltraSite EDGE Base Station 
 
 
 
 
 
 
 
 
 

1 Transceiver unit    (TSxx)

2 2-way Receiver Multicoupler unit 

3 Transceiver Baseband unit (BB2x)

4 Base Operations and Interfaces unit (BOIx)

5 Transmission unit (VXxx)

6 Wideband Combiner unit (WCxx)

7 Dual Variable Gain Duplex Filter unit (DVxx)

8 DC/DC Power Supply unit (PWSB)

9 6-way Receiver Multicoupler unit (M6xx)

12 Bias Tee unit (BPxx)

13 Dual Band Diplex Filter unit (DU2A)

 

 

      Nokia Ultrasite is designed to make the macro cellular network expansion and upgrade feasible. Not only has Nokia Ultrasite BTS a high TRX count per cabinet but the cabinets on site can also be chained together. Further, flexible antenna combining stages allow building various configurations. 

      The Nokia Ultrasite BTS cabinet accommodates upto 12 TRXs. This makes the Nokia Ultrasite BTS an efficient solution for building capacity in mobile networks in the areas of heavy telecommunication traffic. With the BTS’s high output power and receiver sensitivity, large coverage can be achieved in rural areas when building the network.

      Chaining Nokia Ultra site BTS can increase capacity. Upto nine Ultrasite BTS can be chained together. Base-band Frequency Hopping is not possible between the chained cabinets i.e. they must have separate hopping groups. Base-band Frequency Hopping with TRXs in a single-cabinet sector is supported.

      Nokia Ultrasite BTS can also be used in cases where the expansion of existing Talk Family site is needed. Nokia Ultrasite can be placed side by side and integrated into a Talk Family Site as an upgrade cabinet.

      Ultrasite BTS offers a platform for GSM multimedia services. HSCSD and GPRS services are supported with the existing hardware. EDGE support can be easily accomplished with minimum hardware changes. Only the EDGE TRX and Base band Units need to be installed; all the other units remain as they are. BTS SW release in use must support EDGE functionality. Basic GSM and EDGE TRXs can coexist in the same cabinet and cell. WCDMA carriers can as well be added into Nokia Ultrasite BTSs. They can operate simultaneously with the basic GSM and EDGE TRXs. The use of WCDMA equipment reduces the maximum number of GSM and EDGE TRXs to six in one cabinet.

      The Nokia Ultrasite BTS has four slots reserved for the integrated transmission units. The BTS can even be used as a transmission hub in the BSS network. 
 
 
 

Base Operations and Interfaces (BOIx) unit 

      The BOIx unit handles the control functions common to all other units in the BTS.

These functions include:

• BTS initialisation and self-testing

• configuration

• O&M signalling

• software download

• main clock functions

• timing functions

• collection and management of external and internal alarms

• message delivery to the BSC (through the VXxx unit)

• cabinet control 
 
 

      The BSC or Nokia BTS Manager downloads software to the FLASH memory of the BOIx unit. (During download, an LED on the BOIx unit indicates the status of the board.) The BOIx unit downloads BTS software  and configuration data to other BTS units.

      The BOIx unit collects alarms from other active units and saves configuration information into non-volatile memory. The BOIx unit also controls the uplink and downlink cross-connection between the Transceiver Baseband unit (BB2x) and the Transceiver (TSxx) unit. The BOIx unit detects unit alarms and performs recovery actions. In certain situations, the BOIx unit resets itself.

      The BOIx unit generates an accurate reference clock signal for the TSxx unit, BB2x unit, and Remote Tune Combiner (RTxx) unit. The BTS can synchronize its frame clock and number with another Nokia Talk family BTS unit (with Talk as the clock master) or to another Nokia UltraSite EDGE BTS unit.

      The mechanics of the BOIx unit provide EMI/EMC shielding for internal electrical components.

The following features are available with the BOIx unit:

• self-testing to detect possible defects

• Local Management Port (LMP), an interface for the user to communicate with the main processor and control the BTS through the Nokia BTS Manager

• BTS software download, either from the BSC (through the Abis interface) or from Nokia BTS Manager

• one tri-color LED that is controlled by the main processor and indicates the current status of the BOIx unit

• high-accuracy reference clock for timing generation; clock can be adjusted

according to the Abis reference 

Transceiver Baseband (BB2) unit 

      The BB2x unit is a digital signal processing board, consisting of two independent baseband modules; each module functions independently for its own TSxx unit. The BB2x also controls frequency hopping. 

The BB2x unit of the Nokia UltraSite EDGE BTS has the following main

functions:

• performs digital signal processing for speech and data channels

• manages signalling for speech functions

• uses software downloaded from the Base Operations and Interfaces (BOIx)

unit

• sets its timing according to references from the BOIx unit

• supports synthesized (RF) and baseband (BB) frequency hopping 
 
 
 

Dual Variable Gain Duplex Filter (DVxx) unit 
 

      The DVxx unit performs duplex operation of TX and RX signals into a common antenna and provides filtering and amplification for main and diversity receiver signals before they go through the M2xx or M6xx unit to the TSxx unit. The DVxx unit contains a variable-gain LNA for optimal amplification of the receive signal, with or without the optional Masthead Amplifier (MHA). The high-gain LNA is fixed, and is used without the optional MNxx unit. The low gain LNA is variable, and is used only with the MNxx unit; the low-gain LNA is set according to antenna cable attenuation values. 

RF properties
This section describes the following RF properties of the DVxx unit:

• operating frequency range

• insertion loss

• gain (high and low)

• isolation

• return loss

• RF input power 
 

Receiver Multicoupler (M2xx and M6xx) unit
      The M2xx and M6xx units distribute RX signals to Tax units. The 2-way unit (M2xx) is used in most WCxx or combining by-pass configurations. The 6-way unit (M6xx) is always used with the RTxx unit. One unit performs signal splitting for both main and diversity branches. 
 

M2xx 

The M2xx unit divides the RX signals into two outputs for the RX path and two outputs for the DRX path. These outputs can feed the receivers of two TSxx units. 

The M2xx unit provides the following outputs:

• two RX (RX 1 and RX 2)

• two DRX (DRX 1 and DRX 2) 
 
 

Power Supply (PWSx) unit 

      The PWSx unit converts input AC or DC voltage to the different required DC voltages for the various BTS units. It then distributes the appropriate voltages through the backplanes to the units — except for the optional Heater unit (HETA), which receives its voltage from the AC mains through the power filter module. The PWSx unit also supplies power for the Masthead Amplifier unit (MNxx). The Nokia UltraSite EDGE BTS can hold two AC Power Supply units (PWSA) or three DC Power Supply units (PWSB). The PWSA supports full redundancy for as many as six TSxx units. The PWSB supports full redundancy for as many as 12 TSxx units. 
 
 

Transceiver (TSxx) unit 

      The TSxx unit consists of one transmitter, one main receiver, and one diversity receiver. The TSxx unit performs RFmodulation/demodulation and amplification for one RF carrier. The TSxx unit handles uplink signals from the Mobile Station (MS) to the BTS and downlink signals from the BTS to the MS.  
 
