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1. Introduction
In this contribution we discuss the results of system level simulation for the proposed MIMO extension of HSDPA in Release 7 WCDMA. Specifically, we compare the performance of per-antenna rate control (PARC) with dual-stream TxAA as defined in [6], and show that the latter performs better under a wide variety of conditions.
In Section 2, we briefly review the system simulator assumptions. In Sections 3, 4 and 5, we present results in urban macro, urban micro and isolated urban micro environments. Section 6 summarizes our conclusions.
2. System Level Simulation Assumptions
The simulation parameters are in accordance with the simulation model document [1] and the modified micro-cell scenario proposed in [5]. The link to system level mapping is described in contribution [2]. In this section, we briefly review some of the more important simulation assumptions, and the specific choices we have made among the options in [1].
2.1. System Layout
We consider 3-sector cells. The reference deployment has 1 transmit antenna per sector. It is the benchmark for the MIMO deployment which contains two transmit antennas per sector. Each mobile station (UE) is assumed to have two receive antennas. We consider the cases of 20 users per sector. 
2.2. Channel Scenario

We consider the urban micro case with an additional 6 dB isolation for loss is added to signals from all except the geometrically closest site in accordance to [5].
2.3. Receiver Processing
We assume LMMSE equalization and a maximum CIR of 17 dB per receive antenna.  Realistic channel estimation is assumed, as described in the companion document [2], which also outlines the frame error rate calculation given the actual channel matrices (or vectors) generated in each TTI. 
2.4. CQI Feedback and Scheduling
For the reference 1-antenna case, the receiver feeds back the CQI of the LMMSE equalizer. Based on the CQI feedback, the node B selects the UE to be scheduled, the MCS to be transmitted. A maximum of 10 channelization codes is assumed. Proportional fair scheduling is assumed.
· PARC with STTD :  The UE feeds back two CQI values corresponding to the LMMSE CINRs when both antennas are transmitting data at equal power. In addition, it also transmits the estimated CQI for the fall-back mode. 
· Dual-Stream TxAA with Rank Adaptation: This scheme can be thought as an extension of PARC. Here, the UE feeds back not only the CQI, but also the index of the preferred precoding matrix from a fixed codebook. This is done for both rank one and rank two transmissions. Codebooks of size 4 are assumed (analogous to TxAA mode 1), resulting in totally 4 bits of feedback for both ranks one and two. In addition, we assume 4% feedback (FBI) error.
Each CQI value fed back is quantized to 5 bits. CQI and feedback word errors are simulated as described in [1]. 
2.5. Performance Metrics

We use the average sector throughput and the cell-edge throughput, as measured by the throughput of the 5% worst users, to quantify performance.

2.6. Summary and Organization of Simulation Results

The parameters studied in this simulation are listed in Table 1.  
	PARAMETER
	POSSIBLE VALUES

	Channel scenario
	Urban Micro with 6 dB isolation from non-serving Node Bs [5]

	User speed
	3 kmph

	Number of users per sector
	20

	Traffic Model
	Full buffer

	Channel Estimation
	Realistic channel estimation modelled as described in [3]

	Equalization
	Frequency domain LMMSE equalizer

	Scheduling Parameters
	Proportional Fair Scheduling 

	CQI FeedBack
	Delay 4 TTIs

CQI values quantized to 5 bits per stream, error as in [2]

	HARQ
	Feedback delay 8 TTIs

Up to 2 retransmissions

	Performance Metrics
	1. Average sector throughput in Mbps 

2. 5% CDF User throughput in Kbps

	Scheduling Algorithms
	1. PARC. Fallback mode is STTD
2. Dual-stream TxAA with rank adaptation


TABLE 1: List of simulation parameters and performance metrics
Section 3 presents the performance results, and Section 4 lists the conclusions.
3. Performance Results 
Table 2 presents the average cell throughput for comparing PARC and dual-stream TxAA with the reference 1-antenna deployment. Table 3 shows the results for cell-edge throughput seen by the 5% weakest UEs.
	HS-PDSCH Fractional Power
	1 X 2

Average Cell Throughput (Mbps)
	2 X 2 PARC
	2 X 2 Dual-Stream TxAA

	
	
	Average Sector Throughput (Mbps)
	% Gain over 1X 2 
	Average Sector Throughput (Mbps)
	% Gain over 1X 2

	50%
	4.90
	5.34
	9.0%
	5.74
	17.2%

	75%
	5.38
	6.28
	16.7%
	6.72
	25.1%


TABLE 2: Comparison of average cell throughput with PARC and Dual-stream TxAA schemes

	HS-PDSCH Fractional Power
	1 X 2

5% Cell-Edge User Throughput (Kbps)
	2 X 2 PARC
	2 X 2 Dual-Stream TxAA

	
	
	5% User Throughput (Kbps)
	% Gain over 1X 2 
	5% User Throughput (Kbps)
	% Gain over 1X 2

	50%
	84.5
	80.64
	-4.6%
	92.2
	9.1%

	75%
	115.2
	111.4
	-3.3%
	122.9
	6.7%


TABLE 3: Comparison of cell-edge throughput with PARC and Dual-stream TxAA schemes
From the results, we note that

· Results presented in [4] had shown limited MIMO gains for PARC with for urban macro and micro deployments. With the extra 6 dB isolation, it is found that the average throughput gain of PARC over LMMSE is 9.0% and 16.7%depending on the HSDPA fractional power. Dual-stream TxAA offers even greater gains, of 17.2 and 25.1% respectively. 

· 2 X 2 PARC deployments result in a loss of around 4% in cell-edge throughput when compared to the reference 1 X 2 deployment. In contrast, dual-stream TxAA offers a gain of 7-9% in cell-edge throughput. 
4. Conclusions

We presented system level simulation results for the HSDPA, comparing 2 X 2 deployments based on PARC and dual-stream TxAA. We find that dual-stream TxAA outperforms PARC in both average and cell-edge throughputs. In particular, PARC deployments lead to a loss of cell-edge throughput when compared to a reference 1 X 2 deployment, while dual-stream TxAA offers both average and cell-edge throughput gains over the reference case.
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