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1. Introduction

As an enhanced technique, MIMO is investigated in Rel 7, where Dual-stream Transmit Antenna Arrays (D-TxAA) and Per-Antenna Rate Control (PARC) are considered and Dual-stream Transmit Antenna Arrays (D-TxAA) is chosen to enhance the HSDPA in FDD. The two schemes are also explored in 1.28Mcps TDD system with 2x2 antenna configurations, where simulation results and comparison are provided in [1] - [6].
Since the smart antenna (antenna array) is widely used in the macro-cell deployment of 1.28Mcps TDD system, the feedback codebook based pre-coding scheme (D-TxAA in FDD) is no longer suitable.  

In this contribution, we evaluate the link level performance of the non-codebook based pre-coding MIMO scheme and the extended “grouped” PARC MIMO scheme of 1.28Mcps TDD system with the antenna array configuration. 
2. Proposed Schemes

For the non-codebook pre-coding scheme, Node B generates pre-coding matrix according to the uplink channel characteristics.  Node B also performs the AMC for each transmitted stream, based on the feedback CQI, respectively. Node B could adopt rank adaptation to further improve the link performance at lower SNR range.
For the grouped PARC scheme, each antenna group (or sub-array) is regarded as a virtual antenna port in the conventional PARC scheme. Different data streams are transmitted from different antenna groups, while AMC is performed to each group respectively. Within an antenna group, beam-forming is used to improve the signal quality. Rank adaptation could also be used to further improve the link performance.

The difference between the non-codebook based pre-coding scheme and the grouped PARC scheme is that the former introduces the spatial orthogonality of the transmitted dual streams and each stream obtains a higher beam-forming gain. The orthogonal spatial signature in the non-codebook based pre-coding is obtained from the uplink channel. 
As long as the rank adaptation decides the single stream transmission mode, the conventional beam-forming is used by the Node B, instead of dual streams pre-coding or PARC. 
3. Assumptions and Simulation results

In the link level evaluation, the antenna configuration is denoted as NTX* NRX, where NTX and NRX,are the total numbers of the transmitter antennas and receiver antennas respectively. To facilitate the denotation and analysis of the simulation results, several abbreviations of the MIMO schemes mentioned above are listed below. Besides, as a baseline of proposed MIMO schemes, fixed single stream based JBF is included in the evaluation. Furthermore, two types of antenna array configurations are considered in the simulation, which are the 8-antenna linear array and the 4+4 dual-polar array.
	Abbr.
	Details

	JBF
	Joint Beam-forming                                 (fixed single stream)

	GPARC
	Grouped PARC                                        (fixed dual streams)

	PreCoding
	Non-codebook based pre-coding             (fixed dual streams) 

	A-PreCoding
	PreCoding with Rank Adaptation            (single/dual streams) 

	A-GPARC
	Grouped PARC with Rank Adaptation    (single/dual streams) 


Table 1 Channel parameters
	Model
	Pedestrian B
	Vehicular A

	Paths
	6
	6

	Relative Path Power (dB)
	Delay (ns)
	0,0
	0
	0.0
	0

	
	
	-1.0
	310
	-0.9
	200

	
	
	-9.0
	710
	-4.9
	800

	
	
	-10.0
	1090
	-8.0
	1200

	
	
	-15.0
	1730
	-7.8
	2300

	
	
	-20.0
	2510
	-23.9
	3700

	Speed (km/h)
	3
	60

	UE/Mobile Station
	PAS
	RMS angle spread of 35 degrees per path with a Laplacian distribution
	RMS angle spread of 35 degrees per path with a Laplacian distribution

	
	DoT (deg.)
	22.5
	-22.5

	
	AoA (deg.)
	67.5 (all paths)
	22.5 (odd numbered paths),
-67.5 (even numbered paths)

	Node B/ Base Station
	PAS
	Laplacian distribution with RMS angle spread of 2 degrees, per path depending on AoA/AoD

	
	Total PAS
	15 degrees

	
	Total AoD/AoA(deg.)
	0


Note: Total PAS and Total AoD/AOA are constructed by all 6 paths.
Table 2 simulation configuration
	Antenna Configuration
	8*2 / 8*1

	Antenna spacing 
	½ wavelength

	Channel estimation
	Realistic post-processing

	Channel Model
	PB、VA

	Total Angle spread
	15 degree

	Velocity
	3Km/h 、60Km/h

	Beam-forming Delay
	10ms

	AMC
	Yes

	Number of timeslots
	1

	Spreading factor
	16

	Number of OVSF codes
	16

	Retransmission
	No

	Receiver
	MMSE

	Target BLER
	10％


For Figure 1 and Figure 2, 8-antenna linear array is used at the base station side while there are one or two antennas at the mobile station side. All the antennas at both sides share the vertical polarization direction. For Figure 3 and Figure 4, two groups of antennas are deployed at the base station side with polarization directions of +45 degree and -45 degree respectively to form a 4+4 dual-polar array; at the terminal side, the two antennas also have polarization directions of +45 degree and -45 degree respectively.
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Figure 1 Throughput comparison of 8-antenna linear array @PB3
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Figure 2 Throughput comparison of 8-antenna linear array @VA60
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Figure 3 Throughput comparison of  4+4 dual-polar array @PB3
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Figure 4 Throughput comparison of  4+4 dual-polar array @VA60
4. Conclusions

Based on the simulation results, some conclusions can be drawn:

· Introducing MIMO into the antenna array based 1.28Mcps TDD system will lead to a significant improvement of the system throughput performance. In the low mobility case (PB3), all the evaluated MIMO schemes (dual streams involved) can double the throughput comparing to the conventional single stream transmission scheme, while in the higher mobility case (VA60), 50~60% improvement of throughput can be achieved.
· Non-codebook based pre-coding achieves a better performance than grouped PARC. Pre-coding introduces higher beam-forming gain for each transmitted stream than PARC. Furthermore, Pre-coding introduces the spatial orthogonality for the two transmitted streams, which leads to a better UE equalization performance. For instance, in Figure 1, PreCoding(A-PreCoding) achieves about 140kbps extra throughput gain than GPARC(A-GPARC). And to reach the same throughput of 600kbps, Precoding (A-Precoding) gets about 3.6dB SNR gain than GPARC (A-GPARC).
· Rank adaptation outperforms both the fixed single and fixed dual stream transmissions during the transition range between low SNR and high SNR.
· With more dispersive and higher velocity channel condition (e.g. VA), the inaccurate beam-forming leads to a performance degradation both in pre-coding and PARC schemes. However, PARC suffers more in the dispersive channel due to its non-orthogonality characteristics, since the linear MMSE equalizer of UE maybe inefficient in interference cancellation due to the degrees of freedom problem.  
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