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1 Introduction

At RAN1 #51bis and #52 meeting, simulation results have been proposed to show that MIMO provides a significant increase of peak data rates, as well as improved high system capacity for 1.28Mcps TDD system [1][2][3][4]. Those results were focused on 2×2 MIMO schemes, i.e. PARC, S-PARC and D-TxAA. In order to fully evaluate the MIMO scheme, this document presents the performance results of 8×2 system.
2 MIMO Schemes
The 2×2 schemes are the basic MIMO configuration. For 1.28Mcps TDD HSDPA outdoor scenario, the smart antennas array separated by 0.5 wavelengths usually is built in Node B to enhance the UE receive power, i.e. beam-forming (BF) gain, and mitigate inter-user interferences, especially inter-cell interferences and increase cell-edge throughput and coverage. So here we will investigate on the MIMO schemes and performance based on the eight antenna uniform linear array (ULA) with small separation at Node B of the existing TDD system. And the UE has two receive antennas. This document focus on two schemes: SVD (singular value decomposition) based pre-coding and grouped beam-forming.
Both schemes transform the process of antenna field to the process of beam field. Each beam corresponds to a virtual antenna and transmits one data stream. Channel reciprocity may be exploited to avoid the drawbacks in TDD, for example the quantization error, feedback delay and errors. The Node B can calculate the transmit weight vectors based on the observed uplink channel. 
For SVD based pre-coding scheme, the Tx weights at Node B are determined from SVD of the full uplink channel matrix. The channel matrix can provide some orthogonal sub-channels (beams) which are obtained by SVD. The two beams with the largest singulars are selected. The corresponding right singular vectors are used as Tx pre-coding weights. This is sometimes termed SVD-MIMO in the literature, and can correspond to the optimal schemes. The SVD based pre-coding scheme depends on the full channel matrix, i.e. two uplink signals estimation. This condition usually requires the UE can transmit two reference signals from two UE antennas, or Node B can obtain the two uplink channel estimation by using a certain method.

[image: image1.emf] 


Figure 1 SVD based pre-coding MMO scheme
For grouped beam-forming scheme, all the antenna elements are grouped into 2 sub-array (virtual antennas) in which the elements are adjacent. Each sub-array is used to form one beam. The data rates for each beam (stream) are controlled, respectively. The transmitter architecture for grouped beam-forming (GBF) is provided as follows. Here the eight antenna array at Node B is grouped into two “beam formers”. Each “beam former” includes four transmit antennas and is used to transmit one stream by beam-forming. The two sub-arrays control the data rate by AMC and have their own HARQ process. It is found that the GBF can provide beam-forming gain but only requires one uplink RF chain at UE. The beam-forming can use direction of arrival (DOA) to construct the beam-forming weight. The DOA can be estimated from the one uplink signal. This kind of spatial signature can keep common for a short interval of observation. It is also pointed out that beam-forming weight is needed to track only the DOA and average path loss.
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Figure 2 Grouped beam-forming MMO scheme
For the multi-antenna array, uniform power allocation among two streams is used. However, to make full use of the time and spatial domain diversity, a flexible power allocation scheme for different streams may be used, e.g. water-filling algorithm. 
3 Simulation Assumptions

In the performance evaluation, we compared the following some types of transmission techniques using an NTX transmitter- and NRX receiver-antenna branch configuration denoted as NTX×NRX. We use rank adaptation in adaptive MIMO schemes.
For the baseline scheme:

－8×2 antenna branch configuration employing 8 Tx antennas beam-forming for single stream.
For the adaptive MIMO scheme:

－8×2 antenna branch configuration employing SVD based pre-coding algorithm for two streams and 8 Tx antennas beam-forming for single stream;
－8×2 antenna branch configuration employing the grouped beam-forming algorithm for two streams and 8 Tx antennas beam-forming for single stream.

Note: the antenna distance at Node B and at UE is 0.5 wavelengths.
Detailed simulation assumptions were presented in [2] and [3].
4 Link-Level Simulation Results
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Figure 3 Throughput performance of 8×2 MIMO schemes
In the legend “GBF” and “Pre-coding” denote the fixed two streams scheme, and “BF” is the 8×2 beam-forming for single stream transmission scheme. From the figure 3 we can see that in 1.28Mcps TDD the introduction of MIMO schemes into 8×2 antenna array can double the system throughput comparing with the conventional 8 Tx beam-forming scheme. SVD based pre-coding is superior to the GBF scheme due to SVD can provide two orthogonal beams to increase the spatial freedom degree. Furthermore, the adaptive schemes outperform both the fixed two streams schemes and the single stream schemes because the rank adaptation will select the best transmit mode to adapt the real time channel condition.
5 System-Level Simulation Results
Average cell throughput and the distribution (CDF) of the per user throughput are used as performance metrics. The resulting fairness curves (normalized throughput) were also provided. Normalized throughput equals the user throughput divided by mean user throughput.

Table 1 Average cell throughput
	Scenario
	Scheme
	Average cell throughput (kbps)
	Cell throughput

gain

	Urban Macro
	BF (one stream)
	1128.2182
	0%

	
	Adaptive Pre-Coding 
	1397.6542
	+23.9%

	
	Adaptive GBF 
	1234.9468
	+9.5%
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Figure 4 CDF of User Throughput in Urban Macro Scenario
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Figure 5 Fairness curve in Urban Macro Scenario
The average cell throughput in Table 1 shows that Adaptive Pre-Coding and Adaptive GBF outperforms the baseline beam-forming scheme and Adaptive Pre-Coding achieves more gain than Adaptive GBF.

User throughput CDF shows that for the 20% users with best channel condition, their throughput could achieve significant gain compared to BF reference case. Figure 5 show that in all cases, the commonly used fairness criterion of staying below the (10%/10% - 50%/50%) line in normalized throughput could be met.

6 Conclusions
In this document we have presented link level and system level simulation results comparing SVD based pre-coding and grouped beam-forming applied to 8×2 1.28Mcps TDD HSDPA. In the point of view of integrality, these simulation results are the expanded part of 2×2 MIMO schemes. 
For the multiple antennas array at Node B in the outdoor scenario in TDD, e.g. 8 or 6 or etc, the codebook pre-coding scheme is not favorable because of the limited pilot resource and complexity. 
Combining with the 2×2 conclusion, it seems clear that non-codebook MIMO is a more suitable scheme for the introduction of MIMO in 1.28Mcps TDD HSDPA. Then we can call the TDD non-codebook MIMO scheme PSRC (Per Stream Rate Control). Here the data stream with their own rate control can be transmitted from one actual antenna or one virtual antenna (beam). For instance, in 2×2 every antenna transmits a stream with AMC, but in 8×2 every “beam former” transmits a stream by SVD based pre-coding or grouped beam-forming and so on. 
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