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1 Introduction
In this document, we evaluate the performance improvement of MIMO applied to HSDPA. The focus of this contribution is on the multi code word (MCW) MIMO scheme as described in [1]. The MCW scheme used in the simulations is not applying time variant virtual antenna mapping or pseudo random antenna permutation. In that case, the MCW scheme is equivalent to the well known PARC scheme.
2 Simulation Assumptions

The simulation assumptions used during production of system level simulation results are in line with the agreed set of simulation assumptions in [2]. Due to the large number of possible permutations of some of the parameters, not all possible cases are covered. Table 1 summarizes the cases that were investigated. Scenario “I” designates the macro cellular scenario as defined in [2] and “II+” designates the micro cellular scenario with additional 6 dB isolation to non-serving cells as defined in [2], respectively.
Table 1.  System level parameter combinations 

	Case #
	Scenario
	Power allocation
	# Sectors per Node B 
	Antenna configuration
	C/I cap

	1
	I
	75 %
	3
	2x2
	17 dB

	2
	I
	75 %
	3
	4x4
	17 dB

	3
	I
	75 %
	6
	2x2
	17 dB

	4
	I
	50 %
	3
	2x2
	17 dB

	5
	II+
	75 %
	3
	2x2
	17 dB

	6
	II+
	75 %
	3
	4x4
	17 dB

	7
	II+
	50 %
	3
	2x2
	17 dB


For the purpose of CQI feedback and acknowledgement modelling, it was assumed that each stream of independent encoded data was using a separate CQI feedback and separate ACK/NACK signalling. As in Rel-5, for each CQI feedback a resolution of 5 bits per stream was assumed which were encoded into codewords of 20 coded bits per stream. The error modelling was implemented according to [2]. A detailed description of the link-to system model is given in [3]. Only linear MMSE receivers and successive interference cancellation receivers (SIC) were assumed.
Due to lack of time, only the full buffer traffic model used.

3 Simulation Results

The obtained results for average sector throughputs are summarized in Table 2. All reference cases assume a single transmit antenna. Closed loop transmit diversity was not used as reference cases as we were not able to observe any noticeable gains compared to the 1x2 or 1x4 cases. This is also confirmed by link level simulation results that show no performance gains in case of CLTD, even in the optimistic case of no feedback errors, as depicted for instance in the link level results in Annex A.
Table 2. System level gains for HSDPA with MIMO
	Case #
	Reference case
	MIMO case

	
	Antenna configuration
	Average cell throughput
in Mbps (rounded)
	Antenna configuration
	Receiver type
	Average cell throughput
in Mbps (rounded)
	Gain 
in %

	1
	1x2
	5.5
	2x2
	Linear
	6.1
	10.8

	
	
	
	
	SIC
	8.1
	46.1

	2
	1x4
	7.3
	4x4
	Linear
	10.0
	36.8

	
	
	
	
	SIC
	12.5
	72.0

	3
	1x2
	4.8
	2x2
	Linear
	5.3
	9.6

	
	
	
	
	SIC
	6.8
	41.1

	4
	1x2
	4.5
	2x2
	SIC
	4.9
	8.8

	5
	1x2
	8.5
	2x2
	Linear
	10.8
	26.9

	
	
	
	
	SIC
	13.4
	58.1

	6
	1x4
	9.9
	4x4
	Linear
	16.5
	66.2

	
	
	
	
	SIC
	21.0
	111.7

	7
	1x2
	7.4
	2x2
	SIC
	8.7
	18.5


In the following figures – Figure 1 through Figure 14 – all obtained results for the per user throughput CDF and the corresponding fairness curves are depicted for cases 1 through 7. For each case, two figures are shown. The first one contains the CDF of the per user throughput. The second one shows the normalized user throughput with regards to the average user throughput (fairness curve). For reference, the fairness criterion (line through 10%/10% and 50%/50%) is also depicted in the fairness plots.
Figure 15 depicts the underlying geometry distributions that were logged in simulations for scenario “I” (3 and 6 sector layout) and scenario “II+”
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Figure 1. CFDs of the per user throughput , case 1.
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Figure 2. CDFs of normalized per user throughput, case 1.
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Scenario I, 3 sectors / Node B, 4 Rx antennas, 75% HSDPA power