 
 
 
 
 

Main modules 

The TSxx unit consists of the following modules:

1. • Transceiver (TRX)
2. • Frequency Hopping Synthesizer (FHS)
3. • Power Amplifier (PA)
4. • Power Supply (PSU)
 
 

1. TRX module
      The TRX module provides the main RF functions for the Nokia UltraSite EDGE

BTS. The TRX module has the following functional sections:

• Interface

• Transmitter (TX)

• Receiver (RX)

• TRX loop 

      These functional sections communicate with the Transceiver Baseband (BB2x) and Base Operations and Interfaces (BOIx) units through the RFU backplane, which is connected to the common backplane. The functional sections process the following signals:

• Data signals between the TSxx and BB2x units

• Initialization and control signals from the BB2x unit to the TSxx unit

• Status and alarm signals from the TSxx unit to the BB2x unit

      The TX and RX sections each have one Application Specific Integrated Circuit (ASIC). The TX ASIC incorporates Direct Digital Synthesis (DDS), generating a Gaussian Minimum Shift Keying (GMSK) signal for the TX. 

Interface 

      The Interface converts the baseband (BB) data stream to GMSK modulation for the TX. It also converts the analogue RX frequency signal from the main and diversity branches to the data stream. The Interface controls all synthesizers and the TRX loop. It also handles clock distribution from the BB2x unit and alarm functions. 

Transmitter (TX) 

      The intermediate frequency (IF) sections in the TX raise the signal to the carrier frequency. Thereafter, the RF section amplifies the signal to the desired output signal amplitude. The RF section also handles the signal power control. The TSxx unit supports 16 power levels with 2 dB steps, with a maximum range of 30 dB. Power levels from 0 to 6 are static; power levels from 7 to 15 are dynamic. 

Receiver (RX) 

      The RF section of the RX converts the carrier frequency signal to the IF frequency. The IF sections of the RX perform channel filtering and prevent interfering frequencies from distorting the signal. The IF sections also provide automatic gain control. 
 
 
 

TRX loop 

      The TRX loop supports the self-testing of the TSxx unit. The tests are carried out by converting the frequency of the TX signal to the RX band. The signal is coupled from the TX output, and the resulting low-level signal is routed back through the RX path. The signal can be routed to the main branch or to the diversity branch. 

2. Frequency Hopping Synthesizer module 

      The Frequency Hopping Synthesizer (FHS) module employs two FHSs — RX FHS and TX FHS—for RF frequency hopping. The RX FHS serves as the first local oscillator in the receiver. The TX FHS serves as the second local oscillator in the transmitter.

Both the RX FHS and the TX FHS have two Phased Locked Loop (PLL) circuits. Each circuit contains a PLL, an amplification chain, and a switching network. The output buffer is common for both circuits. Each circuit has a voltage-supply regulator. Both FHSs work according to the Ping-Pong principle: The output frequency is taken alternately from the two PLLs. 

3. Power Amplifier module 

      The Power Amplifier (PA) module receives a GMSK-modulated signal from the TRX module and amplifies that signal to the appropriate level.

4. Power Supply module 

      The Power Supply (PSU) module consists of a commercial DC/DC converter, input and output filters, and connectors. The PSU module converts the 48 VDC  supply voltage to the 26.0 VDC required by the PA module. 
 
 
 

Transmission (VXxx) unit 

      The VXxx unit connects more than one Nokia UltraSite EDGE BTS to the rest of the network.

VXxx units are available for the following mediums:

• radio

• wire line

• fiber optic 

Radio-link transmission 

The FXC RRI unit is the radio-link transmission unit for the Nokia UltraSite EDGE BTS. The FXC RRI supports the following:

• two Flexbus connections (coaxial cable), each at 16 x 2 Mbit/s

• grooming

• branching

• loop protection

• cross-connection on 8 kbit/s level

Flexbus connects FXC RRI transmission units to Nokia FlexiHopper Microwave Radio or Nokia MetroHopper Radio. Multiple BTS cabinets located at the same site can also be connected together using a Flexbus between FXC RRI units in each cabinet. The FXC RRI transmission unit operates as a repeater and interconnects the Nokia UltraSite EDGE BTS and BSC using point-to-point, chain, star, or loop 

Fiber-optic transmission 

The following units are used for fiber-optic transmission in the Nokia UltraSite EDGE BTS:

FXC STM-1: two standard STM-1 (155 Mbit/s) short-haul, optical interfaces and power feed for two Nokia UltraHopper radios. Performs the main SDH functions, including the SDH node clock, SDH cross-connect (VC-3, VC-2, VC-12 level), and management functions 

• FXC Bridge: Bridge for the signals between the SDH part and the PDH cross-connect of the FXC units. Includes Q1 management and cross connection on 8 kbit/s, 16 kbit/s, 32 kbit/s, 64 kbit/s, and n x 64 kbit/s level The FXC STM-1 and FXC Bridge transmission units are always used together; each unit occupies one transmission slot. The FXC STM-1 unit can be connected to any SDH equipment through the standard STM-1 optical interfaces. The FXC STM-1 and FXC Bridge transmission units operate as a repeater/branching point and interconnect the Nokia UltraSite EDGE BTS and BSC using point-to-point, chain, star, or loop network configurations.. 

Wire-line transmission 

The following wire-line transmission units are available for the Nokia UltraSite EDGE BTS:

•

FC E1/T1:  1 x 2 Mbit/s (E1) or 1 x 1.5 Mbit/s (T1) PCM connection, one coaxial 75-ohm TX and one coaxial 75-ohm RX connector for E1 use, one twisted pair 120-/100-ohm TX/RX interface connector for either E1 or T1 use 

FXC E1:  4 x 2 Mbit/s (E1) PCM connections, four coaxial 75-ohm TX and four coaxial 75-ohm RX connectors for E1 use, grooming, branching, and loop protection support, cross-connection down to 8 kbit/s level 

FXC E1/T1:  4 x 2 Mbit/s (E1) or 4 x 1.5 Mbit/s (T1) PCM connections, four twisted pair 120-/100-ohm TX/RX interface connectors for either E1 or T1 use, grooming, branching, and loop protection support, cross-connection down to 8 kbit/s level. Interfaces can be configured independently either E1 or T1 mode The FC E1/T1 transmission unit operates as the termination point in a point-to point, star, or chain topology network. The FXC E1 and FXC E1/T1 transmission units operate as branching points and interconnect the Nokia UltraSite EDGE BTS cabinets and BSC using point-to-point, chain, star, or loop network configurations. 
 
 
 

Wideband Combiner (WCxx) unit 

      The WCxx unit combines two transmitter outputs into one. When using the WCxx, the DVxx unit is required. 
 
 
 
 
 

Uplink and downlink signalling 

In the uplink path, the BTS receives signals from the MS; in the downlink path, the BTS sends signals to the MS. Uplink and downlink signals travel through the Air interface on different frequencies, the higher frequency carrying downlink signals. 

Uplink path 

The antenna picks up a signal from the MS through the Air interface. The antenna passes the signal to the optional Masthead Amplifier (MNxx) and Bias Tee (BPxx) units or to the optional Dual Band Diplex Filter (DU2A) unit. The signal then goes through either the Dual Variable Gain Duplex Filter (DVxx) unit or the Remote Tune Combiner (RTxx) unit to the Receiver Multicoupler (M2xx and M6xx) and TSxx units. The Transceiver module (TRX) on the TSxx unit converts the received signal to Intermediate Frequency (IF) levels and filters the signal. The TSxx then sends the signal to the Transceiver Baseband (BB2x) unit for digital signal processing. The BB2x sends the processed signal to the Transmission (VXxx) unit, which passes the signal through the Abis interface to the BSC. 

