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AIS tests functionality related to the mobility of subscribers. > Intuitive ... By keeping the radio signals shielded in cables, external ... (Fast Ethernet). BS. BS. BS. 
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AIS | Main Characteristics AIS tests functionality related to the mobility of subscribers  Intuitive, real-life-like GUI  Multi-user operation  Broadband, bi-directional operation (0.4 – 6 GHz)  Individually controlled radio paths (1 attenuator for each MS-BS link)  Wide selection of system sizes (2 MS x 2 BS, 2x4/4x2, 2x6/6x2, 4x4, 6x6, 4x8/8x4, 8x8, 4x16/16x4 etc.)  Supports fast fading simulation (8 µs setting time)  By keeping the radio signals shielded in cables, external networks are not disturbed  Integration with automated LTS tests provided Elexo | 20 rue de Billancourt | 92100 Boulogne-Billancourt – 01 41 22 10 00 - http://www.elexo.fr



AIS | Architecture GSM(-R)/GPRS, EDGE, DECT, TETRA UMTS, WiFi, WiMax...



Test Plant Network (Fast Ethernet)
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AIS | Attenuator Hardware Compact 2x2, 1U height



Compact 4x2, 1U height



Single 4x4, 4U height



Double 4x4, 4U height
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AIS | Attenuator Hardware Example: 6x6 with 6 additional BS monitor outputs



(This units have no internal CPU and therefore require an external control PC) Elexo | 20 rue de Billancourt | 92100 Boulogne-Billancourt – 01 41 22 10 00 - http://www.elexo.fr



AIS | Configurations 8 Mobile Groups



AIS 4x4 Conf.



User Terminals



AIS 4x4 Conf.



AIS 4x4 Conf.



AIS 4x4 Conf.



8 BTS/Node-Bs (e.g. 4 GSM BTS + 4 UMTS Node-B sectors)
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AIS | Scenery GUI Illustrative GUI for • placing BTSs and mobiles, • specifying routes and speeds, • specifying areas for random motion, • specifying areas of low signal (tunnel ...), • specifying areas with fast fading, • monitoring attenuation graphically
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AIS | Table File GUI Import of CSV data files (time-stamped attenuation per link MSBS)



• generation of arbitrary signal profiles • replay of prerecorded drive tests • 1 ms time resolution
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AIS | Fast Fading Simulation Simulation of fast fading due to multipath reception • Line of sight to Base Station (suburb): Rician Fading • No line of sight to Base Station (downtown):Rayleigh Fading • Nestable, faded areas in AIS scenery with user-defined fading model



K=0 (no LOS)



-10 dB



K=3 (weak LOS-signal) K=15 (strong LOS-signal) -10 dB



-15 dB



-15 dB



-20 dB



-20 dB



-25 dB



-25 dB mean level due to path loss
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AIS | Fast Fading Benefits Benefits: • Test of mobile/Node-B power control • More realistic simulation:  Fluctuating signal like in the real world,  Mutual interference of mobiles due to power control enforced,  Cell breathing of Node-Bs enforced



• Cheaper than channel simulators • Many more parallel faded links than with channel simulators (all 64 links in 8x8 configuration well over 250 km/h at 2.1 GHz)
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AIS | Indoor Area Simulation Purpose: • Simulation of Indoor-Handovers, effects of walls



Definition of Indoor-Area: • Rectangular area • Wall Attenuation weakens signals going in/out • Indoor Reception Level constant between antennas and mobiles inside Indoor Area



Usage: • Reception of indoor picocell vs. outdoor cell • Overlapping areas with different picocells to simulate adjacent rooms
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AIS | 3D Antenna Patterns • Import of manufacturer-specific 3D antenna coverage patterns
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AIS | Multichannel



• Independent simulation of multiple channels (separate UL/DL fading, multiple sectors)
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AIS | More AIS Features • Resource usage and power levels in AIS GUI



• Administration GUI Elexo | 20 rue de Billancourt | 92100 Boulogne-Billancourt – 01 41 22 10 00 - http://www.elexo.fr



