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1. Introduction

This paper presents system-level simulation results on achievable spectrum efficiency, user throughput and coverage, in order to clarify the achievement of the targets of these issues for OFDMA radio access in the E-UTRA downlink [1].

2. Simulation Conditions

Tables 1 lists the major radio parameters in the system-level simulation which follows agreed conditions in E-UTRA evaluations [2]. In E-UTRA, we assumed the 10-MHz transmission bandwidth, while, transmission bandwidth in HSDPA is 5 MHz. Sub-frame lengths are 0.5 and 2 msec in E-UTRA and HSDPA, respectively.  In HSDPA, data channel employs 15-code multiplexing assuming the spreading factor of 16. In addition, the CDM based pilot channel is used for path timing detection and channel estimation at a UE receiver. Meanwhile, spreading (i.e., repetition) is not used in E-UTRA. Scattered pilot channel structure was assumed in E-UTRA, in which pilot symbols are multiplexed into first and fifth OFDM symbol positions at each sub-frame with 6-sub-carrier spacing each OFDM symbol position. The overhead of pilot symbols and control information symbols is set to 30 and 29% in HSDPA and E-UTRA. Thus, 70 and 71% of total transmission powers are assigned to shared data channel. Table 2 shows the combinations of modulations and channel coding rates in Turbo code, and corresponding achievable peak data rates in HSDPA and E-UTRA. The maximum transmission powers at Node B are 43 and 46 dBm in HSDPA and E-UTRA. The antenna gain of Node B is set to 14 dBi.  
We assume a 19-cell configuration, where each cell has three sectors. Furthermore, by employing the wrap around method, each cell suffers from inter-cell interference from the surrounding cells. The locations of the UEs are randomly assigned with a uniform distribution within each cell. However, the minimum distance between a Node B and a UE is set to 35 meters. The propagation model follows a distance-dependent path loss with the decay factor of 3.76, lognormal shadowing with a standard deviation of 8 dB, and instantaneous multipath fading. It is assumed that the distance-dependent path loss is constant during the throughput measurement period, while the shadowing and instantaneous fading variations are added. The correlation values between the cell sites and that between sectors are 0.5 and 1.0, respectively. We assumed the six-ray Typical Urban (TU) channel model with the moving speed of 3 km/h, corresponding to the fading maximum Doppler frequency of 5.55 Hz at a 2-GHz carrier frequency, and the root mean square delay spread of 1.07 sec. Traffic model assumed is on-off traffic model with activity factor as parameter. Actual value interface (AVI) method [3] and exponential effective signal-to-interference plus noise power ratio (SINR) mapping (EESM) method [4] are used to map the effective SINR calculated in the system level simulation to packet error rate performance obtained from link level simulation in HSDPA and E-UTRA, respectively. 

Table 1 – Major radio link parameters in system-level simulation
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Table 2 – Combinations of modulations and channel coding rates
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Table 3 shows the major radio parameters at UE receiver, adaptive modulation and coding (AMC), hybrid ARQ and channel-dependent scheduling. Two-branch antenna diversity reception was assumed at UE receiver with antenna gain of 0 dBi. The FFT timing was estimated from the correlation between the received signal and pilot symbol replica in the time domain. Moreover, channel estimation is performed as follows. First, OFDM symbols of two neighboring sub-carriers are averaged by linear interpolation in the frequency domain and the successive averaged channel estimate is further averaged by coherent accumulation in the time domain to produce the final channel estimate. We briefly explain the key techniques used below.
· AMC
AMC employing the modulation and channel coding rates in Table 2 was applied to HSDPA and E-UTRA, respectively. Ideal channel quality indicator (CQI) measurement was assumed. Control delay in AMC was set to the 4 sub-frame duration.

· Hybrid ARQ

We used Chase combining with the control delay of 6 sub-frame duration.

