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Introduction

The EUL system performance results presented so far included time and rate scheduling or rate scheduling, and 2ms TTI or 10ms TTI. In this document, we present the performance of the system where both time and rate scheduling and rate scheduling, and both 2ms TTI and 10ms TTI are utilized.

Simulation Results

In this section, the system performance for full buffer and mixed traffic model is analyzed. Release-99, 2ms TTI EUL, 10ms TTI EUL, and 2ms+10ms TTI EUL results are presented. For the 2ms+10ms TTI system, it is assumed that non-SHO UEs are assigned 2ms TTI and are scheduled using time and rate scheduling (TRS). SHO UEs are assigned 10ms TTI and scheduled using rate scheduling (RS). 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 [1], for both full buffer and mixed traffic model, and 2ms and 10 ms TTI.

Full Buffer
From Figure 1, it can be seen that among all considered EUL systems, except 2ms TTI with TRS, the throughput with 2ms+10ms TTI is highest.  This slightly lower throughput than in the case of 2ms TTI with TRS is mainly due to the lower link efficiency of SHO UEs with 10ms TTI.

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 system yields smallest RoT overshoot because RS is used for SHO UEs in combination with TRS for non-SHO UEs.

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 is seen that all systems yield similar fairness. Slightly worse fairness of 2ms+10ms TTI system is due to the fact that 10ms TTI SHO UEs have lower link efficiency.
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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
Mixed Traffic Model

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. 

Figure 4 shows the system throughput as a function of the average RoT. EUL performs significantly better than Release-99. The system throughput with both 2ms+10ms TTI over performs all cases except 2ms TTI with TRS. 

As presented in Figure 5, the 2ms+10ms TTI system exhibits smaller RoT overshoot than 2ms only and 10ms TTI only systems with TRS, and the same overshoot as the 10ms TTI system with RS. This is due to the use of RS for 10ms users in the 2ms+10ms TTI system, as opposed to TRS used in the single frame duration systems.

From Figure 6, it is seen that the fairness of EUL is similar for all considered EUL scenarios, and worse compared to Release-99. 

Figure 7 and Figure 8 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 9 and Figure 10, respectively.

The delay characteristics of 2ms+10ms TTI system in the region of interest (4.5 – 5 dB) are better than in all other considered scenarios, except the 2ms TTI only system.
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Figure 4: Average cell throughput as a function of the RoT
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Figure 5: RoT overshoot
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Figure 6: Fairness curves
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Figure 7: Average packet call delay for FTP users
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Figure 8: Average packet call delay for Gaming users
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Figure 9: Average packet delay for FTP users
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Figure 10: Average packet delay for Video users

Summary

The performance of EUL with both time and rate scheduling and rate scheduling, used for 2ms TTI and 10ms TTI, respectively, are compared with Release-99, 2ms TTI EUL with time and rate scheduling, 10ms TTI EUL with time and rate scheduling, and 10ms TTI EUL with rate scheduling. It is shown that for the same average RoT, the throughput and delay characteristics of the 2ms+10ms TTI system with time and rate scheduling and rate scheduling are slightly worse than the 2ms TTI only system, and better than 10ms TTI only system. The 2ms+10ms TTI system shows the smallest (or same in case of 10ms TTI rate scheduled system) RoT overshoot, due to the use of combination of time and rate scheduling and rate scheduling. Therefore, for the fixed RoT overshoot it is possible to operate at the higher average RoT, implying higher throughput and lower delays. This makes the use of both time and rate scheduling and rate scheduling, along with the dual TTI of 2ms and 10ms TTI, a desirable approach for EUL design. As we find these findings very beneficial, we suggest capturing them in TR 25.808.
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