Downlink path 

The BSC receives a signal from the network and sends the signal to the VXxx unit through the Abis interface. The VXxx passes the signal to the BB2x unit for digital signal processing. The BB2x sends the processed signal to the TSxx unit. The TRX module on the TSxx unit filters the signal, raises it to the carrier frequency, and amplifies it. The TSxx then sends the signal either to the RTxx unit or through the optional Wideband Combiner unit (WCxx) to the DVxx unit. The DVxx or RTxx unit sends the signal through either the optional DU2A unit or the BPxx and MNxx units to the antenna, which passes the signal through the Air interface to the MS. 
 

Related software 

The following Nokia software applications relate to the Nokia UltraSite EDGE BTS:

• NMS and BSC software

• Nokia SiteWizard

• BTS software 

NMS and BSC software 

      Nokia NMS/2000 software in the Network Management System (NMS) manages the entire GSM network, including the Nokia UltraSite EDGE BTS, through the BSC. This remote software minimizes the need for on-site BTS management. Nokia NMS/2000 software incorporates a full range of functions — from fault, performance, and configuration management to transmission, trouble, and security management. 

Nokia SiteWizard 

      Nokia SiteWizard is a collection of software for managing the Nokia UltraSite EDGE BTS on site. The applications run under Windows NT 4.0, Windows 95, or Windows 98. 

Nokia SiteWizard consists of the following applications:

• Nokia BTS Manager for managing Nokia UltraSite EDGE base stations

• Nokia E1/T1 Manager for FC E1/T1, FXC E1, and FXC E1/T1 transmission units

• Nokia RRI Manager for FXC RRI transmission units

• Nokia Hopper Manager for Nokia MetroHopper and FlexiHopper Radio

• Nokia UltraSite BTS Hub Manager for the hub part of the UltraSite EDGE BTS

• Nokia BTS HW Configuration for configuring the UltraSite EDGE BTS cabinet 

The commissioning procedure in Nokia SiteWizard consists of the following tasks:

• starting Nokia BTS HW Configuration for defining the BTS cabinet configuration

• starting Nokia UltraSite BTS Hub Manager for commissioning the FXC transmission units in the hub part of the BTS

• starting Nokia BTS Manager for commissioning the BTS (and FC transmission unit) 
 
 

      Figure Nokia BTS Manager Window 
 

BTS software 

      The Nokia UltraSite EDGE BTS software includes an auto-detection feature that automatically identifies the active BTS hardware. This feature saves time in commissioning by reducing the number of required system data entries. Nokia BTS Manager displays this information. The Nokia UltraSite EDGE BTS software features an advanced BTS diagnostics system that considerably reduces the number of alarms. This system makes alarm information easily accessible and understandable. The Nokia UltraSite EDGE BTS can store two software packages in its memory. Software is loaded either locally with Nokia BTS Manager or remotely from the BSC or the NMS (through the BSC). The operator can download the Nokia UltraSite EDGE BTS software as a background operation (without interrupting the BTS operation) and can activate the new software at any time. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Nokia UltraSite EDGE Support Commissioning
PROCEDURE  FOR COMMISSIOING OF  ULTRA BTS SITE
 

HARDWARE REQUIREMENTS:   LAPTOP . 
SOFTWARE REQUIREMENTS: BTS MANAGER 2.2./2.0, ULTRA BTS HUB MANAGAER, HARDWARE DATABASE MANAGARE 

PROCEDURES:  
1)  Connect the laptop with the BTS ( at the BOIP terminal, D9 PIN) 
 

2)  Open the BTS Manager and go to Windows ULTRA BTS HUB MANAGER
3)  Commission the RRI unit by clicking the Commission Wizard
4)  Click the next button , give the site name, in synchronization give the clock as RX1  and to     for second option  select   Internal, 

5) Specify the CRC and the Platform interface to be used ( the thumb rule is PIF 1 in use) this is    done in LIF settings 
6)  Click next button to open Traffic Manager and click the time slots required for TCH and Signaling  on the selected chart and click OK 

7)  Specify the power and the frequency for the particular hop according to the Path Analysis

8) Enable the Abis ( Software )

9) Close the Ultra Bts Hub Manager window 
 

10) The BTS Manager automatically pop up , go to Windows BTS HARDWARE DATABASE MANAGER
11) Create a database according to the change note specified( 2+2+2)

12) Send the database to the BTS by option SEND To BTS
13) The other way of doing is by commission wizard 

BSC 
 

      The Nokia GSM /EDGE Base Station Controller (BSC3i) is a modern fault tolerant system for GSM networks. Nokia BSC3i is based on modular software and hardware architecture. The distributed architecture of Nokia BSC3i is implemented with a high-capacity and redundant multiprocessor system - the DX 200 Computing Platform. The system enables the distribution of processing capacity to several computer units with dedicated tasks. The DX 200 Computing Platform Product Family covers a wide application area in GSM/EDGE mobile networks and fixed telephone networks. The DX 200 Computing Platform product family contains products for digital mobile applications, such as Base Station Controller (BSC), Transcoder Submultiplexer (TCSM2), Mobile Switching Centre (MSC), Home Location Register (HLR) and 2G Serving GPRS Support Node (SGSN), and also contains fixed network applications. 

      The main function of BSC3i is to control and manage the Base Station Subsystem (BSS) and the radio channels. Based on long experience in cellular networks, BSC3i is designed for efficient use of radio resources and is easy to operate and maintain. The Nokia BSC is a stable, mature and highly reliable product. One major feature of BSC3i is its field-proven multi vendor functionality. Together with the functionally distributed modular architecture of the DX 200 Computing Platform and the latest commercially available industry standard hardware components, the BSC3i is easily expandable and cost-efficient and has high capacity.

      The BSC3i is designed with a modular structure enabling a distributed processing architecture. This quality, combined with the wide range of both standard and optional features available, makes it readily adaptable to the needs each individual operator, as it allows for capacity dimensioning according to individual need. External costs resulting from surplus capacity are avoided, and the operator can choose a selection of features and services tailored to meet the demands of his customers. When additional capacity or new facilities are needed, the exchange can easily be expanded by adding new hardware and/or software modules to the existing configuration.

      The modular structure also allows for a compact design, which makes the exchange easy to install and helps to maintain efficient power consumption. Furthermore, it enables the use of sophisticated back-up techniques ensuring extremely high reliability and availability, with minimum downtime even during system expansions and service operations. 
 

DX 200 system architecture and BSC3i block diagram 

      Like the previous generations of DX 200 products, the Nokia GSM/EDGE BSC3i network element is designed with a modular software and hardware structure, which enables a distributed processing architecture. The distribution of processes is achieved by using a multi-processor system, in which the functions of the exchange are divided among several functional entities, called functional units. Each functional unit has a separate task group to handle. For example, the Switch Matrix has been organized as a separate unit, Group Switch (GSWB) and it is controlled by another unit, called the Marker and Cellular Management Unit (MCMU). The key operation and maintenance functions are performed by the Operation and Maintenance Unit (OMU), the external PCM lines are interfaced by the Exchange Terminals (ETs), and so on. Each functional unit has its own, separate hardware and software; most of them are equipped with a dedicated Pentium computer. These units are referred to as computer units and they are interconnected by the fast Message Bus, which again is organized as a functional unit of its own. Presented in the figure below is the block diagram of the exchange, which also shows the interfaces between the functional units and those, connecting the system to the environment.  
 
 
 

Functionality of the BSC3i 

      The BSC3i can be located flexibly in the GSM network. It can be installed as stand-alone, on the same site as the Base Transceiver Station (BTS) it controls, or at a remote location, which can be either co-located or non-co-located with the MSC. The most common solution is to locate the BSC remotely from the MSC near the BTSs it controls and install the TransCoder SubMultiplexer (TCSM) at the MSC site. Submultiplexing can then be used between the BSC and TCSM to reduce transmission costs. 
 
