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Introduction

Enhanced uplink is expected to provide significant gains over the Rel-99. Some possible ways to achieve that is by introducing HARQ, higher data rates and shorter TTI length. In this document, we investigate the E-DCH system performance with 10 ms TTI, HARQ and a Node-B scheduler [1][2]. HARQ is operated in two modes – nominal and boosted. In the nominal mode all transmissions use the nominal  factors, such that the BLER is approximately 1% after two transmissions. In the boosted mode, the nominal  factors are boosted, such that the BLER is smaller than 20% after the first transmission. Hence, the number of transmissions that are needed with boosted mode are higher than with the nominal mode. The system performances of the EUL with nominal mode, EUL with boosted mode and Rel-99 are compared in terms of cell throughput, fairness, RoT overshoot and delays.
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The following figures present the system performance of E-DCH with 10 ms TTI, HARQ and a Node-B scheduler. HARQ is operated in two modes – nominal and boosted. In the nominal mode all transmissions use the nominal  factors, such that the BLER is approximately 1% after two transmissions. In the boosted mode, the nominal  factors are boosted, such that the BLER is smaller than 20% after the first transmission. The comparison of the performances, in terms of cell throughput, fairness, RoT overshoot, and delays are shown.

The system configuration is shown in Table 9.4.1.1.1, with exceptions given in Table 9.6.2.2.1. FTP traffic parameters are shown in Table 9.6.1.2.1 The MCS for E-DCH is in Table 9.6.2.1.

Table 9.6.2.2.1: System Configuration

	Parameter
	Configuration

	Traffic model
	Mixed (4 FTP, 4 Video, 4 Gaming)

	#UE per cell
	12


Figure 9.6.2.2.1 shows the system throughput as a function of the average RoT. The gain of the system with the nominal HARQ mode over the boosted HARQ modes can be observed.

The RoT overshoot is given in Figure 9.6.2.2.2. It can be seen that the RoT overshoot for the region of interest is similar for both, nominal and boosted modes. The higher RoT overshoot of the nominal mode at the higher RoT is observed, primarily due to the relaxed power requirements in the nominal mode, that enables the use of higher instantaneous data rates.

The cumulative density function (CDF) of user throughputs normalized by the average throughput per user is used to represent the fairness. The fairness curves, given in Figure 9.6.2.2.3, shows that the fairness of the system with the nominal mode and the boosted mode 1 are similar, while the boosted mode 2 exhibits slightly better fairness. This can be explained by the following. The users that are the most affected by the higher power requirements in the boosted mode are the ones with the medium downlink path loss, as their power based requested rate is smaller than in the nominal mode, as shown in Figure 9.6.2.2.4. On the other hand, the SHO restriction diminishes the throughput difference between SHO users in the nominal and boosted mode. Since the average user throughput is larger in the nominal mode, the scaling factor for the fairness curve of the nominal mode is higher. This causes the jump in the fairness curve (that in general distinguishes the SHO user from the non-SHO users) for nominal mode to happen before the boosted mode. 

Figures 9.6.2.2.5, 9.6.2.2.6, 9.6.2.2.7 and 9.6.2.2.8 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 delays are smaller for the system with the nominal mode compared to the boosted modes. The average delay of the boosted mode 2, at about 4.5 dB average RoT, is about 20% higher for FTP packet call delay, about 50% higher for Gaming packet call delay, about 30% higher for FTP packet delay, and about 90% higher for Video packet delay.

Table 9.6.2.2.2 shows the performance comparison of the nominal and boosted mode 2, with very lightly loaded system. There are 3 users per cell - mix of 1 FTP, 1 Gaming and 1 Video user. It can be seen that for approximately the same average RoT, the boosted mode overperforms the nominal mode.
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Figure 9.6.2.2.1: Average cell throughput as a function of the average RoT 
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Figure 9.6.2.2.2: Percentage of time the RoT is greater than 7 dB
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Figure 9.6.2.2.3: Fairness curves
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Figure 9.6.2.2.4: Users’ average power based requested rates
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Figure 9.6.2.2.5: Average packet call delay for FTP users
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Figure 9.6.2.2.6: Average packet call delay for Gaming users
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Figure 9.6.2.2.7: Average packet delay for FTP users
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Figure 9.6.2.2.8: Average packet delay for Video users

Table 9.6.2.2.2: Performance Comparison of the Nominal and Boosted Mode for 3 UEs per cell (mix of 1 FTP, 1 Gaming, 1 Video)

	
	Average RoT [dB]
	Average Cell Throughput [kbps]
	RoT Overshoot [%]
	Average FTP Packet Delay [s]
	Average FTP Packet   Call Delay [s]
	Average Gaming Packet Call Delay [s]
	Average Video Packet Delay [s]

	Nominal
	0.86
	284.1
	0.002
	16.3
	118.9
	6.4
	0.08

	Boosted Mode 2
	1.06
	293.9
	0.016
	11.1
	106.6
	5.5
	0.05


It is seen that the system with the nominal mode can offer smaller delays for all traffics, and the higher cell throughput over the boosted mode. The boosted mode has smaller number of retransmissions, and therefore shorter HARQ delay, but due to the higher power requirements, the uplink resources taken by each transmission are higher than in the nominal mode. This accounts for increased scheduling delays with the boosted mode, and this prevails over the gain due to the shorter HARQ delays. Hence, the resulting boosted mode delays are higher than the nominal mode delays. It is also shown that when the system is very lightly loaded, and the scheduling delays are not significant, the boosted mode exhibits the better performance than the nominal mode.


























































