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1 Introduction
In this document, we evaluate the performance improvement of MIMO applied to HSDPA. For a fair comparison, we have investigated MIMO and non-MIMO schemes using the same simulation assumptions and scenarios. The results are limited to the case of 2 receive antennas for both the MIMO and non-MIMO schemes. The evaluated MIMO scheme is a multi code word (MCW) MIMO scheme without any virtual antenna mapping or selection feature (i.e. PARC, cf. [1]).
2 Simulation Assumptions

The following scenarios are evaluated:

· Number of Rx antennas = 2

· Number of Tx antennas

· Non-MIMO scenario: 1 Tx antenna

· MIMO scenario: 2 Tx antennas

· MIMO scheme

· MCW MIMO without virtual antenna selection (i.e. equivalent to the PARC scheme [1][2])
· Assumes 5 bit CQI feedback per stream

· Receiver architecture (all with perfect channel estimation)

· Linear MMSE for 1x2 and 2x2

· Linear MMSE plus Successive Interference Cancellation for 2x2 SIC

· Proportional fair scheduler

· Two different deployment scenarios

· Scenario I: Fully loaded frequency reuse one network with 10 UEs per sector.
· Scenario II: Higher cell isolation (hot spot scenario) with reduced impact of other cell interference. The C/I distribution effective in this scenario is equivalent to a regular network with about 50% load in neighbouring cells.
Other simulation assumptions are outlined in Table 1.

	Parameter
	Explanation/Assumption

	Cellular layout
	19 Node-B, 3-cell sites

	Number of UEs per sector
	10 UEs 

	Antenna horizontal pattern
	70 deg (-3 dB) with 20 dB front-to-back ratio

	Site to site distance
	2800 m

	Propagation model
	L = 34.5 + 35log10(d),

according SCM Urban Macro in [3]

	CPICH power
	-10 dB

	Other common channels
	-10 dB

	Power allocated to HSDPA transmission, including associated signalling
	Max. 80 % of total cell power

	Slow fading
	Log normal distribution

	Standard deviation of slow fading
	8 dB

	Correlation between sectors
	1.0

	Correlation between sites
	0.5

	Carrier frequency
	2000 MHz

	BS antenna gain
	14 dB

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	Penetration loss
	10 dB

	Thermal noise density
	-174 dBm/Hz

	Fast HARQ scheme
	Incremental redundancy

	Number of retransmissions
	3

	BS total Tx power
	43 dBm

	HSDPA slot length
	2 msec

	MCS feedback delay
	2 TTIs

	MCS selection
	<=10% of the raw BLER

	Number of Rx antennas
	2 

	Specific fast fading model
	Jakes spectrum

	Antenna correlation
	Urban Macro as given in Table 5.1 in [3]

	Intercell interference modelling
	3 strongest interfering cells modelled as mulitpath and spatially correlated processes with RxD

Remaining 53 cells modelled as single path Rayleigh fading

	Speed
	3 km/hr

	Channel delay profile
	As given in [3]

	Interference Cancellation of First Stream onto Second Stream (for the SIC cases)
	Assumed that 80% of the time the whole (100 %) of the first stream waveform is cancelled. No cancellation at all for the remaining 20% of the time.

Conservative modelling to account for failed decoding of the first stream packet.


Table 1: Simulation Assumptions

Keeping all other parameters constant, two deployment scenarios have been simulated.  In Scenario I we consider a fully loaded network with frequency reuse one and 10 HSDPA users per cell per sector for which the transmit buffer is assumed always full. Scenario II is characterized by higher cell isolation (hot spot scenario) with reduced impact of other cell interference The C/I distribution effective in this scenario is equivalent to a regular network with about 50% load in neighbouring cells or could be modelled with an corresponding increase of attenuation of interference from other cells, which is normally the case in hot spot scenarios.
Two different receiver types were taken into account: A linear MMSE architecture and a linear MMSE architecture combined with successive interference cancellations (SIC). Since the intention of this contribution is to give some first insight into what is the potential gain of MIMO in a 2x2 system versus a 1x2 system, we assumed perfect SIC. Furthermore, the degrading impact of channel estimation errors has not been considered in the simulations.
3 Simulation Results

In Table 2, we show the cell throughputs and relative gains for the different configurations and receiver types. The percentage improvements of MCW MIMO are relative to the throughput of the 1x2 LMMSE case of the corresponding deployment scenario.

	Cell Througput in Mbps

	Scenario
	1x2

LMMSE
	2x2

LMMSE
	2x2

LMMSE & SIC

	Scenario I
	7.1 (100%)
	7.8 (110%)
	9.5 (134%)

	Scenario II
	9.2 (100%)
	11.8 (128%)
	14.3 (156%)


Table 2

2x2 MCW MIMO system level gains for HSDPA
4 Conclusions

The addition of MIMO to HSDPA can provide net downlink system throughput gains, even for the basic 2(2 receive/transmit antenna configuration. Those gains are more significant when standard successive interference cancellation techniques are used in the receiver or/and when the system is not uniformly loaded resulting in a more favourable geometry distribution in the cell of interest.
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