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1. Introduction
The agreed upon requirements for the downlink E-UTRA demand 3-4x increase in the average user throughput and spectral efficiency relative to the Release 6 systems [1]. 
In this contribution, we compare the average user throughput and spectral efficiency of the 1x2 Rel.6 HSDPA with Rake receiver and the 2x2 E-UTRA OFDMA based on the assumptions in [2], both with 5MHz system bandwidth. Three environments are simulated: macro-cellular with 0.5km and 1.732km ISD, and micro-cellular with 0.13km ISD. We demonstrate that with 2x2 MIMO, E-UTRA can closely approach the 3-4x average user throughput and spectral efficiency requirements with 2-3x higher cell-edge throughput. 
2. Simulation Setup and Assumptions
The agreed OFDMA link level numerology in [2] is applied for the E-UTRA. The Rel.6 and E-UTRA specific assumptions are based on Appendix A of [2]. Additional simulation assumptions are given in Table 1. Real channel estimation is used based on the pilot pattern depicted in Figure 2 (see [3]). The system-level parameters are given in Table 2. The effective SNR is calculated using the EESM method and used for PER calculation. The following schemes are compared:

1. 1x2 Rel.6 HSDPA with Rake receiver
2. 2x2 per-antenna rate control (PARC) for E-UTRA OFDMA with MMSE-SIC receiver and rank adaptation (rank 1 is antenna selection)
3. Simulation Results 
The average sector throughput, average user throughput, and 5% user (cell-edge) throughput are given in Tables 3, 4, and 5, respectively. The spectral efficiency can be derived from the average sector throughput by normalizing it with the system bandwidth. 

The following can be observed from the results:

· With 2x2 MIMO, E-UTRA can closely approach the 3-4x average user throughput and spectral efficiency requirements. Note that the results assume 5MHz bandwidth for both Rel.6 and E-UTRA. With 10MHz bandwidth for the E-UTRA, we expect that the gain in spectral efficiency is higher due to frequency scheduling.

· The corresponding gain in cell-edge throughput is 2-3x. Since interference mitigation technique can offer 2-3x gain in cell-edge throughput by itself [4], the gain in cell-edge throughput due to MIMO can be traded-off with higher spectral efficiency by judicious choices of fairness factor (exponent) in the proportional fair scheduler. Hence, we expect that the 3-4x targets in spectral efficiency and 2-3x targets in cell-edge throughput can be met simultaneously when 2x2 MIMO is used in conjunction to interference mitigation.

· The gain in spectral efficiency increases as the cell size is reduced. This is expected as the geometry distribution improves as the cell size decreases.
	Parameter
	Assumption

	Bandwidth
	5 MHz for Rel.6
5 MHz  For E-UTRA

	Channel Models
	ISD=1.732km: SCM Urban Macro [3]
ISD=0.5km: SCM Urban Micro [3]

ISD=0.13m: Link level SCM-III [3]

	UE speed
	3 kmph

	Channel estimation
	Perfect (for both Rel.6 and E-UTRA)

	2x2 MIMO detector
	MMSE-SIC

	Resource Block Bandwidth
	375 kHz 

	MCS (coding scheme is 3GPP Turbo) with target PER = 10%
	QPSK: rate ¼, ½, ¾ 
16QAM: rate ½, ¾  

64QAM: rate 5/8, ¾  

	CQI feedback delay
	2 TTIs

	Scheduling 
	Proportional Fair.
Same MCS used for one stream across chunks for each scheduled user.

	Number of users per sector
	20

	HARQ Feedback Delay
	8 TTIs. Error-free ACK/NACK assumed

	Max Number of HARQ Retransmissions
	3


Table 1: Simulation Assumptions for Coverage Evaluation
	Parameter
	Macro-cell
	Micro-cell

	Cellular layout
	Hexagonal grid, 19 cell sites, 3 sectors per site
	Hexagonal grid, 19 cell sites, 1 sector per site

	Minimum distance between UE and cell site
	35 m
	10m

	Site-to-site distance
	0.5 km, 1.732 km [4]
	0.13 km

	Antenna pattern
	70-degree sectored beam, 20dB sidelobe
	Omni-directional

	Total BS Tx power
	43 dBm
	38 dBm

	Distance dependent path loss
	128.1 + 37.6log10(d)
	Outdoor-to-outdoor [2]

	Penetration loss
	20 dB
	n/a

	Shadowing standard deviation
	8 dB
	10dB

	Shadowing correlation between cells / sectors
	0.5 / 1.0
	0


Table 2: System Simulation Parameters per [2]
Table 3: Average sector throughput and spectral efficiency
	Scenario
	1x2 Rel.6 HSDPA

Rake receiver

5 MHz
	2x2 E-UTRA PARC 

MMSE-SIC receiver

5 MHz
	Spectral efficiency gain of 2x2 E-UTRA over 1x2 Rel.6

	
	
	
	

	Macro ISD=1.732km
	2.66 Mbps, 0.53 bps/Hz
	7.03 Mbps, 1.41 bps/Hz
	2.64

	Macro ISD=0.5km
	5.03 Mbps, 1.01 bps/Hz
	13.60 Mbps, 2.72 bps/Hz
	2.70

	Micro ISD=0.13km
	7.70 Mbps, 1.54 bps/Hz
	22.40 Mbps, 4.48 bps/Hz
	2.91


Table 4: Average user throughput
	Scenario
	1x2 Rel.6 HSDPA

Rake receiver

5 MHz
	2x2 E-UTRA PARC 

MMSE-SIC receiver

5 MHz
	Gain (per Hz) of 2x2 E-UTRA over 1x2 Rel.6

	
	
	
	

	Macro ISD=1.732km
	0.19 Mbps
	0.50 Mbps
	2.64

	Macro ISD=0.5km
	0.41 Mbps
	1.1 Mbps
	2.77

	Micro ISD=0.13km
	0.38 Mbps
	1.1 Mbps
	2.92


Table 5: 5% user (cell-edge) throughput
	Scenario
	1x2 Rel.6 HSDPA

Rake receiver

5 MHz
	2x2 E-UTRA PARC 

MMSE-SIC receiver

5 MHz
	Gain (per Hz) of 2x2 E-UTRA over 1x2 Rel.6

	
	
	
	

	Macro ISD=0.5km
	99.8 Kbps
	315.3 Kbps
	3.16

	Micro ISD=0.13km
	157.4 Kbps
	359.1 Kbps
	2.28


3. Conclusions
In this contribution, we compare the average user throughput and spectral efficiency of the 1x2 Rel.6 HSDPA and the 2x2 E-UTRA OFDMA system based on the assumptions in [2]. Three environments are simulated: macro-cellular with 0.5km and 1.732km ISD, and micro-cellular with 0.13km ISD. 
We demonstrate that with 2x2 MIMO, E-UTRA can closely approach the 3-4x average user throughput and spectral efficiency requirements with 2-3x higher cell-edge throughput. However, since interference mitigation technique can offer 2-3x gain in cell-edge throughput by itself [4], the gain in cell-edge throughput due to MIMO can be traded-off with higher spectral efficiency by judicious choices of fairness factor in the proportional fair scheduler. Also, our results assume 5MHz bandwidth for both Rel.6 and E-UTRA. Higher gain in spectral efficiency is expected for the E-UTRA with 10MHz. Therefore, we expect that the 3-4x targets in spectral efficiency and 2-3x targets in cell-edge throughput can be simultaneously met when 2x2 MIMO is used in conjunction to interference mitigation.
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