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1 Introduction
This contribution presents preliminary results of LTE and LTE-A system-level performance in ITU-R deployment scenarios (e.g., indoor hotspot, urban micro-cell, urban macro-cell, and rural macro-cell). In the following evaluation study, CoMP joint transmission with SU-MIMO is adopted with 2-by-2 antenna configuration for the LTE-A downlink and codebook-based precoded MIMO transmission with SU-MIMO is considered for 2-by-4 antenna configuration of the LTE-A uplink.
From the preliminary results, we observe that the downlink baseline using SU-MIMO with 4-by-2 antenna configuration can achieve the IMT-advanced requirements for indoor hotspot and rural macro-cell environments while the uplink baseline with 1-by-4 antenna configuration can attain the requirements for all the environments.
2 System-level simulation model
LTE and LTE-A system-level performance is evaluated under the assumptions shown in Table I which are aligned with the guidelines provided by ITU [1]. 
For LTE downlink simulations, we use codebook-based precoded adaptive rank MIMO provided in LTE Rel. 8 [2].  For LTE-A downlink simulations, we consider CoMP joint transmission with SU-MIMO in 2-by-2 antenna configuration at each cell under the assumption of the UE-specific CoMP measurement set, where 2 candidate cells for CoMP are defined. In order to build the UE-specific CoMP measurement cells, the following geometry-based criterion is employed:
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 denote the geometries of UE i for the serving cell and the k-th interfering cell, respectively, and 
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 is the threshold to determine which interfering cell is involved in a CoMP measurement set. Also, we consider the additional feedback of phase correction information for coherent joint transmission across multiple cells.
For LTE uplink simulations, we follow the basic LTE Rel.8 configuration. In the case of LTE-A uplink, SU-MIMO in 2-by-4 antenna configuration is assumed and the codebook for downlink transmission provided in LTE Rel.8 is reused for MIMO transmission to obtain preliminary performance results of LTE-A uplink in ITU-R channels.
Table 1. Simulation assumptions

	Parameters
	Value

	Duplex
	FDD

	Bandwidth
	DL:10MHz, UL:10MHz

	Number of cells
	57 cells for all downlink and uplink, including DL CoMP with 
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	Scheduler
	RR for uplink 1x2

PF for all other cases

	Downlink transmission scheme
	DL  SU-MIMO

Codebook based

	Antenna configuration
	DL: 2x2, 4x2
UL: 1x2, 1x4, 2x4

Configuration (a) in baseline for eNB side
Vertical polarized and 0.5 wavelength separation for UE side

	Receiver Type
	MMSE

	Uplink power control
	No Fractional power control, alpha=1.0, Target IoT = 13dB

	HARQ
	DL: CC, UL: IR

	Link adaptation
	Delayed feedback

	Channel estimation
	Ideal

	Feedback
	No feedback error

	Control overhead
	DL: 3 symbols for DL control region, RS overhead (antenna port 0~3)
UL: 6 RBs for UL control region, 2 symbols for DMRS, 1 symbol for SRS per  5msec

	MCS
	Code rates are selected based on TR36.213 transport block sizes


3 System-level performance results
LTE downlink results shown in Tables 2 and 3 demonstrate that the IMT-advanced requirements for urban micro and urban macro environments can not be satisfied with 4-by-2 antenna configuration which is the downlink baseline. 2-by-2 antenna configuration in LTE downlink is considered to compare single cell transmission with CoMP joint transmission. In comparing the results between LTE and LTE-A, 6.5% cell spectral efficiency and 35.8% cell edge user spectral efficiency gains are attained in the urban micro environment, and 18.3% cell spectral efficiency and 38% cell edge user spectral efficiency gains are achieved in the urban macro environment.
In LTE uplink cases, the IMT-advanced requirements can be met with 1-by-4 antenna configuration which is the uplink baseline. 
Table 2. LTE and LTE-A downlink performance and ITU-R requirements of cell spectral efficiency

	Minimum requirements
	Scenario
	Required Value

(bits/Hz/Cell)
	Antenna configuration

	
	
	
	LTE

2x2
	LTE

4x2
	LTE-A

2x2 CoMP

	Cell spectral efficiency
	InH
	3
	3.93
	4.01
	-

	
	UMi
	2.6
	1.80
	1.85
	1.918

	
	UMa
	2.2
	1.53
	1.6
	1.81

	
	RMa
	1.1
	1.51
	1.64
	-


Table 3. LTE and LTE-A downlink performance and ITU-R requirements of cell edge user spectral efficiency
	Minimum requirements
	Scenario
	Required Value

(bits/Hz)
	Antenna configuration

	
	
	
	LTE

2x2
	LTE

4x2
	LTE-A

2x2 CoMP

	Cell edge user efficiency
	InH
	0.1
	0.119
	0.122
	-

	
	UMi
	0.075
	0.053
	0.067
	0.072

	
	UMa
	0.06
	0.05
	0.055
	0.069

	
	RMa
	0.04
	0.05
	0.066
	-


Table 4. LTE and LTE-A uplink performance and ITU-R requirements of cell spectral efficiency

	Minimum requirements
	Scenario
	Required Value

(bits/Hz/Cell)
	Antenna configuration

	
	
	
	LTE

1x2
	LTE

1x4
	LTE-A

2x4

	Cell spectral efficiency
	InH
	2.25
	1.84
	3.36
	3.9

	
	UMi
	1.8
	0.92
	1.96
	2.22

	
	UMa
	1.4
	0.7
	1.72
	2.23

	
	RMa
	0.7
	0.85
	1.86
	2.49


Table 5. LTE and LTE-A uplink performance and ITU-R requirements of cell edge user spectral efficiency
	Minimum requirements
	Scenario
	Required Value

(bits/Hz)
	Antenna configuration

	
	
	
	LTE

1x2
	LTE

1x4
	LTE-A

2x4

	Cell edge user efficiency
	InH
	0.07
	0.093
	0.236
	0.241

	
	UMi
	0.05
	0.034
	0.070
	0.079

	
	UMa
	0.03
	0.024
	0.085
	0.087

	
	RMa
	0.015
	0.038
	0.089
	0.101


4 Discussion and Conclusion

For uplink, all the ITU requirements are achieved by LTE Rel.8. On the other hand, some of the requirements for downlink can not be fulfilled, especially in urban micro and urban macro environments. Hence, LTE-A downlink should be improved to satisfy the requirements. We have observed the CoMP gain in 2-by-2 antenna configuration even with the limied size of CoMP measurement set, which is 2. Thus, it would be expected to attain more potential gain from CoMP joint transmission by increasing the number of antennas and CoMP measurement set size. However, the CoMP gain in term of average cell spectral efficiency may be marginal for SU-MIMO transmission and challenging to fulfill the ITU requirements. CoMP joint transmission with MU-MIMO needs to be studied to improve both average cell spectral efficiency and cell-edge user throughput.
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