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1. Introduction

E-UTRA targets high user throughput and spectrum efficiency ‎[1]. More specifically, as compared to a baseline configuration according to ‎[1], the uplink targets are: 2-3 times higher average user throughput, 2-3 times higher cell-edge user throughput, and 2-3 times higher spectrum efficiency. 

This paper presents performance evaluations indicating to what extent these targets can be reached. In more detail, for both E-UTRA and the baseline system, user-throughput distributions are determined for different traffic loads. Then, as depicted in Figure 1, to estimate mean and cell-edge user-throughput gains (Gmu1 and Gce1 in Figure 1), the mean and cell-edge (5th percentile) user throughputs are compared for the same sector throughput. Spectrum efficiency gains (Gce1) are estimated as the increase in sector throughput for the same achieved mean or cell-edge bitrate. Alternatively, the “simultaneous” gains can be determined, depicted by dashed lines in Figure 1 and denoted ‘Gxx2’. 

The paper is organized as follows. Models and assumptions are presented in Section ‎2, followed by numerical results in Section ‎3. Conclusions are drawn in Section ‎4. 
2. Models and Assumptions

A summary of models and assumptions is provided in Table 1. The models are aligned with the assumptions in ‎[2]

 REF _Ref133137929 \r \h 
‎[3]. A simulation-based time-dynamic evaluation methodology is used. In each run of the simulation, terminals are randomly positioned in the system area and move according to the mobility models. To study different system load levels, the number of terminals is varied. In each time step of the simulation (1 TTI), the radio channel between each base station and terminal antenna pair is calculated according to the propagation and fading models. What users get to transmit in each cell, and the associated modulation and coding schemes, are selected according to the scheduling and link adaptation principles. Based on the channel realizations and the active interferers, a signal-to-interference and noise ratio (SINR) is calculated for each base station receive antenna. The SINR values are then combined according to the MMSE/IRC criteria ‎[5], and an effective SNR value is calculated. Using the Mutual Information Effective SINR Metric (MIESM) methodology proposed in ‎[4], the effective SNR values together with the used modulation and coding schemes are then mapped to block error probabilities per user. To model Hybrid ARQ (HARQ) with soft combining, for each HARQ process the total received mutual information and an effective code rate over all transmission attempts are used to generate block errors (see further Appendix ‎0). The user throughput is defined as the number of correctly received bits per user divided by the simulation time. The sector throughput is defined as the total number of correctly received bits for all users divided by the simulation time and the number of sectors.
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Figure 1: Example of user throughput versus traffic load, and definition of performance gains.

	Traffic and Mobility Models

	User distribution
	Uniform

	Terminal speed
	3 km/h 

	Data generation
	Full buffer, number of users varied to vary the load

	Radio Network Models

	Distance dependent path loss
	L = 15.3+20+37.6(log(d), d = distance in meters,  Note: Penetration loss 0 dB for ISD=7500m

	Shadow fading
	Log-normal, 8dB standard deviation

	Multipath fading
	3GPP Typical Urban (WCDMA), SCM Suburban Macro for E-UTRA

	Cell layout
	Hexagonal grid, 3-sector sites, 57 sectors in total

	Inter-Site Distance 
	500m, 1732m, or 7500m

	System Models 

	Spectrum allocation
	5MHz

	UE power 
	250mW (24dBm)

	Max antenna gain
	14dBi

	Modulation and coding schemes
	QPSK, and 16QAM (E-UTRA only), Rel-6 turbo codes, rates 0.1, 0.14, 0.2, 0.25, 0.33, 0.4, 0.5, 0.6, 0.67, 0.75, 0.8, 0.89.

	Channel estimation
	Ideal (link-level evaluations for DL indicate a channel estimation loss of 0.2dB)

	Channel quality estimation
	Instant, error-free feedback

	Reuse
	Uncoordinated reuse 1

	Baseline WCDMA Characteristics

	Node B and UE parameters
	According to Table A.2.1.5-1 and Table A.2.1.7-1 in 25.814, UE Capability Category 6: 2Mbps, TTI=10ms  (higher data rates provides gain only if more advanced receivers than baseline are used)

	Receiver
	2-branch antenna diversity with rake receiver, maximum ratio combining of all channel taps. 5dB noise figure 

	Scheduler
	Equal rate – users within cell code multiplexed targeting equal rate 

	E-UTRA Characteristics

	SC-FDMA Parameters 
	According to ‎[2]

	Overhead
	2/7 = 28% (5 symbols per TTI for data)

	Transmission scheme
	Single-stream

	Receiver
	2-branch receive diversity with MMSE/IRC combining ‎[5], 5dB noise figure

	Scheduler
	Round robin

	Link adaptation
	Initial MCS selection with 10% BLER target, 6 HARQ processes


Table 1: Models and Assumptions.

