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1. Introduction

This contribution presents our simulation results of the uplink spectrum efficiency and cell-edge user throughput for the Rel. 8 LTE and LTE-Advanced in ITU test environments. We confirm that the Rel. 8 LTE satisfies the ITU requirements [1] and show that further performance extension is possible by introducing LTE-Advanced techniques. The achieved values are the same as those appearing in the spreadsheet in [2].
2. Simulation Assumptions
We follow the simulation assumptions of the ITU test environments provided in [3]. Additional simulation assumptions are given in Table 1.

Table 1 – Simulation assumptions for uplink
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The total overhead assumed in the uplink evaluation is calculated as follows.

Xtotal = 1 – (1 – XDRS – XSRS) x (1 – XPUCCH) = 0.215
(XDRS = 2 / 14 = 0.1429, XSRS = 1 / 14 / 20 = 0.0036, XPUCCH = 4 / 50 = 0.08)
3. Simulation Results
In this contribution, we present the simulation results of following five schemes in each test environment.

· Rel. 8 LTE: 1 x 4 SIMO without interference rejection combining (IRC) at the eNB
· Rel. 8 LTE: 1 x 4 SIMO with IRC for the highest level of interference
· LTE-Advanced: 2 x 4 SU-MIMO without IRC

· LTE-Advanced: 2 x 4 SU-MIMO with IRC for the highest level of interference
· LTE-Advanced: 2 x 4 SU-MIMO with IRC for the highest level of interference and CoMP reception
For SU-MIMO rank adaptation, closed-loop transmit diversity is used for Rank 1 and per antenna rate control (PARC) is used for Rank 2 based on the agreements described in [4]. For CoMP reception, we assume a combined reception between the highest and second highest cells for each UE.
3.1. InH
Figure 1 shows the cumulative distribution function (CDF) of the user throughput in InH test environment employing uncorrelated co-polarized antennas at the eNB. In Table 2, we summarize the results of the cell spectral efficiency, the cell-edge user throughput, and the effective IoT [5].
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Figure 1 – CDF of user throughput in InH test environment
Table 2 – Cell spectral efficiency, cell-edge user throughput, and effective IoT in InH test environment
(number in ( ) represents performance with ideal channel estimation)

[image: image3.emf]0.274

(0.277)

0.273

(0.275)

0.198

(0.204)

0.239

(0.239)

0.172

(0.177)

0.07 Cell-edge user 

throughput [bps/Hz]

0.1

3.32

(3.32)

w/ IRC

0.5

4.65

(4.76)

w/ IRC

LTE-A

2x4 SU-MIMO

0.5 13.9 13.8 < 10.0 Effective IoT [dB]

4.74

(4.85)

CoMP

Rel. 8 LTE

1x4 SIMO

3.10

(3.18)

w/o IRC

2.60

(2.66)

w/o IRC

2.25

Required 

value

Cell spectral 

efficiency [bps/Hz]

0.274

(0.277)

0.273

(0.275)

0.198

(0.204)

0.239

(0.239)

0.172

(0.177)

0.07 Cell-edge user 

throughput [bps/Hz]

0.1

3.32

(3.32)

w/ IRC

0.5

4.65

(4.76)

w/ IRC

LTE-A

2x4 SU-MIMO

0.5 13.9 13.8 < 10.0 Effective IoT [dB]

4.74

(4.85)

CoMP

Rel. 8 LTE

1x4 SIMO

3.10

(3.18)

w/o IRC

2.60

(2.66)

w/o IRC

2.25

Required 

value

Cell spectral 

efficiency [bps/Hz]


3.2. UMi
Figures 2(a) and 2(b) show the CDF of the user throughput in UMi test environment employing uncorrelated co-polarized antennas and correlated co-polarized antennas at the eNB, respectively. In Table 3, we summarize the results of the cell spectral efficiency, the cell-edge user throughput, and the effective IoT.
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Figure 2 – CDF of user throughput in UMi test environment
Table 3 – Cell spectral efficiency, cell-edge user throughput, and effective IoT in UMi test environment

(number in ( ) represents performance with ideal channel estimation)
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3.3. UMa
Figures 3(a) and 3(b) show the CDF of the user throughput in UMa test environment employing uncorrelated co-polarized antennas and correlated co-polarized antennas at the eNB, respectively. In Table 4, we summarize the results of the cell spectral efficiency, the cell-edge user throughput, and the effective IoT.
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Figure 3 – CDF of user throughput in UMa test environment

Table 4 – Cell spectral efficiency, cell-edge user throughput, and effective IoT in UMa test environment

(number in ( ) represents performance with ideal channel estimation)
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3.4. RMa
Figures 4(a) and 4(b) show the CDF of the user throughput in RMa test environment employing uncorrelated co-polarized antennas and correlated co-polarized antennas at the eNB, respectively. In Table 5, we summarize the results of the cell spectral efficiency, the cell-edge user throughput, and the effective IoT.
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Figure 4 – CDF of user throughput in RMa test environment

Table 5 – Cell spectral efficiency, cell-edge user throughput, and effective IoT in RMa test environment

(number in ( ) represents performance with ideal channel estimation)
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4. Conclusion

This contribution presented simulation results of the uplink spectrum efficiency and cell-edge user throughput for the Rel. 8 LTE and LTE-Advanced in ITU test environments. We confirmed that the Rel. 8 LTE satisfies the ITU requirements in all test environments when the IRC for the highest level interference is applied at the eNB. Furthermore, we showed that further performance extension is possible by introducing LTE-Advanced techniques such as SU-MIMO and CoMP reception. We note that further investigation of the uplink CoMP gain is needed considering a realistic traffic model and heterogeneous network deployment as a 3GPP internal study. Additionally, we note that the loss of non-ideal channel estimation is approximately 5% in the uplink.
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