 

Management of terrestrial channels 

· indication of blocking on the A interface channels between the BSC and the MSC

· allocation of traffic channels between the BSC and the BTSs

· pool support for A interface circuits

· concept support for flexible channel assignments, for example, half rate and high speed circuit switched data

 

Management of radio channels 

· Management of channel configurations, that is, how many traffic channels and signaling channels can be used in the BSS. This is done in connection with radio network configuration.

· Management of traffic channels (TCH) and stand-alone dedicated control channels (SDCCH). This function can be subdivided into the following tasks:

· resource management

· channel allocation

· link supervision

· channel release

· power control

· Management of broadcast control channels (BCCH) and common control channels (CCCH). This function can be subdivided into the following tasks:

· channel management

· random access

· access grant

· paging

· Management of PCCCH/PBCCH for (E)GRPS

· Management of frequency hopping:

· The BSC is in charge of frequency hopping management which enables effective use of radio resources and enhanced voice quality for a GSM subscriber.

· Handovers

· The frequency of the mobile is changed in connection with handovers which are executed and controlled by the BSC. Such a handover can be one of the following three types:

· intra-BSC, intra-cell (both intra-TRX and inter-TRX), which means that the handover takes place within the area controlled by the BSC and the mobile stays in the same cell

· intra-BSC, inter-cell, which means that the mobile stays in the area of the BSC but moves from one cell to another

· inter-BSC, both outgoing and incoming, which means that the mobile moves into the area of another BSC

 

Management of signalling channels between the BSC and the BTSs 

      The BSC supervises all 16, 32 or 64 kbit/s permanent point-to-point LAPD signalling connections, consisting of one connection per Transceiver Unit (TRX) and BTS Operation and Maintenance Unit (OMU). 

Maintenance 

The BSC offers the possibility for the following maintenance procedures:

· fault localization for the BSC

· reconfiguration of the BSC

· reconfiguration support to the BTS

· updating of the software in the BSC, TCSM2 and BTS

 

Operation 

During normal operation, the BSC3i offers various possibilities for the operator:

· modification of the parameters of the BSC and the BTS

· modification of the radio network parameters

· configuration of the BSC hardware

· administration of the BSC equipment

 

Circuit Switched Data Services 

The BSC supports the following bearer services, including both transparent and non transparent data services

· Data Circuit Duplex (300-9600 kbit/s) Transparent/Non transparent

· High Speed Circuit Switched Data

· 14.4 kbits/s Data Traffic Channel

· Telefax Automatic Group 3, Transparent

· Short Message Service Functionality

 

Full Rate/Half Rate/EFR
      The BSC supports Full Rate traffic channels, Half Rate traffic channels, and Enhanced Full Rate traffic channels. 

Adaptive Multi Rate Codec
      Adaptive Multi Rate Codec (AMR) introduces a new set of codecs and adaptive algorithm for codec changes and thus can provide significantly better speech quality and more capacity on the air interface. With AMR we can achieve very good speech quality in full rate (FR) mode even in low C/I conditions or increase the speech capacity by using the half rate (HR) mode and still maintain the quality level of current FR calls. Optimal interworking with power control and handover algorithms together with enhanced quality measurements (FER Measurement feature) will provide full benefits and interworking with prior Nokia top-of-the-world capacity features including Intelligent Frequency Hopping (IFH). The Adaptive Multi Rate (AMR) codec consists of a family of codecs (source and channel codecs with different trade-off bit-rates) operating in the GSM FR and HR channels. The idea behind the AMR codec concept is that it is capable of adapting its operation optimally according to the prevailing channel conditions. 

Architecture of the BSC3i 

      The Nokia BSC3i is based on a modular software (SW) and hardware (HW) structure. Because there are exact specifications for the interfaces between different modules, new functions can easily be added without changing the architecture of the system. Thus, the BSC3i can have a long operational lifespan and still always have up-to-date features.

   The distributed architecture of the BSC3i is implemented by a multiprocessor system. In a multiprocessor system the data processing capacity is divided among several computer units, each of which has a microcomputer of its own. Call handling capacity depends on the number of Call Control Computer Units. The capacity of the BSC can easily be increased by adding more Call Control 
 

Bit Group Switch
 

· The Bit Group Switch conveys the traffic passing through the BSC and switches the tones to the subscribers of the exchange and to the trunk circuits. The Bit Group Switch also establishes the needed connections to the signaling units and the internal data transmission channels, and is responsible for the sub multiplexing functions of the BSC.

· The operation of the Bit Group Switch is controlled and supervised by the Marker and Cellular Management Unit (MCMU). 

· The MCMU performs all necessary connecting and releasing functions.

· The Bit Group Switch switches on 8, 16, 32, and 64 kbits/ level.

· The Bit Group Switch Cartridge, SW1C, consists of power supply (PSC1) and two or three SW64B plug-in units, which all have 32 4 Mbit/s interfaces. The capacity of the GSWB is 128 or 192 PCMs.

 

Marker and Cellular Management Unit (MCMU) 

· The Marker and Cellular Management Unit (MCMU) controls and supervises the Bit       Group Switch and performs the hunting, connecting and releasing of the switching network circuits. The range of the tasks it handles makes up a combination of general marker functions and radio resource management functions.

· The MCMU performs the control functions of a switching matrix and the BSC-specific

      Management functions of the radio resources.

· The marker functions of the MCMU control the Bit Group Switch. These control functions include the connection and the release of the circuits of the switching matrix. 

· The cellular management functions of the MCMU are responsible for cells and radio 

Channels that are controlled by the BSC. This responsibility is centralized in the MCMU.        The MCMU reserves and keeps track of the radio resources requested by the MSC and the Handover procedures of the BSC. The MCMU also manages the configuration of the cellular Network.

· The cellular management functions of the MCMU do not require any specific hardware in addition to the standard DX 200 microcomputer and a Message Bus Interface Unit (MBIF).

 

BSC Signaling Unit (BCSU) 

· The BSC Signaling Unit (BCSU) performs those BSC functions that consist of three parts, which correspond to the A, Abis & Gb interface. 

· The Abis interface part of the BCSU controls the Radio interface channels associated with transceivers (TRXs) and Abis signaling channels. Every speech circuit on the Abis interface is mapped one-to-one to a GSM-specific speech/data channel on the Radio interface. The handover and power control algorithms reside in this functional unit.

· One BCSU can handle traffic in a maximum of 64 TRXs in BSC2i & 110 in TRXs BSC3i. 

· So total Capacity of BSC is 512 TRXs (8+1 BCSUs) and 660 TRXs (6+1 BCSUs)

· The Packet Control Unit (PCU) performs all the data processing tasks that are related to the GPRS traffic. 

· It implements both the Gb and RLC/MAC interfaces in the BSC. The state-of-the-art 

· The main functions are GPRS traffic radio resource management, e.g. connection establishment and management, resource allocation, scheduling, data transfer, MS uplink power control, Gb load sharing (uplink) and flow control (downlink). PCUs must be configured to every BCSU installed, but only the activated ones are to be used.

 
 
 
 
 

Operation and Maintenance Unit (OMU) 

· The Operation and Maintenance Unit (OMU) is an interface between the BSC and a higher-       level network management system and/or the user. 

· The OMU is also used for local operations and maintenance. The OMU receives fault        indications from the BSC. 

· In the event of a fault, the OMU automatically activates appropriate recovery and diagnostics procedures within the BSC. Recovery can also be activated by the MCMU if the OMU is lost.