 Reference 1x4, sector throughput: 7.3 Mbps

 PARC 4x4, sector throughput: 10.0 Mbps

 PARC 4x4 with SIC, sector throughput: 12.5 Mbps


Figure 3. CFDs of the per user throughput , case 2.
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Figure 4. CDFs of normalized per user throughput, case 2.
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Scenario I, 6 sectors / Node B, 2 Rx antennas, 75% HSDPA power

 Reference 1x2, sector throughput: 4.8 Mbps

 PARC 2x2, sector throughput: 5.3 Mbps

 PARC 2x2 with SIC, sector throughput: 6.8 Mbps


Figure 5. CFDs of the per user throughput , case 3.
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Figure 6. CDFs of normalized per user throughput, case 3.
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Scenario I, 3 sectors / Node B, 2 Rx antennas, 50% HSDPA power

 Reference 1x2, sector throughput: 4.5 Mbps

 PARC 2x2 with SIC, sector throughput: 4.9 Mbps


Figure 7. CFDs of the per user throughput , case 4.
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Figure 8. CDFs of normalized per user throughput, case 4.
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Scenario II (+6dB), 3 sectors / Node B, 2 Rx antennas, 75% HSDPA power

 Reference 1x2, sect. throughp.: 8.5 Mbps

 PARC 2x2, sect. throughp.: 10.8 Mbps

 PARC 2x2 SIC, sect. throughp.: 13.4 Mbps


Figure 9. CFDs of the per user throughput , case 5.
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Figure 10. CDFs of normalized per user throughput, case 5.
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 Reference 1x4, sect. throughp.: 9.9 Mbps
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Figure 11. CFDs of the per user throughput , case 6.
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Figure 12. CDFs of normalized per user throughput, case 6.
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Scenario II (+6dB), 3 sectors / Node B, 2 Rx antennas, 50% HSDPA power

 Reference 1x2, sect. throughp.: 7.4 Mbps

 PARC 2x2 SIC, sect. throughp.: 8.7 Mbps


Figure 13CFDs of the per user throughput , case 7.
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Figure 14. CDFs of normalized per user throughput, case 7.
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Figure 15. CDFs of geometry for the underlying system scenarios.
4 Conclusions

The presented results confirm that the gains achievable by deploying MIMO techniques are a function of the assumed scenarios. For the set of investigated scenarios, gains between 9% and 58% are observed when comparing a 2x2 MIMO configuration with the 1x2 reference configuration. The range of gains observed for a 4x4 MIMO configuration versus the 1x4 reference configuration is from 37% to 112%. 
The highest gains for MIMO systems are observed in scenarios with higher average geometry. In particular the results obtained for scenario “II+” indicate higher MIMO gains than scenario “I”.  For 2x2 MIMO configurations a gain of 58% is possible when 75% of the Node B transmit power is allocated to MIMO HSDPA users.
As a further result, it is noted that in all cases the commonly used fairness criterion of staying below the (10%/10% - 50%/50%) line in normalized throughput could be met.
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Annex A

The following two figures contain results of link level simulations of 1xN reference configurations with and without CLTD, 2x2 MIMO and 4x4 MIMO. The simulation assumptions are the same as [4] – which were agreed after the London meeting – except that for the case of CLTD no feedback errors are taken into account and antenna verification works perfect. From these and other link level results that we produced, we concluded that there is no noticeable gain for CLTD transmission over conventional single antenna transmission when 2 or more Rx antennas are used.
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Figure 16. Link level results for 4 Rx antennas.
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Figure 17. Link level results for 4 Rx antennas.

