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1. Introduction

The major carrier frequency (CF) operated in LTE is 2.0GHz [1]. In LTE-advanced, the CF bands which may operate in spectrum of different size capably allocated are much wider in order to achieve target peak data rate up to 100MHz [2]. When the CF becomes large, in general, the system performance may be severely degraded due to the increased Doppler frequency and path-loss.
To clarify the impact by increasing the CF in advanced E-UTRA, our focus in this contribution is on the down-link (DL) performance evaluation comparison between 2.0GHz and 3.5GHz by means of a system level simulation. The intention of this work is to reveal the system level results and provide some solid justifications whereby the advanced E-UTRA design may be sophisticatedly developed within the limited time frame.
2. System Level Simulation Summary
To simplify our discussion, this section summaries the system level performance under the antenna configurations of 1x2 and 2x2 with single-user (SU) MIMO and multi-user (MU) MIMO
. The detailed information associated with system level simulation assumptions, link to system mapping MCS table, system level results are elaborated in the appendix 3.
Table 1 and Table 2 briefly summary the system performance results in terms of sector aggregated throughput and cell coverage with 5%tile outage requirement for 2.0GHz and 3.5GHz band, respectively.
Table 1: Comparison results in terms of sector aggregated throughput and cell coverage for simulation case-1 and case-3 in 2.0GHz band.
	Simulation Case
	Antenna Configuration
	Aggregated Sector Throughput (bps/Hz)
	User Coverage  (bps/Hz)

	1
	1×2
	1.49735
	0.055525

	3
	
	1.44228
	0.043

	1
	2×2

SM, SU
	1.5066
	0.044775

	3
	
	1.44485
	0.0335

	1
	2×2

SM, MU
	1.62908
	0.051025

	3
	
	1.57308
	0.0395


Table 2: Comparison results in terms of sector aggregated throughput and cell coverage for simulation case-1 and case-3 in 3.5GHz band.
	Simulation Case
	Antenna Configuration
	Aggregated Sector Throughput (bps/Hz)
	User Coverage  (bps/Hz)

	1
	1×2
	1.4009
	0.0508

	3
	
	1.270
	0.0396

	1
	2×2

SM, SU
	1.40295
	0.041

	3
	
	1.25654
	0.030525

	1
	2×2

SM, MU
	1.49332
	0.0455

	3
	
	1.34789
	0.034575


The tendency of degradation due to the increased CF from 2GHz to 3.5GHz is summarized in Table 3.

Table 3: Degradation tendency from 2GHz band to 3.5GHz band.
	Simulation Case
	Aggregated Sector Throughput (bps/Hz)
	User Coverage  (bps/Hz)

	1
	7~9%
	13~17%

	3
	7~9%
	8~14%


3. Appendix: System Level Simulation Details
The detailed simulation assumptions, link to system mapping MCS table, and elaborated simulation results are described in what follows.
3.1. Simulation Assumptions

The system level simulation assumptions are referred to [1] with simulation case-1 and case-3 (see Table 4) in which the CF, inter-site distance (ISD), operating bandwidth (BW), penetration loss (PLoss), UE speed, and channel model are specified.
Table 4: UTRA and EUTRA simulation case minimum set.

	Simulation
	CF
	ISD
	BW
	PLoss
	Speed
	Channel

	Cases
	(GHz)
	(meters)
	(MHz)
	(dB)
	(km/h)
	Model

	1
	2.0 and 3.5
	500
	10
	20
	3
	TU

	3
	2.0 and 3.5
	1732
	10
	20
	3
	TU


The system level simulation focuses on the down-link with the detailed assumptions listed in Table 5.
Table 5: System Level Simulation Assumptions.

	Number of Cells
	19

	Number of Sectors per Cell
	3

	Number of UEs per sector
	10

	Antenna Configuration
	1x2 and 2x2

	Transmit Antenna Correlation
	0.3 (Corresponding 10λ Spacing)

	Receive Antenna Spacing
	0.5λ

	Maximum Retransmission Number
	3

	Centre Frequency
	2 GHz and 3.5GHz

	Transmission Power
	40 Watts (46 dBm)

	Lognormal Shadowing
	8dB

	Noise Figure
	9 dB

	Transmit Antenna Gain
	14 dBi

	Receive Antenna Gain
	0 dBi

	Maximum CIR
	30 dB

	Path-Loss
	128.1+37.6log10(R), R in km for 2GHz
129.6+37.6log10(R), R in km for 3.5GHz

	Scheduler
	Proportional Fair

	Channel Estimation
	Ideal

	Traffic Model
	Full Buffer

	MCS Table
	29 Levels, see Table 6 in section 3.2

	Effective SINR
	Mutual Information Basis [3]