· The tasks of the Operation and Maintenance Unit (OMU) can be divided into four groups:

            - Traffic control functions

            - Maintenance functions

            - System configuration administration functions

            - System management functions 

Exchange Terminal (ET) 

· The ET performs the electrical synchronization and adaptation of external PCM lines. 

· Inserts the alarm bits in the outgoing direction and produces PCM frame structure. 

· All 2,048 Mbit/s (in the ETSI environment) .The MSC and the BTSs are connected to the Exchange Terminals. The Exchange Terminals adapt the external PCM circuits to the       GSWB and synchronize to the system clock.

· Each ET is connected to the switching network and the Clock Unit of the DX 200 BSC via permanent, wired connections. The ETs are also connected to the LAPD interface via a LAPD link. Two types of connectors, symmetrical and coaxial (75/120 SL), are available for the ETs

· In the incoming direction, the ET decodes the 2,048 Mbit/s (ETSI) of a circuit into data       signals. The decoder decodes the line code (HDB3 in the ETSI environment, B8ZS or AMI in the ANSI environment) into binary form.

· In the outgoing direction, the ET2 receives a binary PCM signal from the switching network and generates the PCM frame structure. The resulting signal is converted into a line code (HDB3 in the ETSI environment, B8ZS or AMI in the ANSI environment) and transmitted further onto the 2,048 Mbit/s (ETSI) or 1,544 Mbit/s (ANSI) circuit.

 
 
 

Clock and Synchronization Unit (CLS) 

· The Clock and Synchronization Unit (CLS) distributes timing reference signals to the       functional units of the DX 200 BSC. 

· It can operate plesiochronously or synchronously with the timing references it receives      from the digital PCM trunks.

· Three PCM (4 In BSC3i) reference inputs with priority order are provided for the timing       reference signals. The oscillator of the CLS is normally synchronized to an external       source, usually an MSC, through a PCM line. 

· When the system consists of two racks, the timing reference signals are buffered for the extension rack by a duplicated Clock and Alarm Buffer (CLAB) plug-in unit.

 
 
 

Message Bus (MB) 

· A duplicated high-speed Message Bus (MB) is used for data transfer between the OMU and the Call Control Computers of the DX 200 BSC 

· The length of each message is determined individually by a message length parameter at the beginning of the message. 

· The sender and the receiver of the message are indicated in the address field of the message. The receiver can be a single microcomputer, or it can be a group of microcomputers specified by the broadcast address.

· The hardware of the Message Bus consists of several parallel twisted pairs, which carry the actual data and also control the information required for the message transfer.

· In the event of a failure, the hot standby Message Bus takes over the functions of the active bus without interfering with the ongoing calls.

 
 
 
 
 

Storage devices: 

Disk units 

· The DX 200 BSC has a duplicated system disk unit  (Winchester) and 3.5" disk drive.

· The system disk units contain the operative software as well as fallback software of the BSC and BTS software including the BTS HW database. 

· Traffic measurements are also stored on the system disks. All the disk drives are connected to the OMU, which controls the system disk units.

· In BSC3i all the Drive units are installed in OMU cartridge

DAT
 

· The DAT is a recommended solution for software backups and for other additional disk storage, because it has high capacity and is easy to use.

· In the BSC, the DAT is used for loading software locally to the BSC and also as a software backup medium.

 
 
 
 
 
 
 
 
 
 
 
 

Switching devices (DN2 and METROHUB) 

      Transmitted signal is always sent in both directions but the received signal must be  chosen from only one direction.

      Loop master (DN2 or Metrohub) sends pilot bits on the basis of which the switching decision is made. Each individually protected slave station needs one pilot bit. 

Loop principle for Synchronization : 

      Network synchronization must also be ensured in a loop network and it follows the loop principle in a similar way.

      Synchronization switching takes place independently from the pilot bits by having a master clock bit (MCB) and a loop control bit (LCB). 

Protecting payload traffic 

      For example, protecting a 2 Mbit/s link requires one bit out of the 2 Mbit/s stream to be reserved for this purpose. Similarly, if the traffic is protected at a partial 2 Mbit/s level, for example, because two different base transceiver stations share one 2 Mbit/s line, one pilot bit is required for each slave station.

      The state of a pilot bit is set to 0 (zero) at the sending station, which sends identical digital streams (payload and the pilot bit protecting it) in directions 1 and 2 in the loop.

      Any failure in the connection between the sending station and the intended destination causes the pilot bit to change from zero to one (based on AIS). The target station, receiving a "one" instead of a "zero" then knows that the connection is faulty.

      The pilot bit is sent at the loop master MetroHub site for all the slave stations as zero with "Uni-directional fixed data" 
 
 

Types of switching in Loop protection : 

Equal Switching: 
The connection returns to the initial route as soon as the problem on that link is solved.

Priority Switching:
The system stays on the chosen link until it gets faulty

      The equal switching provides better stability for the connection, and it is therefore the recommended choice for a BSS network. 

Protecting network synchronization 

      One bit for detecting if the incoming signal is synchronized by the original network synchronization master or not (master clock bit, MCB)

      One bit for detecting any breaks or loop-backs in the synchronization chain (Loop Control Bit, LCB).The loop master sets the MCB and LCB to "0" (zero) state in both directions.

 Any station using a certain received signal for synchronization sends the LCB back as "1" (see the figure), and so the counterpart knows that the synchronization of the incoming stream is inherited in such a way that it must not be used for synchronization to avoid a loop-back or otherwise faulty synchronization. 

      The same applies to all slaves to make sure the synchronization remains intact. Similarly, faulty transmission replaces MCB and LCB with "1” and affected stations know they are not receiving a valid source  signal from that direction. 
 
 
 
 
 

Node master-slave detection 

      A synchronization priority list is always defined first, then the MCB and LCB. The system recognizes if the MCB and LCB are in the Synchronization list and that makes MetroHub a slave. 

      If the MCB and LCB bits are not in the list, the node is a master. This detection is automatic.  

Channel mapping 

      Information about the loop protection and the synchronization(masking bit and LCB,MCB) for individual BTS is carried in the 31st time slot in Metro Hub and in 1st time slot in DN2.So,that reserved bit in particular time slot(1st or 31st) of every E1 is free after DN2 or Metrohub.

      To have remote log in to the metrohub or DN2, we require one Q1 channel to be linked to the OMC or other terminals. So, instead of drawing a separate E1 for this one port from CU (Control Unit) card is linked with the port and that port is logically mapped onto the E1, whose 31st or 1st time slot is free. 
 
 
 
 
 
 
 
 
 
 
 

DN2(DYNAMIC NODE 2):
      The DN 2 is digital node equipment belonging to the Nokia DYNACARD family of equipments. It consists of the following units:

• a control unit (CU)

• 1 to 2 (2 to 4) bus power units (BPU or EBPU)

• 0 to 17 DYNACARD channel units

• 1 to 20 interface units (IU2)

      The equipment can incorporate up to forty 2 Mbit/s interfaces located on the IU2s (two interfaces on each IU2). The synchronization interface is on the CU. 
 
 
 

CU(Control Unit): 

      It is the central unit for whole DN2.It can be said as the controller of whole DN2 and contains the memory for working of whole DN2.It co provides the interface to the BSC. It functions as BOI card in Ultra BTS and DIU in Metro Hub. 

BPU(Base Power Unit):  

      It is same as power card in BTS. It generates the required power output necessary for different units in DN2, which is connected through D-Bus in back Bone. 

