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1. Introduction

This contribution summarizes the performance of DL best effort for LTE with different antenna configurations ranging from SIMO (1x2 and 1x4) to SU-MIMO (2x2, 4x2 and 4x4) and MU-MIMO (2x2 and 4x4). The performance is compared (when available) with that obtained for the reference Rel6 i.e. Type I receiver.  

The companion presentation contains all the simulation assumptions and the detailed performance plots. Special attention has been paid to model adequately the control channels overhead and more details are provided in the companion presentation. 
2. Results

In order to make the results for SU-MIMO and MU-MIMO comparable all the simulations assume 20 UEs/cell. 

Table 1 shows the DL best-effort performance for D1. 

	Metric
	2a) Avg cell throughput and spectrum efficiency (x Rel 6)
	2b) Avg user throughput and spectrum efficiency 
	2c) Cell-edge user throughput and spectrum efficiency

	Rel 6 (5MHz)
	3.05 Mbps
	0.152 Mbps,
	0.070 Mbps,

	
	0.61 bps/Hz/cell (1.0)
	0.03 bps/Hz/user (1.0)
	0.014 bps/Hz/user (1.0)

	E-UTRA baseline
	15.35 Mbps
	0.767 Mbps,
	0.212 Mbps,

	SIMO (1x2)
	1.53 bps/Hz/cell  (2.6)
	0.077 bps/Hz/user (2.6)
	0.021 bps/Hz/user (1.5)

	E-UTRA
	20.43 Mbps
	1.021 Mbps,
	0.38 Mbps,

	SIMO (1x4)
	2.04 bps/Hz/cell  (3.4)
	0.102 bps/Hz/user (3.4)
	0.038 bps/Hz/user (2.7)

	E-UTRA baseline
	15.64 Mbps
	0.782 Mbps,
	0.218 Mbps,

	SU-MIMO (2x2)
	1.56 bps/Hz/cell  (2.6)
	0.078 bps/Hz/user (2.6)
	0.022 bps/Hz/user (1.6)

	E-UTRA baseline
	16.20 Mbps
	0.810 Mbps,
	0.203 Mbps,

	MU-MIMO (2x2)
	1.62 bps/Hz/cell  (2.7)
	0.081 bps/Hz/user (2.7)
	0.020 bps/Hz/user (1.4)

	E-UTRA baseline
	20.85 Mbps
	1.042 Mbps,
	0.232 Mbps,

	MU-MIMO (2x2)
	2.08 bps/Hz/cell  (3.4)
	0.104 bps/Hz/user (3.4)
	0.023 bps/Hz/user (1.6)

	E-UTRA
	14.77 Mbps
	0.738 Mbps,
	0.214 Mbps,

	SU-MIMO (4x2)
	1.48 bps/Hz/cell  (2.4)
	0.074 bps/Hz/user (2.4)
	0.021 bps/Hz/user (1.4)

	E-UTRA
	23.65 Mbps
	1.182 Mbps,
	0.339 Mbps,

	SU-MIMO (4x4)
	2.365 bps/Hz/cell  (3.9)
	0.118 bps/Hz/user (3.9)
	0.034 bps/Hz/user (2.4)

	E-UTRA
	25.71 Mbps
	1.285 Mbps,
	0.306 Mbps,

	MU-MIMO (4x4)
	2.57 bps/Hz/cell  (4.3)
	0.128 bps/Hz/user (4.3)
	0.031 bps/Hz/user (2.2)

	E-UTRA
	39.42 Mbps
	1.971 Mbps,
	0.455 Mbps,

	MU-MIMO (4x4)
	3.942 bps/Hz/cell  (6.6)
	0.197 bps/Hz/user (6.6)
	0.045 bps/Hz/user (3.2)


Table 1. DL BE Performance – D1

Table 2 shows the DL best-effort performance for D3.

