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Fast TBF Re-establishment Simulations
1. Introduction
Fast TBF re-establishment mechanism was introduced in the discussion paper in which we also studied other radio resource utilization improvements in relation to EMDA study in GERAN [1]. This document presents a further performance evaluation now also including the WWW model.
2. Simulation Assumptions and Cofiguration

Because we want to be able to compare the simulation results to the maximum extened, the system level simulator was configured with the same parameters as used during the previous study [1]. Also the same network configuration was used. The most important parameters are summarized below.
Network side enhancements used:

· waiting for resources if not available: 1s (DL)
· delayed REJECT if no resources (UL)
· delayed TBF release 2s (DL, UL)
· releasing of idle TBFs if resources are needed (DL, UL)
Two TBF establishment scenarios were simulated:

· norm – normal TBF establishment as per 3GPP TS 44.018

· FTR -
fast TBF re-estabslishment as per proposal in [1]
The load in the network was generated by IM and WWW model [2]. There was 6k WWW users in the network which generate DL offered load of 28.9 kbit/s/cell and UL offered load of 5.9 kbit/s/cell. The WWW model generated the same load in all simulations. It should be noted that this is a higher arrival rate than in the TR and it was chosen because the mean arrival rate of 5 sessions per hour and cell would not generate enough traffic to be noticeable in the simulations. The IM model varied through the simulation to generate three different load points in the network as follows
· 24k IM users in the network generate DL offered load 15.7 kbit/s/cell and UL 12.1 kbit/s/cell (0.44 sessions/s per cell)
· 26k IM users in the network generate DL offered load 17.0 kbit/s/cell and UL 13.1 kbit/s/cell (0.48 sessions/s per cell)
· 28k IM users in the network generate DL offered load 18.2 kbit/s/cell and UL 14.1 kbit/s/cell (0.52 sessions/s per cell)
All the simulations were performed with non-DRX timer of 8 seconds. One half of terminals in the simulations supported IPA, i.e. the same 50% penetration. Both parameters, non-DRX tiemer and IPA penetration, are the same as in the previous study [1].

3. Simulation Results

The obtained simulation results are shown on the following figures.

The inclusion of WWW model resulted in higher utilization of downlink PDCH resources. The utilization of DL PDCH is around 80% in all cases. The FTR mechanism shows the same saving of AGCH capacity as in the previous study. The AGCH load is reduced by 25% to 29% when FTR is used.
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Figure 1 - Channel Utilization
The RACH and ePRACH channel utilization is shown in Figure 2. The results are consistent with our previous findings. The fast TBF re-establishment mechanism reduces load on RACH by about 20%. In our previous simulation, the RACH utilization was reduced by 18% to 20%.
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Figure 2 - RACH and ePRACH Utilization
The observed TBF blocking was always below 0.006%. The observed value of IM session blocking was below 0.018%. It shall be noted that these values are so low that it would require unfeasibly long simulations to obtain statistical accurate results. The conclusion is that the network enhancements eliminate the TFB blocking and thus also IM session blocking. The same conclusion holds for the IM message loss which observed value varied between 0.02% and 0.15%.
The different load in the system had a very small impact on the IM message transmission delay and the packet call throughput. The values of the IM message transmission delay and the packet call throughput observed during the simulations with normal TBF establishment and with the fast TBF re-establishment mechanism were almost identical. Therefore, the results for these metrics shown on the following figures do not differentiate these two cases.
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Figure 3 - IM message transmission delay
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Figure 4 - Packet call throughput
The packet call throughput measured during simulations was low. The throughput is not limited by the system performance but by the WWW model which generates low data rates itself. The WWW model throughput is defined by the packet size and the packet interarrival distribution functions. If a higher throughput is desirable, then changes to the WWW model are required.
4. Conclusions
We have shown in our earlier study that simple radio resource management techniques such as releasing of inactive TBFs can help to avoid TBF blocking in the network [1]. The frequent releasing of inactive TBFs may increase load on CCCH. To overcome this problem, we introduced the fast TBF establishment mechanism on PDCH. The fast TBF re-establishment mechanism decreased the usage of AGCH by 25%.
Further simulation results including the WWW model are presented in this paper. The results confirm that the radio resource management techniques and the fast TBF re-establishment can provide consistent gains and improve the system performance in this mixed scenario. The TBF blocking, the IM session blocking and the IM message drop rate were at extremely low levels during all simulations. The FTR mechanism reduced the load on AGCH by 25% to 29%. There were only negligible differences in service metrics between different simulations scenarios.
The sourcing company would like to propose the simulation results presented in this document and also the simulation results obtained in IM only scenarios [1] to be included in the technical report of the GERAN EMDA study item together with the description of the simple radio resource management techniques and fast TBF re-establishment mechanism which were used to achieve these results.
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