	Overhead
	25% for 1x2, and 28.57 for 2x2

	MCS Feedback Interval
	5msec

	Number of HARQ Process Channel
	8

	Number of RBs per Tx per UE
	10

	Channel Model
	TU

	Bandwidth
	10MHz

	Number of Useful Sub-carriers per Symbol
	600

	FFT Size
	1024

	Receiver Type
	LMMSE


3.2. MCS Table
The MCS format is tabulated in Table 6, with 29 MCS levels considering QPSK, 16QAM and 64QAM, and many different code rates.
Table 6: MCS Format.
	MCS Index
	Modulation
	Code Rate
	MCS Index
	Modulation
	Code Rate

	0
	QPSK
	0.117333333
	15
	16QAM
	0.608

	1
	QPSK
	0.152
	16
	16QAM
	0.64

	2
	QPSK
	0.186666667
	17
	64QAM
	0.426666667

	3
	QPSK
	0.245333333
	18
	64QAM
	0.458666667

	4
	QPSK
	0.298666667
	19
	64QAM
	0.508444444

	5
	QPSK
	0.373333333
	20
	64QAM
	0.551111111

	6
	QPSK
	0.437333333
	21
	64QAM
	0.608

	7
	QPSK
	0.512
	22
	64QAM
	0.643555556

	8
	QPSK
	0.586666667
	23
	64QAM
	0.700444444

	9
	QPSK
	0.661333333
	24
	64QAM
	0.760888889

	10
	16QAM
	0.330666667
	25
	64QAM
	0.803555556

	11
	16QAM
	0.368
	26
	64QAM
	0.871111111

	12
	16QAM
	0.421333333
	27
	64QAM
	0.896

	13
	16QAM
	0.474666667
	28
	64QAM
	0.920888889

	14
	16QAM
	0.544
	
	
	


Figure 1, Figure 2 and Figure 3 show the BLER results as a function of SNR associated with QPSK, 16QAM, and 64QAM, respectively. These MCSs are used for interface between link-level and system level mapping based on mutual information mapping manner.
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Figure 1: MCSs for QPSK.
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Figure 2: MCSs for 16QAM.
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Figure 3: MCSs for 64QAM.
3.3. System Level Simulation Results
Here, we plot the detailed system level simulation results for case-1 and case-3, in terms of Geometry CDF, SINR CDF, User throughput CDF, and User throughput vs. geometry.
Figure 4 illustrates the CDF of geometry, comparing between 2.0GHz and 3.5GHz bands, in two cases.

Figure 5, Figure 6, Figure 7, and Figure 8 show the CDF of SINR pertaining to pilot and selected data sub-carriers, for case1 and case3 in 2GHz band, and case1 and case3 in 3.5GHz band, respectively.
Figure 9, Figure 10, Figure 11, and Figure 12 show the CDF of user throughput, for case1 and case3 in 2GHz band, case1 and case3 in 3.5GHz band, respectively.
In Figure 13, Figure 14, Figure 15, and Figure 16, we utilize the scattering plot manner to intuitively show the user throughput as a function of geometry, for case1 and case3 in 2GHz band, and case1 and case3 in 3.5GHz band, respectively.
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Figure 4: CDF of Geometry for case-1 and case-3 in 2GHz and band 3.5GHz.
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Figure 5: CDF of SINR for case-1 in 2GHz band.
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Figure 6: CDF of SINR for case-3 in 2GHz band.
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Figure 7: CDF of SINR for case-1 in 3.5GHz band.
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Figure 8: CDF of SINR for case-3 in 3.5GHz band.
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Figure 9: CDF of user throughput for case-1 in 2GHz band.
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Figure 10: CDF of user throughput for case-3 in 2GHz band.
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Figure 11: CDF of user throughput for case-1 in 3.5GHz band.
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Figure 12: CDF of user throughput for case-3 in 3.5GHz band.
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Figure 13: User throughput vs. geometry for case-1 in 2GHz band.
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Figure 14: User throughput vs. geometry for case-3 in 2GHz band.
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Figure 15: User throughput vs. geometry for case-1 in 3.5GHz band.

[image: image16.emf]CDF of User Throughput, Case3, 3.5G

0

1000

2000

3000

4000

5000

-9 -6 -3 0 3 6 9 12 15 18

Geometry  (dB)

User Throughput (kbps)

1x2

2x2, SU

2x2, MU

 


Figure 16: User throughput vs. geometry for case-3 in 3.5GHz band.
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� In both SU and MU MIMO, the pre-coding mechanism is not involved.
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