	Metric
	2a) Avg cell throughput and spectrum efficiency (x Rel 6)
	2b) Avg user throughput and spectrum efficiency 
	2c) Cell-edge user throughput and spectrum efficiency

	Rel 6 (5MHz)
	3.06 Mbps
	0.153 Mbps,
	0.074 Mbps,

	
	0.61 bps/Hz/cell (1.0)
	0.03 bps/Hz/user (1.0)
	0.015 bps/Hz/user (1.0)

	E-UTRA baseline
	14.79 Mbps
	0.739 Mbps,
	0.196 Mbps,

	SIMO (1x2)
	1.48 bps/Hz/cell  (2.4)
	0.074 bps/Hz/user (2.4)
	0.020 bps/Hz/user (1.33)

	E-UTRA baseline
	15.23 Mbps
	0.761 Mbps,
	0.205 Mbps,

	SU-MIMO (1x2)
	1.52 bps/Hz/cell  (2.5)
	0.076 bps/Hz/user (2.5)
	0.020 bps/Hz/user (1.33)

	E-UTRA baseline
	15.71 Mbps
	0.785 Mbps,
	0.185 Mbps,

	MU-MIMO (2x2)
	1.57 bps/Hz/cell  (2.6)
	0.078 bps/Hz/user (2.6)
	0.018 bps/Hz/user (1.2)

	E-UTRA baseline
	20.21 Mbps
	1.01 Mbps,
	0.212 Mbps,

	MU-MIMO (2x2)
	2.02 bps/Hz/cell  (3.3)
	0.10 bps/Hz/user (3.3)
	0.021 bps/Hz/user (1.4)


Table 2. DL BE Performance – D3

Table 3 shows the DL best-effort performance for D2.

	Metric
	2a) Avg cell throughput and spectrum efficiency (x Rel 6)
	2b) Avg user throughput and spectrum efficiency 
	2c) Cell-edge user throughput and spectrum efficiency

	Rel 6 (5MHz)
	Not available
	Not available
	Not available

	
	 
	 
	 

	E-UTRA baseline
	12.52 Mbps
	0.626 Mbps,
	0.129 Mbps,

	SIMO (1x2)
	1.25 bps/Hz/cell
	0.063 bps/Hz/user 
	0.013 bps/Hz/user

	E-UTRA baseline
	12.27 Mbps
	0.613 Mbps,
	0.148 Mbps,

	SU-MIMO (1x2)
	1.23 bps/Hz/cell
	0.061 bps/Hz/user
	0.015 bps/Hz/user

	E-UTRA baseline
	10.61 Mbps
	0.531 Mbps,
	0.117 Mbps,

	MU-MIMO (2x2)
	1.06 bps/Hz/cell
	0.053 bps/Hz/user
	0.012 bps/Hz/user

	E-UTRA baseline
	15.97 Mbps
	0.798 Mbps,
	0.127 Mbps,

	MU-MIMO (2x2)
	1.60 bps/Hz/cell
	0.08 bps/Hz/user
	0.013 bps/Hz/user


Table 3. DL BE Performance – D2
Table 4 shows the DL best-effort performance for D4.

	Metric
	2a) Avg cell throughput and spectrum efficiency (x Rel 6)
	2b) Avg user throughput and spectrum efficiency 
	2c) Cell-edge user throughput and spectrum efficiency

	Rel 6 (5MHz)
	Not available
	Not available
	Not available

	
	 
	 
	 

	E-UTRA baseline
	1.46 Mbps
	0.073 Mbps,
	0.0178 Mbps,

	SIMO (1x2)
	1.17 bps/Hz/cell 
	0.058 bps/Hz/user
	0.014 bps/Hz/user

	E-UTRA baseline
	1.57 Mbps
	0.078 Mbps,
	0.021 Mbps,

	SU-MIMO (1x2)
	1.26 bps/Hz/cell 
	0.063 bps/Hz/user
	0.017 bps/Hz/user

	E-UTRA baseline
	1.38 Mbps
	0.069 Mbps,
	0.016 Mbps,

	MU-MIMO (2x2)
	1.10 bps/Hz/cell
	0.055 bps/Hz/user
	0.013 bps/Hz/user

	E-UTRA baseline
	1.48 Mbps
	0.074 Mbps,
	0.0176 Mbps,

	MU-MIMO (2x2)
	1.19 bps/Hz/cell
	0.059 bps/Hz/user
	0.014 bps/Hz/user


Table 4. DL BE Performance – D2
Note: MU-MIMO (2x2) assumes degraded UL performance - can be improved by having n > 3, where n is the number of OFDM symbols dedicated to PDCCH transmission. 

3. Conclusions
As can be seen from the summary of results in section 2, in order to meet all the performance targets (3-4x average user throughput, 2-3x cell edge user throughput, 3-4x higher spectral efficiency) for D1, it is necessary to resort to 4 rx antennas at the UE.

For the other deployment scenarios, performance with 4 rx antennas has not been generated due to lack of time. Note that the three performance requirements cannot be satisfied at the same time with just 2 receive antennas at the UE for the D3 scenario.  
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