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Description of simulator for repeater scenario.

Infrastructure

Two operators have each 24 cells serviced from 8 sites situated as depicted in figure 1. 
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figure 1, Infrastructure scenario. Operator A (blue) uses repeaters (+ positions). Operator B (red) does not use repeaters. Black arrows show repeater antenna directions. Yellow shade indicate service antenna.

The distance closest between operator A base stations and operator B base stations is 288 m. Cell centre distances is 1 km for each operator.

Operator A uses one repeater per cell. Operator B uses no repeater. The repeaters are placed in the cell centre positions 577 m away from the donor base stations. The distance between the repeaters and operator B base stations is 288 m and 764m respectively. The interference between operators is investigated with different repeater settings with respect to adjacent channel rejection ratio.

Simulation

Preparation
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figure 2, Example of subscriber distribution used in a snapshot.

For each snapshot, 960 subscribers per operator (average 40 per cell) are randomly placed with even distribution in the infrastructure.

The coupling loss (CL) between all subscribers and all infrastructure elements is calculated. The CL model for this is the Macro cell propagation model as described in [1] MCL of 70 dB is applied. During the CL calculation, the subscribers are mirrored on all fringe areas and the minimum CL to each element is considered the actual, creating 100% wrap around.

The coupling loss between all repeaters and all base stations is calculated using the free space model.

The antenna models used are measured azimuth patterns for a 65 degree antenna (base station antenna and repeater service antenna) and for a 33 degree antenna (repeater donor antenna). The antenna gain is 16.6 dBi and 20 dBi respectively.

The repeater gain is set using a noise margin [2] (i.e related to the CL between donor BS and repeater donor port). Adjacent channel gain is calculated for the simulated ACRR.

The coupling loss from each UE via each repeater to each BS is calculated. (for both systems)

Connection

The lowest CL from each UE to any BS is considered the path of connection to the network.  If there is a path to another BS with a CL within the soft handover margin ,it is also added as a connection path.

The power control is regulated to overcome the coupling loss in the connected path and to meet the SIR target taking the local interference at each element position into concern.

The coupling loss for paths not representing connection is used to calculate interference.

Iterations

Interference is calculated separately for the following interference mechanisms:

Operator A UL:


· Noise rise (due to traffic in each cell)

· Own subscribers in other cells

· ACLR from B subscribers reaching the BS directly and via repeaters

· Signals from the B subscribers affecting the BS through the ACS (directly and via the repeater adjacent channel gain)

· The noise generated by the repeater (NF).

Operator A DL:


· Own cell interference (using orthogonality factor)

· Own interference from other cells

· Signals from B BS affecting the UE ACS (direct path and via repeaters adjacent channel gain)

· ACLR from B BS reaching the UE (direct path and via repeaters)

· BS B adjacent channel noise reaching the UE (direct path and via repeaters)

· Noise generated by the repeaters (NF)

Operator B UL:


· Noise rise (due to traffic in each cell)

· Own subscribers in other cells

· ACLR from A subscribers reaching the BS (directly and via repeaters adjacent channel gain)

· Signals from the A subscribers affecting the BS through the ACS (directly and via the repeaters)

· The noise generated by the repeaters (NF).

· The own UE signals amplified (and distorted) by the repeater adjacent channel gain

Operator B DL:


· Own cell interference (using orthogonality factor)

· Own interference from other cells

· Signals from A BS affecting the UE ACS (direct path and via repeaters)

· ACLR from A BS reaching the UE (direct path and via repeater adjacent channel gain)

· BS A adjacent channel noise reaching the UE (direct path and via repeater adjacent channel gain)

· Noise generated by the repeaters (NF)

· The own BS signals amplified (and distorted) by the rpeater adjacent channel gain)

(descriptions of the interference mechanisms are detailed in [3].)

The all interference mechanisms for each link are added to form the total interference used in the power control.

The output power and interference for each element is updated iteratively until the difference in all interference mechanisms for each element is less than the balance criterion between two consecutive iterations. During the iterations the following may happen:

· If a UE output power exceeds Pmax_UE , it is disconnected and the call dropped. 

· If a UE connection requires more BS power than max_DL_power_per_sub the UE is disconnected and the call dropped.

· If a BS power exceeds Pmax_BS, the UE requiring most power from that BS will be disconnected. If this UE is not in SHO the call will be dropped, otherwise the UE will be connected only to the other BS.

· If the repeater power exceeds Pmax_RepA in either UL or DL, the gain is reduced so that the repeater is not saturated. New coupling loss through the repeater is calculated and new connections are made to be used for the following iterations. The repeater gain is the same for UL and DL in each repeater. A saturated repeater increases its gain when possible due to the input power. (I.e. disconnection of UE may reduce the power allowing more gain.)

For each snapshot, up to nine repeater settings are run with the same UE distribution in order to compare direct performance differences.

The number of dropped calls in UL and DL, UE power, BS power UL interference , DL interference and number of UE in SHO for each repeater setting are saved after each snapshot.

After the number of snapshots is completed, the median values are taken for all snapshots of respective parameter.
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