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Introduction

The EUL system performances have been studied so far only for the case of two receive antennas. It is however known that additional receive diversity can offer performance gain. To evaluate the gain, we consider the systems with 2 ms TTI and 10 ms TTI with four receive antennas, and compare them with 2 ms TTI and 10 ms TTI with two receive antennas. The results are obtained for full buffer and mixed traffic model, and consider both throughput and delay performances.
EUL Performance Results

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 with both 2 ms TTI and 10 ms TTI. The rate and time scheduler with parameters specified in Table 9.4.1.1.1 is used. The number of receive antennas is two and four. 10 UEs per cell are considered with full buffer and 12 and 24 UEs per cell are considered with mixed traffic model. The same set of link level curves, as justified in [2], is assumed with both two and four receive antennas.

Full Buffer

Figure 1 illustrates the average cell throughput as a function of the average RoT. It can be seen that with 4 Rx antennas at 4.5dB RoT the throughput reaches 3.4Mbps with 2ms TTI while it is around 2.8Mbps with 10ms TTI. The throughput is more than twice as much as we see with 2 Rx antennas.

The RoT overshoot, defined as the probability of RoT greater than 7 dB, is listed in Figure 2. With 4 Rx antennas smaller RoT overshoot is observed with both 2ms and 10ms TTI compared to 2 Rx antennas. The fairness curves shown in Figure 3 indicate that 4 Rx antennas are slightly unfair compared to 2 Rx antennas. The reason is that for UEs in SHO, they are only allowed to transmit up to instantaneous rate 512kbps with 2ms TTI and 256kbps with 10ms TTI. With increased receive antennas the coverage is improved and the supportable rate is increased, as demonstrated in Figure 4, therefore, the rate restriction with SHO UEs is more strict, which results in the slightly worse fairness.
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Figure 1: Average cell throughput as a function of average RoT
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Figure 2: RoT overshoot as a function of average RoT
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Figure 3: CDF of the normalized user throughput
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Figure 4: Average scheduled rate after 2/4 transmissions vs. best downlink path loss

Mixed Traffic Model

Figure 5 presets the average cell throughput as a function of the average RoT. For 12 user case, the energy requirements with 4 receive antennas are significantly smaller than with 2 receive antennas, and therefore for the same target load, observed RoT is much smaller. 12 users in average are not able to fill-up the target load of 0.4-0.6, and so different target loads do not result in much different RoT, throughput or delays. Therefore, the number of users is increased to 24 for the system with 4 receive antennas. It can be seen that at the RoT of 4.5 dB the throughput with 2 ms TTI and 4 receive antennas reaches 2.4 Mbps, while with 10 ms TTI it is around 2.1 Mbps. The throughput difference between 2 ms TTI and 10 ms TTI with 4 receive antennas increased two times as compared to the difference with 2 receive antennas.

The RoT overshoot, defined as the probability of RoT exceeding 7 dB, is given in Figure 6. Both systems, with 2ms TTI and 10 ms TTI, exhibit smaller RoT overshoot with increased receive diversity.

Figure 7 - Figure 10 present the average packet call delays and the average packet delays. 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. It can be seen that the delay characteristics of a system with 4 receive antennas and 24 UEs are better than with 2 receive antennas and 12 UEs. It is also worth noting that the 2 ms TTI offers additional delay decrease over 10 ms TTI. For example, at 4.5 dB RoT, 2 ms TTI has 24 % smaller FTP packet call delay then 10 ms TTI for 4 receive antennas, and 15 % smaller FTP packet call delay with 2 receive antennas. With the increased diversity, 2 ms TTI offers delay decrease for Gaming users of 37 %, while with 2 receive antennas it is 28 %. Video users experience 80 % smaller packet delay with 2 ms TTI over 10 ms TTI and 4 receive antennas, as compared to 63 % smaller delay with 2 receive antennas.
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Figure 5: Average cell throughput as a function of the average RoT
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Figure 6: RoT overshoot as a function of the average RoT
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Figure 7: Average packet call delay of FTP users as a function of the average RoT
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Figure 8: Average packet delay of FTP users as a function of the average RoT
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Figure 9: Average packet call delay of Gaming users as a function of the average RoT
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Figure 10: Average packet delay of Video users as a function of the average RoT

Summary

The system performance of 2ms TTI and 10 ms TTI with 2 receive antennas and 4 receive antennas are presented. It is shown that the increased receive diversity offers significant throughput and delay benefits. It is also shown that the performance gain is more prominent for the system with 2 ms TTI than for the system with 10 ms TTI. 

The results imply that increasing the number of receive antennas for EUL provides significant performance gain, both in throughput and delay sense, especially for 2 ms TTI.
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