AIS | Topographic Simulation Fade prediction for real topographies • Based on topographic maps, accounting for hills, buildings, etc. • User can use AIRCOM or other network planning tools to define BS locations and properties • Signal strength of each BS is calculated by network planning tool • AIS can simulate routes through this scenery in real-time



Benefits • Assess impact of network layout on services using real terminals • Network testing ahead of expensive field installations
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AIS | Topographic Simulation Downtown simulation (CORLA)



Max. Field Strength Representation



Best Server Representation Elexo | 20 rue de Billancourt | 92100 Boulogne-Billancourt – 01 41 22 10 00 - http://www.elexo.fr



AIS | Control of Phase Shifters Control of Phase Shifters • Simulation of phase shift by multipath reception • Test of active antennas



Standard AIS (here: 2 MS x 1 BS) AIS Phase Shifter Arrays (1 per MS-BS-link)
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Example: φ =0 φ= 2/3πφ= 4/3π φ =2π φ
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Active Antenna



TRX TRX Elexo | 20 rue de Billancourt | 92100 Boulogne-Billancourt – 01 41 22 10 00 - http://www.elexo.fr
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AIS | Control of Phase Shifters GUI Implementation: • User defines antenna main beam direction and mobile positions / mobile route • AIS determines mobile directions relative to main beam. Constant updates if mobiles are moving • Phase shifter delays set by AIS accordingly in steps of 5 ps (up to 1100 ps) • Antenna must adjust its internal phase shifters to follow mobile motion
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AIS | Electronic Switch Matrix ... x16 ...



BS 1



BS 16



The Switch Matrix is a piece of hardware that can extend the number of cells connected to an AIS



control



Typical configuration: 16:4 selected BS's (Switch Matrix Ports)



AIS



Select up to 4 cells out of 16 and connects them through to an AIS with 4 BS connectors (other configurations available)



Mobiles



HF in control HF out



... x16 ...



Switch Matrix control is transparently integrated in AIS software:



• Static Cell Selection • Dynamic Cell Selection
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AIS | Electronic Switch Matrix | Static Cell Selection • User may drag any cells from the cell selection list onto



his scenery; these are connected through by the Switch Matrix.



• Therefore, the number of selectable cells is limited by the number of Switch Matrix output ports. When each port is occupied by one cell, all other cells turn grey in the cell selection list.



• Multi-user operation:



Every user works in his own scenery. Every user can use the cells selected by other users. Every user can select more cells, as long as there are still unused Switch Matrix ports. Users compete for cells.



Elexo | 20 rue de Billancourt | 92100 Boulogne-Billancourt – 01 41 22 10 00 - http://www.elexo.fr



AIS | Electronic Switch Matrix | Dynamic Cell Selection • Any number of connected cells can be added to a scenery • To any mobile i, a fixed number ni of Switch Matrix output ports is assigned for its exclusive use; the sum of all ni must not exceed the total number of outputs



• During the simulation, at any time, each mobile i will be connected to the ni strongest cells pertaining to its current location



• In multi user operation, users compete for the Switch Matrix ports



BTS BTS 11



BTS 1 not connected Mobile connected to through by Switch BTS 1 and 2. Matrix



BTS BTS 22



BTS BTS 33



BTS BTS 44



This This mobile mobile uses uses 22 other other ports; ports; connected connected to to BTS BTS 55 and and 66



BTS BTS 55



BTS 2 not connected Mobile connected to connected BTS 3 nottoconnected Mobile connected BTS 4 not through by Switch 4. through BTSMatrix 2 and 3. by Switch BTS 3 andthrough by Switch Matrix Matrix
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BTS BTS 66



AIS | More AIS Features 1) Switching between attenuation (dB) and power level (dBm) display • Based on through-attenuation measurement ("calibration") BTSMobile 2) System-wide display of BTS/mobile group usage by users 3) Exclusive reservation of cells • Users can block cells from usage by other users 5) New Administration GUI • Definition of user accounts, BTS/MG names & properties, calibration, pre-attenuation, assignment of channels to BTS inputs 6) External control interface • Listing, loading, running, repositioning of sceneries and table files
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