3. Numerical Results

User throughput CDFs for the E-UTRA concept and the baseline system are shown in Figure 2 and Figure 3 respectively for an ISD of 500m, corresponding to simulation case 1 in [2]. A range of activity factors, measured as the mean number of full-buffer users per sector, are covered. Figure 4 and Figure 5 show mean and cell-edge user throughput, respectively, versus the activity factor. Note that the same number of users per sector corresponds to different served traffic loads for the two systems. In Figure 6 and Figure 7, the mean and cell-edge user throughput are instead plotted versus the sector throughput measured in Mbps (As depicted in Figure A.2.4-1 and A.2.4-2, respectively, in Annex A.2.4 of TR 25.814 ‎[2]). In these figures also the low and high end ‘simultaneous’ interpretation of the 3GPP targets are plotted.

As can be seen, the E-UTRA performance curves in Figure 6 and Figure 7 falls above the target range for both the mean and cell-edge user throughput. Thus it is fully justified to conclude that the E-UTRA concept fulfills the agreed uplink targets for this simulation case. Note that the spectrum-efficiency and user-throughput targets are simultaneously fulfilled.

Figure 8 – Figure 13 present the same results but for an ISD of 1732m, corresponding to simulation case 3 in [2]. . Also in this case, the E-UTRA performance falls above or, in some cases, within the target range. Thus, also for this simulation case, it is fully justified to conclude that the E-UTRA concept fulfills the agreed targets.

To provide an indication of the performance also in larger cells, simulations results for an ISD of 7500 m can be found in Figure 14 – Figure 19 (although this ISD is not part of the simulation cases listed in ‎[2]).

These uplink results are applicable directly to FDD systems. For TDD systems the results should be multiplied by the uplink asymmetry factor, and the relative guard time between up- and downlink transmission should be deducted.

4. Conclusions

Detailed dynamic simulations have been carried out to evaluate the E-UTRA uplink system performance (spectral efficiency and user throughput) vs. the agreed targets.  Two simulation cases have been covered, case 1 (500 m ISD) and case 3 (1732 m ISD). Also the case of ISD = 7500 m has been studied. In all the cases, the E-UTRA concept fulfills the agreed targets. 
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Figure 2: User throughput CDFs for E-UTRA for different traffic loads. ISD = 500m.
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Figure 3: User throughput CDFs for the baseline system for different traffic loads. ISD = 500m.
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Figure 4: Mean user throughput versus activity factor. ISD = 500m.
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Figure 5: Cell-edge user throughput versus activity factor. ISD = 500m.
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Figure 6: Mean user throughput versus traffic load per sector. ISD = 500m.
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Figure 7: Cell-edge user throughput versus traffic load. ISD = 500m.
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Figure 8: User throughput CDFs for E-UTRA for different traffic loads. ISD = 1732m.
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Figure 9: User throughput CDFs for the baseline system for different traffic loads. ISD = 1732m.
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Figure 10: Mean user throughput versus activity factor. ISD = 1732m.
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Figure 11: Cell-edge user throughput versus activity factor. ISD = 1732m.
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Figure 12: Mean user throughput versus traffic load per sector. ISD = 1732m.
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Figure 13: Cell-edge user throughput versus traffic load. ISD = 1732m.
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Figure 14: User throughput CDFs for E-UTRA for different traffic loads. ISD = 7500m.
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Figure 15: User throughput CDFs for the baseline system for different traffic loads. ISD = 7500m.
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Figure 16: Mean user throughput versus activity factor. ISD = 7500m.
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Figure 17: Cell-edge user throughput versus activity factor. ISD = 7500m.
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Figure 18: Mean user throughput versus traffic load per sector. ISD = 7500m.
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Figure 19: Cell-edge user throughput versus traffic load. ISD = 7500m.

Link-to-System Interface

Block errors are generated using the Mutual Information Effective SINR Metric (MIESM) methodology proposed in ‎[4]. In summary, for each transmission attempt, the effective SNR at the receiver together with the used modulation are mapped to a measure of received information. For each code rate a mapping between received information and block error rate also exists. Using this mapping, it is determined whether the block was successfully received or not. If a retransmission is required, the information received in the previous attempt is stored and added to the information received in the new attempt. Figure 20 shows the resulting bitrate versus effective SNR for the different modulation and coding schemes used (without incremental redundancy). 
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Figure 20: Bitrate versus effective SNR.
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