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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].  From the simulation results, we observe that the LTE-A MU-MIMO transmission scheme can achieve the LTE-A DL targets for 2x2, 4x2 and 4x4 antenna configurations and SU-MIMO and IRC reception techniques can satisfy LTE-A UL TDD 1x2 and 2x4 antenna configurations. 
2 System-level simulation model
LTE/LTE-A TDD 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 
	TDD: 20MHz, configuration 1: DL:UL=3:2
Special subframe: DwPTS 11symbol, GP 1 symbol, UpPTS 2 symbol

	Downlink transmission scheme 
	LTE: MIMO closed loop spatial multiplexing (transmission mode 4): 
2x2 SU-MIMO
LTE-A: Dynamic SU/MU-MIMO transmission based on SLNR-based beamforming where rank-1 or 2 transmission for SU-MIMO, 2 co-scheduled UEs with each rank-1 transmission for MU-MIMO

	Downlink scheduler 
	Proportional fairness

	Downlink link adaptation 
	LTE: Non-frequency selective PMI and frequency selective CQI report with 5ms periodicity, 6 RB granularity and 6ms processing delay.

LTE-A: SRS-based CSI at eNB side with 5ms periodicity and 3ms processing delay. 

	Downlink HARQ scheme 
	Incremental redundancy, non-adaptive, asynchronous

	Downlink receiver type 
	MMSE

	Uplink transmission scheme 
	1x2 SIMO / 2x4 with SU-MIMO

	Uplink scheduler 
	Proportional fairness

	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 
	Chase Combining

	Uplink receiver type
	MMSE-IRC

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

	BS antenna configuration
	Rel-8:

DL: (A) uncorrelated co-polarized: 4 wavelengths between antennas
UL: (A) uncorrelated co-polarized: 4 wavelengths between antennas
LTE-A:

DL: (C) uncorrelated co-polarized: 0.5 wavelengths between antennas
UL: (A) uncorrelated co-polarized: 4 wavelengths between antennas

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

	Channel estimation
	Non-ideal

	Control channel and reference signal overhead, Acknowledgements etc.
	Rel-8:

For downlink,
· 3 OFDM symbols for PDCCH per subframe
· 2/4 sets of CRS REs counted in the PDSCH region for 2/4 transmit antennas
For uplink,
·  4 RBs for ACK/NAK, CQI, PMI per subframe/10MHz
· 2 SC-FDMA symbols for DMRSs per subframe
LTE-A: 

For downlink, 

· 3 OFDM symbols for PDCCH per subframe
· 2 sets of CRS REs counted in the PDSCH region
· 12 DM-RS REs per RB

	Feedback and control channel errors
	None

	Spectrum efficiency calculation
	UL spectrum efficiency for TDD = UL throughput / (TDD bandwidth * (14+14+2)/ (14+14+14+14+13)), 
DL spectrum efficiency for TDD = DL throughput / (TDD bandwidth * (14+14+11)/(14+14+14+14+13)),  
GP is not active for both UL and DL; UpPTS is active for UL.


3 System-level performance results 
3.1 Downlink performance
LTE/LTE-A TDD downlink results are shown in Tables 2. The simulation results demonstrate that the LTE-A targets for 2x2 antenna configuration can’t be satisfied with Rel-8 codebook based transmission scheme. And LTE-A MU-MIMO transmission scheme can fulfill the target for all 2x2, 4x2 and 4x4 antenna configuration.
Table 2 LTE/LTE-A TDD downlink performance and LTE-A targets of cell spectral efficiency
	DL Cases
	Ant. Config
	Requirement
	Simulation Results

	Average spectral 
efficiency [bps/Hz/cell]
	2x2,Code-book
	2.4
	2.23

	
	4x2,Code-book
	2.6
	2.46

	
	4x4,Code-book
	3.7
	3.34

	
	2x2,MU-MIMO
	2.4
	2.80

	
	4x2,MU-MIMO
	2.6
	3.68

	
	4x4,MU-MIMO
	3.7
	4.07

	Cell-edge performance
 [bps/Hz]
	2x2,Code-book
	0.07
	0.075

	
	4x2,Code-book
	0.09
	0.087

	
	4x4,Code-book
	0.12
	0.121

	
	2x2, MU-MIMO
	0.07
	0.106

	
	4x2,MU-MIMO
	0.09
	0.150

	
	4x4,MU-MIMO
	0.12
	0.182


3.2 Uplink performance
LTE/LTE-A TDD uplink results are given in Tables 3. The simulation results show that SU-MIMO and IRC reception techniques can satisfy the 3GPP targets for UL TDD 1x2 and 2x4 antenna configurations.
Table 3 LTE/LTE-A TDD uplink performance and LTE-A targets of cell spectral efficiency
	DL Cases
	Ant. Config
	Requirement
	Simulation Results

	Average spectral 
efficiency [bps/Hz/cell]
	1x2
	1.2
	 1.32

	
	2x4
	2.0
	2.33

	Cell-edge performance
 [bps/Hz]
	1x2
	0.04
	0.045

	
	2x4
	0.07
	0.08


IoT results for 1x2 and 2x4 antenna configurations are 2.6 dB and 5.4 dB, respectively.
4 Conclusion

In the 3GPP Case 1 scenario with the 3D antenna pattern, all the LTE-A DL targets can be met with the LTE-A MU-MIMO transmission scheme, and all the LTE-A UL targets can be satisfied with SU-MIMO and IRC reception techniques
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