· Channel-dependent scheduling
Channel-dependent scheduling methods only in time domain and in frequency and time domain was used in HSDPA and E-UTRA, respectively. The criterion for selecting UE at each resource block in time domain or in frequency and time domain channel-dependent scheduling is Proportional fairness (PF) algorithm [5]. We assumed ideal CQI measurement for channel-dependent scheduling. 
Table 3 – Major radio parameters at UE receiver, AMC, hybrid ARQ, and channel-dependent scheduling
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3. Simulation Results

3.1. Spectrum Efficiency 

We investigated the spectrum efficiency for three conditions of inter-site distance (ISD), penetration loss and moving speed of a UE as indicated in Table 4 [2]. 

Table 4 – Conditions of evaluation environments
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First, Figures 1(a), 1(b) and 1(c) plot spectrum efficiencies in HSDPA and E-UTRA for environment conditions (1), (2), and (3), respectively, as a function of the activity factor in on-off traffic model, . The number of UEs per cell was set to 10 when the activity factor of  = 1.0. We see from the figures the distinct gain in the spectrum efficiency of E-UTRA from HSDPA. The gain is from the application of OFDM based radio access with robustness against multipath interference, frequency domain channel-dependent scheduling, and 64QAM modulation. 
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(a) Condition (1)
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(b) Condition (2)
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(c) Condition (3)

Figure 1 – Spectrum efficiency as a function of activity factor of traffic, 
Then, Table 5 lists calculated spectrum efficiencies in HSDPA and E-UTRA, and the corresponding gain of E-UTRA from HSDPA for three environment conditions without channel-dependent scheduling, i.e., with round robin (RR) scheduling. Table 6 shows the corresponding spectrum efficiencies and the gain with frequency and time domain or only time domain channel-dependent scheduling in E-UTRA or HSDPA. In Table 6, the spectrum efficiency and the gain is piloted with activity factor,  as a parameter from 0.2 to 1.0. First, we see from Table 5 that without channel-dependent scheduling, i.e., with RR scheduling, the gain in the spectrum efficiency of E-UTRA from HSDPA is approximately 75-90%. This gain is from the increasing robustness by OFDM based radio access and from the use of 64QAM modulation near cell site. Then, we find from Table 6 that the gain in the spectrum efficiency of E-UTRA from HSDPA is increased to approximately 110-140% by applying frequency and time domain channel-dependent scheduling. According to increase of  value, the spectrum efficiency is increased when  value is greater than 0.1. However, even with  = 1.0, the gain in the spectrum efficiency of E-UTRA from HSDPA is approximately 110-135%. Accordingly, we see that the target spectrum efficiency, i.e., 3 times that of HSDPA, is not satisfied.

Table 5 – Spectrum efficiency with RR scheduling
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Table 6 – Spectrum efficiency with PF based channel-dependent scheduling
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3.2. User Throughput

Next, we investigate the average user throughput (“average” means average among all UEs in 19 x 3 cells) and user throughput at the cumulative distribution function (CDF) of 5% (i.e., cell boundary) in E-UTRA and HSDPA. Figures 2(a) and 2(b) show the user throughput at the CDF of 5% and average user throughput, respectively, in environment condition (1) as a function of the spectrum efficiency in E-UTRA and HSDPA employing PF-based channel-dependent scheduling. Similarly, Figures 3(a) and 3(b) and Figures 4(a) and 4(b) indicate the user throughput at the CDF of 5% and average user throughput in conditions (2) and (3), respectively, assuming the other same conditions. In the figures, the user throughput without channel-dependent scheduling, i.e., with RR scheduling are also given. Moreover, the activity factor of traffic, , is parameterized. We can clearly find the superior user throughput of E-UTRA to that of HSDPA particularly in high user throughput regions. 