IU(Interface Unit): 

      It is the interface unit ,which really provides the interface with the E1s.Each card has two ports. One E1from BSC is connected to the input of DN2 and two outputs is generated by DN2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

METO HUB
                

       Metro hub is a switching device which is developed by NOKIA as a solution for mobile networks. It provides a cost effective means of full filling the quality and capacity expectations of network operators.  

The most important thing about it is Unique transmission platform 

       With Nokia MetroHub, a network can be created in  a fraction of the time previously needed. Nokia MetroHub is unique because it allows the operator 'to install' the cross-connection and media change functionality where it is needed. This maximizes the trunking efficiency with less equipment. Because MetroHub is so flexible, and can be part of any number of network configurations, site maintenance is easy. As a direct consequence of this network

reliability and availability are increased. 

The other important thing is Quality through traffic protection 

      MetroHub provides the network with fast and automatic traffic protection . It offers cost-effective protection for radio and wireline connections. MetroHub is designed for Abis applications, and traffic protection switching takes place within a fraction of a second, which allows phone conversations to stay alive during switching. Loop topology allows you to maximize transmission network availability and also to secure the transmission capability. This can, for instance, be helpful when using radios in rainy weather. MetroHub also provides power section redundancy and battery back-up functionality as options for added security. 

1. Power Supply Card:

2. FXC RRI Card

3. FAN Unit

4. Interface Unit

5. Battery Unit

 
 
 
 
 
 
 

Power Supply Card: 

      It is same as power card in BTS. It generates the required power output necessary for different units in DN2,which is connected through D-Bus in back Bone. 
 
 
 

FXC RRI Card : 

      It is same as FXC RRI card in BTS. And the Flex bus coming from the radio is connected with the port of Card. And the input E1s from BSC is also connected to the port of card. 

FAN Unit: 

      Fan Unit is provided for the internal cooling of the system .It changes the speed according to the temperature. 

Interface Unit : 

      It is same as the CU card in DN2.And it is the central memory as well as controller part of Metro Hub. 

Battery Unit : 

      Battery unit is used in case of supply failure. But as we are generally –providing the external battery back up, we are not using it now-a-days. 

Transmission network protection using loop topology 

      Loop Protection is considered the most efficient way to protect traffic in a transmission network such as a GSM base station subsystem. In a live telecommunications network it is important to secure, in addition to the actual payload traffic, the network synchronization and the centralized network management during any period of abnormal circumstances. 

For these reasons, Loop Protection protects

· payload traffic.

· network synchronization.

· network management connections.

 

A transmission loop formed with Nokia elements consists of one loop master and several loop slaves. Usually the loop master is a transmission node whereas the loop slaves can be either transmission nodes, BTSs or a combination of both inside one loop.

      The loop principle is that the transmitted signal is always sent in both directions but the received signal must be chosen from only one direction. The loop master sends pilot bits on the basis of which the switching decision is made. Each individually protected slave station needs one pilot bit.

      Network synchronization must also be ensured in a loop network and it follows the loop principle in a similar way. The synchronization switching takes place independently from the pilot bits by having a master clock bit (MCB) and a loop control bit (LCB).

      Each network element decides individually from which direction the signal and the synchronization will be received, and so it does not require any external or additional supervision for its decision.

      Nokia's way of implementing loop protection is ultimately secure, providing very fast route switching that recovers the transmission connections instantly. loop protection is embedded and thus very fast. Loop protection protects against failures, such as cable-cut, equipment failure, heavy rain and multipath fading, and against obstacles in the line-of-sight, such as cranes and growing trees. 

Protecting payload traffic 

      A pilot bit is a special bit with a preset value (zero), sent among the protected traffic in a known position.

      For example, protecting a 2 Mbit/s link requires one bit out of the 2 Mbit/s stream to be reserved for this purpose. Similarly, if the traffic is protected at a partial 2 Mbit/s level, for example, because two different base transceiver stations share one 2 Mbit/s line, one pilot bit is required for each slave station.

      The location of the pilot bit is defined in the network plan, and it is often within one of the last time slots of the 2 Mbit/s frame. In principle, the location can be selected freely, but a harmonized practice in the network may be advisable for easy site commissioning and network documentation. 
 
 
 

      The state of a pilot bit is set to 0 (zero) at the sending station, which sends identical digital streams (payload and the pilot bit protecting it) in directions 1 and 2 in the loop.

      Any failure in the connection between the sending station and the intended destination causes the pilot bit to change from zero to one (based on AIS). The target station, receiving a "one" instead of a "zero" then knows that the connection is faulty. 
 
 
 
 
 
 

Masking pilot bits 

      The principle of masking in the loop network is to use the logical "AND" operation with "0", when the result is always "0", and masking with "1" when the output is the same as the input signal (either unchanged "0" or "1"). In the example in the following figure, pilot bits are sent to four slave nodes in the loop. The view is from a cross-connection termination point setting.

      In loop slave sites, each node must forward the pilot bits from other slave stations unchanged and send its own pilot bit as zero in both loop directions. This is done with "Bi-directional Masked" type of cross-connection. The following figure presents the pilot bit masking of the second slave node (bit 2) and other pilot bits forwarding in the loop. The view is from a cross-connection termination point setting. 
 
 

      Pilot bit sent from a loop master.            

      Nokia Loop Protection can be configured either as equal switching or priority switching. The difference between these is that in the priority switching the connection returns to the initial route as soon as the problem on that link is solved, whereas with the equal switching the system stays on the chosen link until it gets faulty. The equal switching provides better stability for the connection, and it is therefore the recommended choice for a BSS network. 

Protecting network synchronization 

      The implementation mechanism for an automatic detection and recovery of missing or looped network synchronization is based on loop network clock control bits carried within the protected 2 Mbit/s stream: " one bit for detecting if the incoming signal is synchronized by the original network synchronization master or not (master clock bit, MCB), and  one bit for detecting any breaks or loop backs in the synchronization chain Loop Control Bit, LCB). 

      The loop master sets the MCB and LCB to "0" (zero) state in both directions. Any station using a certain received signal for synchronization sends the LCB back as 1" , and so the counterpart knows that the synchronization of the incoming stream s inherited in such a way that it must not be used for synchronization to avoid a  loop back or otherwise faulty synchronization. The same applies to all slaves to make sure the synchronization remains intact. 

Site applications 
 
 
 
 
 
 

      Traffic bypassing is the solution needed when the total cross-connection bus capacity of the unit interface is exceeded. The figure above illustrates such an application. Two Nokia FlexiHopper radios are connected to one FXC RRI. The incoming capacity of the first radio is 16x2Mbit/s. Only 6 x 2 Mbit/s is routed t the 8k cross-connection field and the remaining capacity (here 10 x 2 Mbit/s) will be bypassed via the 2M cross-connection field to the second radio. The payload traffic is split up between several wireless, for example, Nokia MetroHopper, and wireline connections. 
 
 
 
 

Nokia MetroHub Manager 

Nokia MetroHub Manager is used when:

· commissioning the node, the units inside the node or the radio outdoor units if installed,

· providing a local or, through Nokia Q1 NMS, a remote management connection to Nokia MetroHub equipment,

· creating, editing and deleting cross-connections,

· monitoring the alarm status of the node and units,

· viewing and changing the settings of the units,

· downloading and activating software in the units,

 

   Nokia MetroHub Manager connects to Nokia MetroHub through the local management port of the node or accesses the node remotely through an embedded Nokia Q1 bus. Nokia MetroHub is a Nokia Q1-managed piece of equipment. Nokia MetroHub Manager is very flexible in that it can be used both online and offline. Working offline, an engineer can create the node settings while at the office, store them in a file and download to the node once on-site. When the node is managed online, the settings are read, modified and stored in real time. 
 

