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Introduction

In this document, we present the performance of the system where rate scheduling (RS), time and rate scheduling (TRS) and load control (LS), are used in the scheduling mechanism. The system with both 2ms TTI and 10ms TTI is considered, and results are presented for mixed traffic model.

Simulation Results

Simulation Assumptions

In this section, the system performance for full buffer and 2ms+10ms TTI EUL is presented and analyzed. It is assumed that non-SHO UEs are assigned 2ms TTI and SHO UEs are assigned 10ms TTI. Four scheduling schemes are analysed: 

1. RS - All users are scheduled using RS

2. TRS/RS - 2ms TTI users are scheduled using TRS and 10ms TTI and scheduled using RS

3. TRS+RS+LC - All users are scheduled using RS; when the requested rate differed by more than two levels grant is sent (TRS); when the outer cell loading level became higher than the inner cell loading, busy bit was set (LC) such that the rate of the SHO users not scheduled by that cell was decreased by one level. The algorithm description is given in [1]
4. TRS/RS+LC - 2ms TTI users are scheduled using TRS and 10ms TTI and scheduled using RS; when the outer cell loading level became higher than the inner cell loading, busy bit was set (LC) such that the rate of the SHO users not scheduled by that cell was decreased by one level. The algorithm description is given in [1]
The simulation setup is provided in Table 9.4.1.1.1, Table 9.4.1.2.1 and Table 9.4.1.2.2 [2]. No SHO restriction is applied. We consider a mix of FTP, Gaming and Video users. The results are obtained for the system with 12 users, with 4 users of each traffic type.

Results
Figure 1 presents the average cell throughput as the function of the average rise-over-thermal noise (RoT). The pure RS has the smallest throughput. The performance is slightly improved when TRS is occasionally used (TRS+RS+LC). The purpose of the LC is to provide an extra protection in the case outer load becomes excessive. TRS/RS and TRS/RS+LC exhibit the similar performance, since due to the variable traffic, the LC is triggered with small frequency (as opposed in the case of always full buffers).

Figure 2 shows the RoT overshoot, which is defined as the probability of the average RoT exceeding 7dB. It can be observed that 2ms+10ms TTI systems with RS-based scheduling yield the smallest RoT overshoot, although the difference compared to the other scheduling considered schemes is not significant.

The cumulative density function (CDF) of user throughputs normalized by the average throughput per user is used to represent the system fairness. From Figure 3, it can be seen that all schemes yield similar fairness, with TRS/RS+LC having slightly worse fairness because LC restricts SHO UEs. All fairness curves lay way to the right of the commonly used fairness criterion, which means that they fulfil the fairness criterion.

Figure 4 and Figure 5 show the average packet call delays for FTP and Gaming users. Packet call delay is the time between two consecutive reading periods. For Gaming users, packet call delay represents the time of a gaming session that includes the time during which the packets are generated (active period), and the time needed for transmission of the data packets accumulated during the active period. For FTP users, packet call delay is the time needed for an FTP file upload. Packet delay is the time needed for a packet to be received at a Node-B. Packet delays of FTP and Video users are presented in Figure 6 and Figure 7, respectively.

The delay characteristics of RS and TRS+RS+LC are similar, while the delay characteristics of TRS/RS and TRS/RS+LC are mutually similar and better then the previous ones. There is not much difference between RS and TRS+RS+LC because TRS+RS+LC is the RS based scheme, where the TRS is only occasionally invoked, and has the small influence to the average delays due to the nature of used traffic models (the amount of data is either very large or very small). LC in both TRS+RS+LC and TRS/RS+LC is not used frequently, and serves only for overloading protection.
[image: image1.wmf]0

200

400

600

800

1000

1200

1400

3

3.5

4

4.5

5

5.5

Average RoT [dB]

Average Cell Throughput [kbps]

EUL, 2ms/10ms, RS

EUL, 2ms/10ms, TRS/RS 

EUL, 2ms/10ms, TRS/RS+LC 

EUL, 2ms/10ms, TRS+RS+LC


Figure 1: Average cell throughput as a function of RoT
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Figure 2: Percentage of time the RoT is greater than 7dB
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Figure 3: Fairness curves
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Figure 4: Average packet call delay for FTP users
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Figure 5: Average packet call delay for Gaming users
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Figure 6: Average packet delay for FTP users
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Figure 7: Average packet delay for Video users

Summary

The performance of 2ms TTI and 10ms TTI EUL with different scheduling schemes is presented and analysed. It is shown that for the same average RoT, the TRS/RS-based scheduling (TRS/RS and TRS/RS+LC) yields better delay performance than RS-based scheduling (RS and TRS+RS+LC) at he cost of higher overhead. The LC offers an inexpensive way (it is a common control bit) to control excessive outer cell load, and can further improve the system performance at the cost of fairness. It is observed that in the case of mixed traffic model and normal operating conditions (RoT of around 4 to 5 dB), the overloading due to the outer cell interference is not a problem, and hence the scheduling mechanism need not to be designed solely to solve that problem. What is needed to address the potential overloading is just a simple and inexpensive mechanism (such as LC) to deal with it if it occurs. LC described here can be compared to the approach where relative grants are sent from all SHO cells, as the other possibility to control the load due to outer cell interference. Note that transmission of the LC command, as the common control bit, is more overhead inexpensive as compared to the transmission of relative grants from all cells in SHO. Analysis of the cost of the relative grant from a serving cell is given in [3], and the requirements will be higher for the relative grants sent from the non-primary cells in SHO (needed for outer cell load control).

The TRS+RS+LC is an RS based scheduling scheme where TRS and LC are occasionally used. Enabling TRS in TRS+RS+LC can improve the performances compared to RS only with negligible overhead cost. However, in the presented results, the TRS in TRS+RS+LC has the small influence to the average delays due to the nature of used traffic models (the amount of data is either very large or very small).

The results suggest that the use of RS, TRS, and LC is a desirable approach for EUL scheduling design. As we find these findings beneficial, we suggest capturing them in TR 25.808.
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