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1 Introduction
In this document, we evaluate the performance improvement of MIMO applied to HSDPA. This paper extends the results presented in [1] with new results cases not covered in [1]. All presented results were obtained for the agreed reference scenario [2].
We focus on the common consolidated MIMO proposal as described in [3] without using the Rel-99 transmit diversity fallback, i.e. full spatial multiplexing without rank adaptation to channel conditions.
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]:
· Urban-micro cellular LOS/NLOS scenario as defined in [4]
· 3 sectors per Node B
· 6 dB isolation to non-serving cells.
· Inter-site distance 1000 m

· Packet scheduler: proportional fair

· BS total power 38 dBm

· 50% and 75% power allocation for HSDPA

· C/I cap 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 code words of 20 coded bits per stream. The error modelling was implemented according to [5]. A detailed description of the link-to-system model is given in [6]. Linear MMSE receivers and successive interference cancellation receivers (SIC) were assumed. The “full buffer” traffic model has been used.

3 Simulation Results

The obtained results for average sector throughputs are summarized in Table 2. The reference cases assume a single transmit antenna and two or four receive antennas.
Table 1. System level gains for HSDPA with MIMO
	Power
Alloc.
	Reference case
	MIMO case

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

	50%

	1x2
	6.8
	2x2
	linear
	7.9
	16.1

	
	
	
	
	SIC
	8.1
	20.2

	
	1x4
	8.1
	2x4
	linear
	12.1
	49.8

	
	
	
	
	SIC
	12.2
	50.7

	75%

	1x2
	7.8
	2x2
	Linear
	9.8
	25.3

	
	
	
	
	SIC
	12.1
	54.6

	
	1x4
	9.5
	2x4
	Linear
	14.4
	51.6

	
	
	
	
	SIC
	15.9
	67.1


In the following figures – Figure 1 through Figure 8 – all obtained results for the per user throughput CDF and the corresponding fairness curves are depicted for each power allocation and  antenna configuration  as defined in Table 1.
For each of these cases, 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.
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 PARC 2x2 MU, sect. thrpt: 7.9 Mbps

 PARC 2x2 SU SIC, sect. thrpt: 8.1 Mbps


Figure 1. CFDs of the per user throughput, 50% power allocation, 2 Rx antennas.
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Figure 2. CDFs of normalized per user throughput, 50% power allocation, 2 Rx antennas.
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 Reference 1x4 MU, sect. thrpt: 8.1 Mbps

 PARC 2x4 MU, sect. thrpt: 12.2 Mbps

 PARC 2x4 SU SIC, sect. thrpt: 12.2 Mbps


Figure 3. CFDs of the per user throughput, 50% power allocation, 2 Rx antennas.
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Figure 4. CDFs of normalized per user throughput, 50% power allocation, 4 Rx antennas.
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 Reference 1x2 MU, sect. thrpt: 7.8 Mbps

 PARC 2x2 MU, sect. thrpt: 9.8 Mbps

 PARC 2x2 SU SIC, sect. thrpt: 12.1 Mbps


Figure 5. CFDs of the per user throughput, 75% power allocation, 2 Rx antennas.
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Figure 6. CDFs of normalized per user throughput, 75 % power allocation, 2 Rx antennas.
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 Reference 1x4 MU, sect. thrpt: 9.5 Mbps

 PARC 2x4 MU, sect. thrpt: 14.4 Mbps

 PARC 2x4 SU SIC, sect. thrpt: 15.9 Mbps


Figure 7. CFDs of the per user throughput, 75% power allocation, 4 Rx antennas.
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Figure 8. CDFs of normalized per user throughput, 75% power allocation, 4 Rx antennas.
4 Discussion

For HSDPA power allocations between 50% and 75%, the gain of  2x2 MIMO relative to the 1x2 reference scenario is between 16% and 25% when employing a linear MMSE receiver and between 20% and 55% when using an SIC receiver, respectively. Note that in the case of linear receivers, it was assumed that up to four UEs could be scheduled simultaneously. If such multi-user scheduling was not possible (e.g. due to limited availability of HS-SCCHs) and only one UE could be scheduled at a time, the differences between the MIMO cases and the reference case would be even larger.

The corresponding gains in case of four receive antennas are as follows: For HSDPA power allocations between 50% and 75%, the gain of  2x4 MIMO relative to the 1x4 reference scenario is between 50% and 52% when employing a linear MMSE receiver and between 51% and 67% when using an SIC receiver, respectively.
When looking at the normalized throughput curves, it becomes clear that in some cases the 1x2 or 1x4 reference cases provide slightly better fairness in terms of higher normalized throughputs for lower percentile levels in the normalized throughput CDFs. It is important to note, however, that the absolute data rates for those lower percentile levels are mostly not affected, i.e. UEs in poor radio conditions are not getting penalized. Furthermore, it is important to mention that in the case of MIMO transmission, no rank adaptation was simulated. Therefore, this is a worst case assumption for UEs at low geometries: Two transmit streams were enforced regardless of the channel conditions. In general, the fairness curves show much better fairness behaviour than what was accepted as a fairness criterion in the system design of HSDPA (indicated by the black lines).
5 Conclusions

In this paper, we have reported the gains achievable with the MIMO scheme [3] in the urban-micro reference scenario with the parameters defined in [2].  
The reported gains demonstrate the attractiveness of using MIMO in HSDPA: Besides improvements of the per-sector throughputs between 16% and 55% for 2x2 configurations and between 50% and 67% for 2x4 configurations, the peak data rates reached in the best 5% of the cases increase by up to 135%.
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