Commissioning Nokia MetroHub 

Preparing for commissioning
      Commissioning is the process of bringing a newly installed network element into use. It configures the system for operational use and defines all the system parameters needed for the system to function. 

Before you start
      Check that the hardware and software that you are about to commission is compatible. 

Summary
      Nokia node managers provide a Commissioning Wizard that guides the user through the whole commissioning process. The commissioning process is divided into two phases: testing and configuration.

      The easiest way to commission a node is to use the Commissioning Wizard. In order to use the Commissioning Wizard one needs a configuration file containing a valid configuration. There are two kinds of configuration files: site configuration files (SCF), with the extension .xml, and node offline files, with the extension .nod or .dat. Of these, MetroHub supports creating files in the .xml and .nod formats. Site configuration files (with the extension .xml) are usually provided by network transmission planning. In case a site configuration file cannot be obtained from transmission network planning, it is possible to use a node offline file to commission Nokia MetroHub or UltraSite BTS Hub with the Commissioning Wizard. No matter what format the configuration file is in, the file has to contain a valid configuration. 

Steps : 

1.  Check that the node has been installed correctly, following the instructions in Overview of installing Nokia MetroHub.

2.  Check that the node manager has been installed in your PC. 
3.  If network transmission planning has provided you with a site configuration file

Then Edit the SCF offline by adding the settings needed for commissioning. If the installation includes a Nokia FlexiHopper or Nokia FlexiHopper Plus radio.

4.  If you do not have a site configuration file provided by network transmission planning.

5.  Check that a valid site configuration file exists on the PC hard disk.

6.  Check that you have the cable to connect the PC to the LMP port of the node before moving to the site to commission the node locally Further information

7.  Commission the node with the Commissioning Wizard 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Loop implementation in the network 

      Loop topology is used for protective purpose in the network. This is justified as any link breaks, the network runs from other direction. For this switching purpose we require some equipments and they are Dynamic node2 (DN2) and metrohub as explained earlier. DN2 or metrohub is used as switching devices in the loop. DN2 or metrohub act as a loop master in the loop topology. In the figure general idea about how the various sites (BTS) are configuring in the loop is shown.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 

BTS 1
BTS 2
BTS 3
METROHUB / DN2
BTS 5
BTS 4
       BSC
H
L
H
H
H
H
L
L
L
L
L
H 
 

      Here, H indicates high frequency band and L indicates the low. It is necessary to maintain this type of arrangement alternately in loop to avoid interference. The radio indicated by H transmits the high frequency and receives the low frequency. Where the radio indicated by L transmits low frequency and receives the low frequency. So in the above figure the signal transmitted by H radio of BTS1 can only received by L radio of BTS2 and not at all interfere to BTS3 that has H radio.

      Polarization is one of parameters to avoid interference. Same band Radio on the same site uses the different polarization (vertical or horizontal).

      To protect from interference in microwave transmission, other parameters can be configured in the radio (ODU). The parameters are like interleaving, scrambling etc. These are software control parameter. These parameters can be changed in software. Software is updated for improving and including new functionality in old hardware.

               
 
 

    BTS
BTS
LOOP 
 
 

      Above figure shows the situation when the new site is included in the network. Figure shows that new site is added to the existing loop network. New BTS is protected by loop principal. Accordingly, New BTS has given E1 from both the sides. So, any break in the loop will not affect the new added BTS. 
 
 
 
 
 
 

DN2 loop 

Below figure shows the loop implementation using DN2.  
 

       For example DN2 has given four E1s using IDU as shown in the figure. These four E1s are duplicated in DN2 and  two IDUs  get the same duplicated E1s. so, here we have four E1s loop can be implemented. E1s  are further transmitted to the BTS via media.  

       In DN2, it is required to physically patch each and every E1. This is the major disadvantage of DN2. where metrohub has logical connection that makes metrohub more convenient.

      Maximum capacity of DN2 with expansion is 40 IU cards. That limits its capacity. 
 
 
 
 

Metrohub loop 
 
 

      Above figure shows the loop using metrohub as a switching device. The loop principal is same as DN2. Metrohub duplicates the number of E1s. Metrohub uses FXC RRI card that can drop or bypass the E1s logically.  

       Suppose we require to implement a loop consisting of seven sites. So we require seven E1s to run each site. We drop these E1s from one IDU and send it to metrohub. Metrohub will duplicate the number of E1s to fourteen and these are again patched to second IDU. From here we send the E1s through microwave radio and finally implement a loop. 

      Now it’s the time to route the E1s by making the logical cross connections as shown in the figure. 
 
 

      Here, FB1 is direction 1 and FB2 is direction 2 at a particular site. 2M interface shows the IDU connected at that site. As shown in the figure we drop two dedicated E1 from two directions for one BTS. Rest of E1s is bypassed in direction 1 and 2 respectively. This procedure is put on at all sites and finally a loop is implemented. 
 
 
 
 
 
 
 

Problem solving 

Interference from from CDMA band  
 

      As seen from the figure there is slight overlap between CDMA and our GSM band. This can sometimes lead to serious problems.

      This causes interference which is more pronounced in Intratalk site. This is due to the fact that filter used in these sites do not have much sharp cutoff as compared to ultrasites. Moreover, the CDMA BTS nearby can magnify the problem.

      So, to overcome this problem we added a sharp cutoff filter to the Intratalk BTS. 

Swapping of Sectors 

      According to the defined standard, the first sector should be in clockwise direction to the north and rest sectors should follow further in clockwise direction. During the survey a strange problem was encountered. It was noticed with net monitor that there was swapping second and third sector.

This could lead to many problems which are not easily noticeable. 

· Increase in interference level

· Handoff problems- This is because in the database the adjacency defined will be wrong due to swapping and so handoff sometimes will not be properly matured.

· Call drops

· To sum, Degradation of quality.

 
 

Loop implementation problem 

      Loop implementation project was going on. One to one channel cross connections were created and stored as inactive bank. Then these banks were activated one by one at each site. As there was ET allocation done from one direction, due to change in the bank there was wrong ET allocated to a particular site from other direction. But before activation of bank the site was running well from the other direction. After activating bank the site should run from first direction. But in spite of that it remained synchronized to second direction which was infact the wrong ET. So site was down. Just to verify the problem, second direction ET dropping was removed from BTS top for fraction of second and site was up. This was because, it synchronized back to direction one as bi-directional protection was provided. 

Customer complain 

      There was an application through which the customer’s complain was made accessible to us according to priority: high, low or normal. We were suppose to meet the customer, analyze the complains, and finally had to browse for definite solution. 

   The only tool we had was netmonitor. We were suppose to note the indoor and outdoor rxlevel, rx quality, timing advance information, channel which is serving etc. Generally, there is no problem uptil signal of level –90 dbm or greater than it. Customers have various kinds of problems.

· Voice breaking.

· Echo problems

· Weak or no signals

· Call drop.

The only solution to some problems are installation of new site or repeater. Sometimes handsets of the customers are even faulty. 
 

Netmonitor 

      It is an important tool for a network engineer. It is an analogy to compass for navigator. Netmonitor is like an eye through which an engineer can see the network.

Functions of netmonitor
 

· CH- it is the channel no. for BCCH Trx when no calls are on. Otherwise it is the channel no. of Trx on which the call is on. When call is on hopping Trx it also shows the channel no.s on which trx is hopping.

