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1 Introduction
This contribution presents system performance results of LTE in the 3GPP Case 1 scenario (specified in TR 36.814 [1]) to compare with the LTE-Advanced (LTE-A) spectral efficiency targets listed in TR 36.913 [2], where LTE performance is evaluated for different antenna spacing at the eNB, e.g., 4 wavelengths (for uncorrelated antenna configurations) and 0.5 wavelengths (for correlated antenna configurations).  From the simulation results, we observe that the LTE Rel.8 downlink can achieve the LTE-A targets for 2x2 and 4x2 antenna configurations while LTE Rel.8 uplink can fulfil the targets for all the antenna configurations.
2 System-level simulation model
LTE system-level performance is evaluated under the assumptions shown in Table 1.
Table 1. Simulation assumptions

	Parameters
	Description

	
	

	Deployment scenario 
	3GPP Case 1 (CF: 2 GHz, ISD: 500 m, PLoss: 20 dB, Speed: 3 km/h)

	Duplex method and bandwidths 
	FDD: downlink 10MHz + uplink 10MHz

	Downlink transmission scheme 
	MIMO closed loop spatial multiplexing (transmission mode 4): 
2x2 / 4x2 / 4x4 SU-MIMO

	Downlink scheduler 
	Proportional fairness

	Downlink link adaptation 
	Frequency selective PMI / CQI report with 5ms periodicity and 3 RB granularity, subband 4-bit CQI 

	Downlink HARQ scheme 
	Chase combining, non-adaptive, asynchronous

	Downlink receiver type 
	MMSE

	Uplink transmission scheme 
	1x2 / 1x4 SIMO without MU-MIMO

	Uplink scheduler 
	Channel dependent 

	Uplink Power control 
	Fractional power control: alpha = 0.8, P0 fitted to the environment (Target average IoT = 10dB)

	Uplink link adaptation 
	Non-ideal based on delayed SRS-based measurements: MCS based on LTE transport formats and SRS period and bandwidths according to TS36.213

	Uplink HARQ scheme 
	Incremental redundancy

	Uplink receiver type
	MMSE

	BS antenna pattern
	3-Dimensional antenna pattern according to TR 36.814[1], with default tilt of 15 degrees.

	BS antenna configuration
	(A) uncorrelated co-polarized: 4 wavelengths between antennas
(C) correlated co-polarized: 0.5 wavelengths between antennas

	UE antenna configuration
	Vertically polarized antennas with 0.5 wavelengths separation at UE

	Channel estimation
	Ideal

	Control channel and reference signal overhead, Acknowledgements etc.
	For downlink with 2 / 4 transmit antennas, 28.57% / 30.95% overhead
· 3 OFDM symbols for PDCCH per subframe
· 2 / 4 sets of CRS REs counted in the PDSCH region

For uplink, 21.14% overhead

·  4 RBs for ACK/NAK, CQI, PMI per subframe
· 2 OFDM symbols for DMRSs per subframe

	Feedback and control channel errors
	None


3 System-level performance results 
3.1 Downlink performance
LTE Rel.8 downlink results shown in Tables 2 and 3 are somewhat optimized with the proportional fairness scheduling parameter in order to meet both targets of cell spectral efficiency and cell edge user spectral efficiency. The simulation results demonstrate that the LTE-A targets for 2x2 antenna configuration can be satisfied in both uncorrelated and correlated cases, and the targets for  4x2 antenna configuration can be met in the correlated case only. However, the targets for 4x4 antenna configuration can not be fulfilled in both cases.
Table 2. LTE downlink performance and LTE-A targets of cell spectral efficiency
	Antenna configuration
	Targets for LTE-A
(bps/Hz/cell)
	LTE Rel.8 SU-MIMO

	
	
	(A) uncorrelated
15 deg AS
	(C) correlated
8 deg AS

	2 x 2
	2.4
	2.4336
	2.4487 

	4 x 2
	2.6
	2.5868 
	2.6603 

	4 x 4
	3.7
	3.5308
	3.4345 


Table 3. LTE downlink performance and LTE-A targets of cell edge user spectral efficiency
	Antenna configuration
	Targets for LTE-A
(bps/Hz/cell)
	LTE Rel.8 SU-MIMO

	
	
	(A) uncorrelated
15 deg AS
	(C) correlated
8 deg AS

	2 x 2
	0.07
	0.0817
	0.0860 

	4 x 2
	0.09
	0.0823 
	0.0954 

	4 x 4
	0.12
	0.1091
	0.1267 


3.2 Uplink performance
LTE Rel.8 uplink results are shown in Tables 4 and 5, where the results for 1x4 antenna configuration are listed to compare with the targets for 2x4 antenna configuration. The simulation results illustrate that the LTE-A targets can be met for all the antenna configurations.
IoT results for 1x2 and 1x4 antenna configurations are 6.7 dB and 7.3 dB, respectively.
Table 4. LTE uplink performance and LTE-A targets of cell spectral efficiency
	Antenna configuration
	Targets for LTE-A
(bps/Hz/cell)
	LTE Rel.8 SIMO

	
	
	(A) uncorrelated
15 deg AS
	(C) correlated
8 deg AS

	1 x 2
	1.2
	1.37
	1.398

	1 x 4
	-
	2.03
	2.15

	2 x 4
	2.0
	-
	-


Table 5. LTE uplink performance and LTE-A targets of cell edge user spectral efficiency 
	Antenna configuration
	Targets for LTE-A
(bps/Hz/cell)
	LTE Rel.8 SIMO

	
	
	(A) uncorrelated
15 deg AS
	(C) correlated
8 deg AS

	1 x 2
	0.04
	0.051
	0.0531

	1 x 4
	-
	0.083
	0.088

	2 x 4
	0.07
	-
	-


4 Conclusion

In the 3GPP Case 1 scenario with the 3D antenna pattern, all the LTE-A targets for uplink are achieved by LTE Rel.8, whereas some of the targets for downlink can not be fulfilled by LTE Rel.8, especially for 4x4 antenna configuration.
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