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1. Introduction

This contribution presents our simulation results of the downlink spectrum efficiency and cell-edge user throughput for the Rel. 8 LTE and LTE-Advanced in ITU test environments. In order to satisfy the ITU requirements [1] in all test environments, we evaluate the performance of multi-user (MU)-MIMO with inter-cell coordination as an LTE-Advanced feature in addition to the Rel. 8 LTE techniques.
2. Simulation Assumptions
2.1. Simulation Assumptions and Overheads
We follow the simulation assumptions of the ITU test environments provided in [2]. Additional simulation assumptions for the Rel. 8 LTE and LTE-Advanced (MU-MIMO with inter-cell coordination) are given in Table 1.
Table 1 – Simulation assumptions for Rel. 8 LTE and LTE-Advanced in downlink
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The overheads assumed in this downlink evaluation are calculated as follows.
· Rel. 8 LTE (4x2 SU-MIMO)

Xtotal = XCRS + XPDCCH = 0.2381
(XCRS = 16 / 12 / 14 = 0.09524, XPDCCH = 2 / 14 = 0.1429)

· LTE-Advanced (4x2 MU-MIMO with inter-cell coordination)

Xtotal = XCRS + XDRS + XPDCCH = 0.2286
(XCRS = 6 x 4 / 12 / 10 / 14 = 0.01429, XDRS = 12 / 12 / 14 = 0.07143, XPDCCH = 2 / 14 = 0.1429)

2.2. Simulation Assumptions for MU-MIMO with Inter-cell Coordination
In this evaluation of the MU-MIMO with inter-cell coordination, we used the following simulation assumptions.
· Information available at the eNB

· Long-term wideband covariance matrices for all UEs (following the way forward in [3])
· Reported frequency-selective CQI for UEs within the cell. In the CQI,
· The beamforming gain that can be derived from the long-term covariance matrix is included

· Interference caused by MU-MIMO, i.e., from the signals of other UEs within the same cell, is not included
· Scheduling
· Iterative user allocation using CQI offset considering beamforming for uses already allocated (similar approach to [4])

· Allocate up to two users per cell

· Beamforming weights
· MMSE using long-term wideband covariance matrices
· Adaptive modulation and coding (AMC)
· Modulation and coding scheme (MCS) determined after deriving the beamforming weights (considering gain and interference)
3. Simulation Results
3.1. InH
Figures 1(a) and 1(b) show the cumulative distribution function (CDF) of the user throughput in an InH test environment employing uncorrelated co-polarized antennas and correlated co-polarized antennas at the eNB, respectively. In Table 2, we summarize the results of the cell spectral efficiency and the cell-edge user spectral efficiency. Here, we present only the Rel. 8 LTE performance with and without interference rejection combining (IRC) at the UE since they satisfy the requirement.
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(a) Uncorrelated co-polarized antenna at eNB             (b) Correlated co-polarized antenna at eNB

Figure 1 – CDF of user throughput in InH test environment
Table 2 – Cell spectral efficiency and cell-edge user throughput in InH test environment
(number in ( ) represents performance with ideal channel estimation)
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3.2. UMi
Figures 2(a) and 2(b) show the CDF of the user throughput in a 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 and the cell-edge user spectral efficiency. We present the LTE-Advanced performance since the Rel. 8 LTE techniques do not satisfy the requirement.
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(a) Uncorrelated co-polarized antenna at eNB             (b) Correlated co-polarized antenna at eNB
Figure 2 – CDF of user throughput in UMi test environment
Table 3 – Cell spectral efficiency and cell-edge user throughput 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 a 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 and the cell-edge user spectral efficiency. We present the LTE-Advanced performance since the Rel. 8 LTE techniques do not satisfy the requirement.
[image: image8.emf]0

0.2

0.4

0.6

0.8

1

0 0.2 0.4 0.6 0.8 1

CDF

Normalized user throughput (bps/Hz)

Rel. 8 LTE

(4x2 SU-MIMO)

w/o IRC

w/ IRC

UMa

Uncorrelated co-polarized

Non-ideal channel estimation

 [image: image9.emf]0

0.2

0.4

0.6

0.8

1

0 0.2 0.4 0.6 0.8 1

CDF

Normalized user throughput (bps/Hz)

Rel. 8 LTE

(4x2 SU-MIMO)

w/o IRC

w/ IRC

LTE-A

(4x2 MU-MIMO)

w/ IRC

UMa

Correlated co-polarized

Non-ideal channel estimation


(a) Uncorrelated co-polarized antenna at eNB             (b) Correlated co-polarized antenna at eNB

Figure 3 – CDF of user throughput in UMa test environment

Table 4 – Cell spectral efficiency and cell-edge user throughput 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 an 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 and the cell-edge user spectral efficiency. We present only the Rel. 8 LTE performance with and without IRC at the UE since they satisfy the requirement.
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(a) Uncorrelated co-polarized antenna at eNB             (b) Correlated co-polarized antenna at eNB
Figure 4 – CDF of user throughput in RMa test environment

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

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

This contribution presented our simulation results of the downlink spectrum efficiency and cell-edge user throughput for the Rel. 8 LTE and LTE-Advanced in the ITU test environments. We confirmed that the Rel. 8 LTE satisfies the ITU requirements in the InH and RMa test environments irrespective of the use of IRC reception at the UE. However, we showed that it is necessary to introduce LTE-Advanced techniques in order to satisfy the requirements in the UMi and UMa test environments. In this contribution, we achieved the requirements by employing MU-MIMO with inter-cell coordination. Additionally, we note that the loss of non-ideal channel estimation was approximately 5% in the downlink.
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