· RxL- Receive level in dBm.

· TxPwr- Transmit power.

· TS- it is the time slot no. on which the call is on. Range is 0-7.

· TA- It is the timing advance information. It is actually the round trip delay from which we can calculate the distance of the synchronized BTS.

· RQ- It is the receive quality. Ideal value should be 0.

· CHT- Type of current channel.        

   Here the first row shows the serving cell information rest all are neighboring cell information. 

· MCC is mobile country code.  

· MNC is mobile network code.

· LAC is location area code in decimal.

· CH is serving cell channel number.

· CID cell identifier in decimal format.

Site Audit 

   This was the official one week project allocated to trainees by Hutch. We were suppose to survey 54 sites within Baroda city. It required the following types of surveys. 

· GSM antenna type(Andrew, ADC, Katherine)

· Azimuth- we were provided magnetic compass for this survey.

· Mechanical and electrical tilt of GSM antenna- we were provided digital inclinometer for it.

· GSM antenna feeder length.

· Configuration of site e.g. 4+4+4(no. of Trx in three sectors).

· Height of Tower or pole.

 

Alarm monitoring 

      We were provided with an application named citrix which was instrumental in seeing what actually was wrong in our network. It made possible to continuously monitor different sites.

It provides the facility for monitoring different kinds of alarms.

· Module fail

· Rectifier line fault

· Pre alarm for low battery

· AC power supply failure

· Alarm indication signal- When there is any problem in a site rest of the site in chain or loop will receive AIS.

· Loss of signal-Whenever there is problem in radio link or other problem its immediate successive site will receive LOS.

· TRX faulty or blocked

· Difference in RX level of main and diversity antenna

· Shelter temperature high

· Shelter door open

There are many other alarms other than these-minor, major or critical. 
 
 
 

Conclusion 
 

          
            During the period of training we came to know about the practical aspects of implementation and maintenance of GSM network that sound our knowledge in telecom. TELECOM is one of the disciplines filled with challenges and prospect. Indeed, having entered this splendid world, we are greedier for the new.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX 

Terms 

· Abis interface : interface between a BTS and BSC or between two BTS.
· Air interface : interface between BTS and mobile station.
· Alarm :  indication of abnormal functioning of the system, a unit failure , or  degradation of service level or reliability
· Base Control Function (BCF) :A functional entity which handles common control  functions, for example, operation and maintenance functions within a BTS, and all common functions of the BTSs at a sectored BTS site. In the NMS user interface, the BCF represents a BTS site.
· Base Station Controller (BSC) : A network element in the Public Land Mobile
· Base Transceiver Station (BTS) : A sector of the BTS site and a logical group of
· Commissioning : tasks performed to enable BTS to connect to the network. Includes operational testing and configuring transmission equipment.
· D-bus : bus use for traffic communication between transmission unit and BB2X units (D1 bus) and for internal O&M communication with the BOIx , BB2x
· ET (Exchange Terminal) : A DX 200 unit which performs the electrical synchronisation and adaptation of external 2 Mbit/s interfaces.
· FC E1/T1 : Wire line transmission unit in a Nokia MetroSite BTS.
· FC RRI : Microwave transmission unit in a Nokia MetroSite BTS.
· Flex bus : bidirectional coaxial cable that carries up to 16 x 2 Mbps signals and power between transmission equipment , such as ODU(outdoor unit) & IDU  (indoor unit).
· FXC E1/T1 Symm, FXC E1 Asymm : Wire line transmission unit in a Nokia MetroSite BTS or Nokia MetroHub.
· FXC RRI : Microwave transmission unit in a Nokia MetroSite BTS or Nokia MetroHub.
· Integration : test calls and other tasks performed to ensure that BTS  is functional in  cellular network.
· Macrocellular : application that covers large area with cell a radius of  1 to 10 Kms.
· Microcellular : application that covers large area with cell a radius of  100 meters to 1 Kms.
· Microwave radio : radio equipment for establishing and aligned and fix ed radio connection between two points.
· NE :Network Element
· Network (PLMN) that is used for controlling one or more BTS(s).
· Nokia flexihopper : nokia family of flexbus-compatible microwave radios for the 13,15,18,23,26 and 38 GHz. 
· Nokia NMS : Nokia’s Network Management System. In the context of this document refers to the NMS/2000.
· OMUSIG : Operation and Maintenance Unit Signalling. Used between a BSC and a BTS.
· PCM : Pulse Code Modulation. In the NMS/2000 managed object hierarchy, the 2M child objects of a BSC.
· PCM time slot : 2Mbps PCM circuit is divided into thirty-two 64 Kbps time slots.
· Plesiochronous Digital Hierarchy (PDH) : A transmission technique in which the timing relationship of the corresponding significant instants of a signal varies between specified limits, that is, they occur at nominally the same rate.
· Q1 address synchronization : Operation carried out by the Update Configuration
· Q1 bus : bus use for local transmission management and for extending management to external equipment.  
· Q1 interface : The interface used in the Nokia Network Management System between the Q1 polling master and the Q1-managed slave. The service channel between the BTS and the transmission equipment can be regarded as a Q1 interface.
· service request in the BTS Access Monitoring and Reporting feature.
· Synchronous Digital Hierarchy (SDH) : A transmission technique in which there are specified limits to the timing relationship of the corresponding significant instants of a signal.
· Transceiver (TRX) : A combination of transmitting and receiving equipment in a BTS.
· TRU : Transmission unit in a Nokia Talk-family and Nokia PrimeSite BTS. There are different versions of TRU for different site types.
ABBREVIATIONS
	8-PSK
	Eight Phase Shift Keying (modulation)

	AIS
	Alarm indicating signal

	AMR 
	Adaptive Multi Rate Codec

	BCCH
	BroadCast CHannel

	BER
	Bit Error Rate

	BSC
	Base Station Controller

	BSS
	Base Station Subsystem

	BTS
	Base Transceiver Station

	BOIx
	Base Operations and Interfaces unit 

	C/I 
	Carrier To Interference Ratio

	DL
	Down Link (connection from BTS to MS)

	DMR 
	Nokia’s Digital Multiplexing Radio

	E1
	European digital transmission format standard 2.048 Mbps 

	EDGE
	Enhance Data rates for Global Evolution

	EFR
	Enhanced Full Rate

	ET
	Exchange terminal

	FACCH
	Fast Associated Control CHannel

	FH
	Frequency Hopping

	FR
	Full Rate

	GMSK
	Gaussian Minimum Shift Keying (modulation)

	HO
	Handover

	HR
	Half Rate

	HSN
	Hopping Sequence Number

	LAPD 
	Link Access Procedure for D-channels

	LMP
	Local management port

	LOS 
	Loss of  signal

	M2XA
	Two way receiver multicoupler unit

	MS
	Mobile Station

	MSC
	Mobile Switching Centre

	NMS
	Network Management System

	NMS
	Network Management System

	OMU
	Operation and Maintainace Unit

	RF
	Radio Frequency

	RRI
	Radio Relay Interface

	RX
	Receiving 

	SDCCH
	Stand-alone Dedicated Control Channel

	TCH
	Traffic CHannel

	TCSM
	TransCoder and SubMuliplexing 

	TRAU
	Transcoder and Rate Adaptor Unit

	TRE 
	Transmission Equipment

	TRX
	Transceiver

	TS
	Timeslot

	TX
	Transmitting

	UL
	Up Link (connection from MS to BTS)

	VXxx
	Transmission unit

	WCGA
	Wide band combiner unit
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