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1. Introduction

This paper presents system simulations made for the compressed mode performance. The used tool is a dynamic system simulator employing realistic RRM algorithms and realistic modeling for the compressed mode.

Uplink noise rise is measured by setting different amount of users in the compressed mode and by varying error in power setting after the compressed mode gap.

As simulation results, change in the noise rise is obtained for different amount of compressed mode users and error in the power control.

2. Simulation model

2.1 System simulation model

The used tool is a dynamic system simulator with realistic RRM algorithms (handover, closed loop PC, outer loop PC, …). The number of users during simulation is static (calls are not generated from e.g. poisson process), so that the number of users remains constant during simulation. The selected number of users in the simulation is 300 users with data rate of 12 kbps and 100 % voice activity. 

The network constitutes of 3-sectorized base stations. Number of cells is 18. The simulated network layout is given in Figure 1. Realistic antennas are used with horizontal and vertical antenna patterns.

The simulated UE speed was 50 km/h. The used channel model is vehicular-A.

As a simulation result average noise rise is measured from sectors 9, 10 and 11 in the middle of the network
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Figure 1. The simulated cell layout

2.2 Compressed mode model

UEs enter to the compressed mode according Poisson process. Parameters for the poisson process are selected so that in average certain pre-defined fraction of users are in the compressed mode. When an UE enters to the compressed mode, both directions are in the compressed mode at the same time. UEs enter to the compressed mode at different times, so that their gaps may start at different time.

Compressed mode sequence lasts over 12 compressed frames. Gaps occur every third frame, when compressed mode sequence lasts over 360 ms. When entering to a gap transmission is switched off during part of the frame (slots 6 – 12). Length of this gap is equal to 7 slots. In this method, the data has to be sent during the remaining slots (slots 0 – 5 and 13 – 14) with halved processing gain. Since processing gain is halved, transmission power during active slots has to be increased by 3 dB.

When the gap is leaved TX power that was used before gap is restored. To ideal power level a log normal error with standard deviation (parameter) is set. Standard deviation values 0, 1, 3, 5 and 10 dB are tested.

3. Simulation results

Simulations were made by varying average number of compressed mode users (0, 10, 20 and 50 %) and error in power setting (0, 1, 3, 5 or 10 dB). By simulations increase in the noise rise is measured.

In Figure 2, average noise rise measured over the simulation in the sector 9, 10 and 11 is shown. If compressed mode is not used, the simulated noise rise is 3.4 dB (55 % of total theoretical capacity) with the selected load. If 10 % of users are in the compressed mode and power control is assumed error free noise rise increases to 3.9 dB (59 % of total capacity). The corresponding noise rise for 20 % and 50 % compressed mode load is 4.3 dB (63 % of total capacity) and 5.5 dB (72 % of total capacity), respectively.

If error is added to the power control, noise rise is not affected if error is less or equal to 3 dB. In the case where 10 % user are in the compressed mode, even 5 dB error is tolerated.

In Figure 3, the standard deviation of the noise rise is shown. If the compressed mode is not used, the standard deviation of noise rise is 1.7 dB. If 10 %, 20% and 50% of users are in the compressed mode and power control is assumed error free standard deviation is 2.0 dB, 2.2 dB and 3.0 dB, respectively. 

When error is added to the power control, standard deviation of noise rise is not affected if error is less or equal to 3 dB. For the case with 50 % of users in the compressed mode, standard deviation is lowerr for 10 dB error than for 5 dB error. This happens since many UEs are using their maximum or close to maximum powers when they are not able to adjust their powers 3 dB up or react to interference pulses caused by the compressed mode UEs. Then also noise rise fluctuation is smaller and standard deviation gets lower.
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Figure 2. Mean noise rise
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Figure 3. Standard deviation of noise rise

4. Conclusions

Simulations show that the error in power setting after the gap can be in range of 3 – 5 dB without noticeable capacity loss. Based on simulations it is proposed to have power control accuracy requirement after the compressed mode gap in between 3 and 5 dB.