Tables 7, 8 and 9 list the user throughput at the 5% CDF and average user throughput of HSPDA and E-UTRA, and the gain in the user throughput of E-UTRA from HSDPA in conditions (1), (2), and (3), respectively, using frequency domain channel-dependent scheduling. The user throughputs at spectrum efficiency of 0.2, 0.4 and 0.6 bps/Hz are given. The same tendencies are observed as in spectrum efficiency. We see from these figures that the gain in the average user throughput of E-UTRA from HSDPA is greater than 200% when the spectrum efficiency is larger than approximately 0.4. It is also observed that the gain in the throughput at the 5% CDF is greater than 200% when the spectrum efficiency is 0.6. Accordingly, we can conclude that the target average user throughput and user throughput at cell boundary (5% CDF value), i.e., greater than 3 times that of HSDPA, are achieved when the spectrum efficiency is approximately 0.4-0.6.
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(a) User throughput at 5% CDF 
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(b) Average user throughput 

Figure 2 – User throughput as a function of spectrum efficiency in condition (1)
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(a) User throughput at 5% CDF 
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(b) Average user throughput 

Figure 3 – User throughput as a function of spectrum efficiency in condition (2)
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(a) User throughput at 5% CDF 
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(b) Average user throughput 

Figure 4 – User throughput as a function of spectrum efficiency in condition (3)

Table 7 –  User throughput for spectrum efficiensy in condition (1)
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Table 8 – User throughput for spectrum efficiensy in condition (2)
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Table 9 – User throughput for spectrum efficiensy in condition (3)
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3.3. Coverage

Finally, we investigate the coverage list the coverage comparisons between HSDPA and E-UTRA, where coverage is defined as spectrum efficiency and the user throughput in the environment conditions such as the cell radius of 5000 m and penetration loss of 0 dB. The moving speed is set to 3 km/h (i.e., maximum Doppler frequency is 5.55 Hz at 2-GHz carrier frequency). Figure 5 plots the spectrum efficiency at the cell radius of 5000 m as a function of activity factor, . Though the spectrum efficiency in Fig. 5 is reduced compared to those in conditions (1) – (3) as a whole, we can see the clear gain in the spectrum efficiency even at the cell radius of 5000 m of E-UTRA from the HSDPA. Table 10 lists the resultant spectrum efficiency at the cell radius of 5000 m in E-UTRA and HSDPA with value as a parameter. We see from Table 10 that the coverage gain in the spectrum efficiency of E-UTRA from HSDPA is approximately 135% when value is 1.0. Accordingly, the target coverage gain from the viewpoint of spectrum efficiency, i.e., greater than 3 times, is not satisfied. 


Figures 6(a) and 6(b) show the user throughput at the 5% CDF and average user throughput at the cell radius of 5000 m as a function of spectrum efficiency. Table 11 lists the resultant coverage gains in the user throughput at the 5% CDF and average user throughput of E-UTRA from HSDPA. We see from Table 11 that that the coverage gain from the viewpoint of average user throughput becomes approximately 400% when the spectrum efficiency of 0.4 bps/Hz. It is also seen, however, that the gain in the user throughput at the 5% CDF is approximately 100% at the cell radius of 5000 m when the spectrum efficiency is 0.4. 

Therefore, we can conclude that among the target coverage issues in E-UTRA downlink, i.e., greater than 3 times those of HSDPA, the target average user throughput is achieved, while the target spectrum efficiency and the user throughput at the 5% CDF are not satisfied.
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Figure 5 – Spectrum efficiency at the cell radius of 5000 m as a function of activity factor,  

Table 10 – Spectrum efficiency at the cell radius of 5000 m as a function of activity factor, 
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(a) User throughput at 5% CDF
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(b) Average user throughput

Figure 6 – User throughput at the cell radius of 5000 m as a function of spectrum efficiency
Table 11 – User throughput at the cell radius of 5000 m as a function of spectrum efficiency
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4. Conclusion

In the contribution, we elucidated following results through extensive system-level simulations in E-UTRA downlink. Note that in this contribution single-antenna transmission is assumed both for HSDPA and E-UTRA.

· The target spectrum efficiency, i.e.,  greater than 3 times that of HSDPA, was not satisfied

· The target average user throughput and user throughput at cell boundary (5 % CDF value), i.e., greater than 3 times that of HSDPA, were achieved when the spectrum efficiency is approximately 0.4 - 0.6.

· Among the target coverage issues in E-UTRA downlink, i.e., greater than 3 times those of HSDPA, the target average user throughput was achieved, while the target spectrum efficiency and the user throughput at the 5% CDF were not satisfied. 
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