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1． Introduction

MIMO is an effective technology to improve the system spectrum efficiency. MIMO has been studied in 3GPP for a long time and has been a basic technology in 3G evolution. In order to achieve the requirement of LTE spectrum efficiency, Multi Carrier TD-SCDMA system [1] also needs to use MIMO. In this contribution, application of MIMO in MC TD-SCDMA system will be introduced, including basic transmission scheme and usage of midamble sequence.
2． Basic Transmission Scheme
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Figure 1: Transmitter architecture for MC TD-SCDMA use MIMO

Per-Stream Rate Control (PSRC) technology will be used for MC TD-SCDMA system which combines spatial multiplexing and CDMA with code reuse. Assume the number of transmit antennas is M and the number of receive antennas is P. A single high speed data stream is de-multiplexed into L low-rate streams where L is the number of transmit layers. The number of transmit layers is equal to or less than the number of transmit antennas M. Each one of these layers is encoded, interleaved, and modulated separately. Each layer can also use different modulation and coding scheme (MCS) to achieve Per-Stream Rate Control. They are further de-multiplexed into C sub-streams, where C is the number of codes. These sub-streams are spread and scrambled separately. All the C sub-streams of all the layers use the same spreading factor Q and share the same channelization codes. Different layers can be assigned the same or different scrambling codes. And then the burst structure of each sub-stream is formed by adding midamble sequences. Finally all the bursts of each layer are summed to form this layer’s data, which is subsequently transmitted from its associated antenna. The process is shown in figure 1.
When the number of transmit antennas M is equal to the number of transmit layers L, each layer is corresponding to each antenna. When M is larger than L, the same layer may be weighted and transmitted from two or more antennas.

3． Usage of midamble sequence 

In MC TD-SCDMA system with MIMO technology, for estimating the channel of each transmit layer to each receive antenna, different midamble sequence shift will be used for different transmit layer. Considering the main target of MIMO technology is to increase data rate, small spreading factors such as one or two can be used and always only one code channel is used for transmission. Thus there will be enough midamble shift values allocated to different transmitted layer for estimating the channel.

Besides the channel estimation, midamble sequence also has following three functions: carry layer sequence number information, carry scrambling allocation information and carry spreading factor information. Based on above midamble sequence requirements, midamble sequence usage in MC TD-SCDMA system with MIMO will be introduced as follows.
(1) Layer sequence information can be characterized by midamble sequence shift used for each layer. For example, midamble sequence shift is sorted from the minimum to maximum to denote the first layer, the second layer till to the M layer and vice versa.
(2) When using different scrambling codes for different layers, scrambling code information also can be transferred based on the first principle above, e.g. the first layer corresponding to the first scrambling code, the second layer corresponding to second first scrambling code etc. The receiver should know all the scrambling codes allocation information in the cell. When the same scrambling code is used for the different layers, there is no need to use midamble sequence to carry scrambling code allocation information due to the unique scrambling code in the cell. 
(3) When spreading factor is changed during the transmission, the receiver need to know which spreading factor is used. A simple method to carry the spreading factor information is just to select a midamble shift the same number as the used spreading factor and allocate it to one layer designated as Layer A. The midamble shift allocated to all the other layers can not be equal to any other unused spreading factors. The receiver gets the spreading factor used according to the midamble shift of Layer A which equal to one of 1, 2, 4, 8, and 16.
An example of the usage of midamble sequence for MIMO transmission is shown in table 1.
Table 1: An example of usage of midamble sequence for MIMO transmission
	m1
	m2
	m3
	m4
	m5
	m6
	m7
	m8
	m9
	m10
	m11
	m12
	m13
	m14
	m15
	m16
	Q

	L1
	0
	L2
	0
	L3
	L4
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1

	0
	L1
	L2
	0
	L3
	L4
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	2 

	0
	0
	L1
	L 2
	L3
	L4
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	4 

	0
	0
	L1
	0
	L2
	L3
	0
	L4
	0
	0
	0
	0
	0
	0
	0
	0
	8 

	0
	0
	L1
	0
	L 2
	L3
	0
	0
	0
	0
	0
	0
	0
	0
	0
	L4
	16 


In this table above, m1,m2… denote midamble sequence with different shift. L1, L2, L3 and L4 denote different data layer. If L1, L2, L3 or L4 is filled in one column begin with midamble sequence mk, it means this midamble sequence mk is allocated to the certain layer. If “0” is filled in table, it means this midamble sequence has not been allocated.
4． Simulation assumptions and results

Link level simulation results of downlink under SCM channel condition will be provided to compare single user throughput in various antenna configurations, such as 1x1, 2x2 and 4x4. Only one carrier of 1.6 MHz bandwidth is simulated. PSRC is not simulated and all layers use the same MCS. The parameters are list in following tables.

Table 2: The basic simulation parameters

	Carrier Frequency
	2GHz

	Chip Rate
	1.28Mcps

	Modulation
	QPSK, 16QAM

	Spreading Factor
	1

	Number of code channel per layer
	1

	Channel coding
	Turbo coding

	Channel model
	Spatial Channel Models as specified in TR25.996.[2]
Case IV is selected.

	Antenna Array
	4λ spacing and 5 degrees spread at the Node B.

0.5λ spacing and 35 degrees spread at the UE.

	UE speed
	3km/h

	Channel estimation
	Perfect

	HARQ
	Not used.

	AMC
	Used. There are six MCSs are used shown in table 3.


Table 3, MCSs for single user throughput simulations
	TBS
	Modulation
	Coding rate

	445
	QPSK
	1/3

	680
	QPSK
	1/2

	914
	QPSK
	2/3

	1384
	16QAM
	1/2

	1853
	16QAM
	2/3

	2088
	16QAM
	3/4


Figure 2 illustrate the comparisons of single-user throughput for various antenna configurations. From these simulation results it can be found that the throughout for scenario 2x2 is about 3.07 Mbps at 30dB, the throughout for scenario 2x2 is about 5.55 Mbps at 30dB, which is 1.8 times than scenario 1x1, the throughout for scenario 4x4 is about 7.85 Mbps at 30dB, which is 2.56 times than scenario 1x1. So it can be concluded that using MIMO technology can effectively increase the throughput for MC TD-SCDMA system. Note that the throughput is instantaneous data rates.
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Figure 2:  The comparisons of single-user throughput for various antenna configurations 
5． Conclusion
Using MIMO in MC TD-SCDMA system has been introduced in this contribution. The basic transmission scheme and usage of midamble sequence has been studied and proposed for using MIMO in MC TD-SCDMA. From the simulation results it can be concluded that using MIMO technology can effectively increase the throughput for MC TD-SCDMA system.
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