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1. Introduction
It has been agreed that, for TDD operation, uplink reference signals should be transmitted to provide channel state information to support downlink MIMO transmission in TR25.814 [1]. For example, the obtained CSI can be used to decide the beam-forming vector or pre-coding matrix. But the full CSI can not be always obtained especially when fewer RF chains than the number of transmit antennas at UE. 
It has been also agreed that, if the UE has only single power amplifier and two transmit antennas, the antenna switching/selection is the only option that will be further studied in WI in RAN1#45 meeting.
In this contribution, the scheme of time switched transmit diversity in uplink is proposed to provide full CSI to support downlink MIMO transmission for TDD operation.
2. Time Switched Transmit Diversity
For TDD operation with alternative frame structure, the TTI is decided as equal to one sub-frame, i.e. 0.675ms, so it is no need to transmit from different antennas between sub-frames. The TSTD can only be used intra TTI, i.e. intra sub-frame TSTD for TDD operation with alternative frame structure. One sub-frame will be divided into two parts, which are transmitted alternately from different antennas, see figure 1. The channel vector 
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 from antenna 1 can be estimated using the first SB, and 
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 from antenna 2 can be estimated using the second SB. The two channel vectors can be formed one predicted channel matrix
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. When the UE speed is low, the predicted channel matrix 
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will be very close to the real channel matrix
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Figure 1, Proposed TSTD scheme for TDD operation with alternative frame structure
3. Simulations
3.1. Simulation assumption and parameters
For uplink, the performance of proposed TSTD scheme will be compared with different mobile speed. The simulation parameters for uplink TSTD are listed in table 1.
Table 1, Link level simulation parameters for uplink TSTD

	Parameter
	Assumption

	Bandwidth
	5MHz

	Carrier frequency 
	2.0GHz

	Basic transmission parameters
	See Table 9.1.1-2 in TR25.814 [1] with alternative TDD frame structure

	RPF
	5

	Modulation
	QPSK

	Channel coding
	TC, 1/2

	Antenna configuration
	2x2, with one RF chain at UE transmitter

	Channel model
	TU 12ray

Un-correlated channel

	Channel estimation
	IDEAL

	UE speed
	15 km/h, and 120km/h


For downlink, the performance of non-codebook based pre-coding with full CSI and predicted CSI will be compared. The detail of non-codebook based pre-coding is based on singular value decomposition (SVD), which is presented in [2] [3]. Predicted CSI is provided by proposed uplink TSTD scheme. The simulation parameters for downlink SVD-based non-codebook pre-coding are listed in table 2.
Table 2, Link level simulation parameters for downlink pre-coding MIMO

	Parameter
	Assumption

	Bandwidth
	5MHz

	Carrier frequency 
	2.0GHz

	Basic transmission parameters
	See Table 7.1.1-2 in TR25.814 [1] with alternative TDD frame structure

	Number of used PRBs
	25

	PRB size
	12

	Modulation
	QPSK

	Channel coding
	TC, 1/2

	Antenna configuration
	4x2, The antenna spacing at transmit is 4 wavelengths

	Channel model
	SCM, TU 12ray

5 degrees RMS angle spread at Node B

35 degrees RMS angle spread at UE

	Channel estimation
	IDEAL

	MIMO detector
	MMSE

	UE speed
	3km/h


3.2. Simulation results
The simulation results for uplink TSTD scheme are shown in figure 2 with different mobile speed. In these figures, the blue curves are the simulation results with TSTD scheme, and the red curves are the simulation results with RxD (1x2) for reference. It can be observed that additional diversity gain is obtained by using TSTD when compared with 1x2 RxD. So the using of proposed TSTD scheme is considerable.
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(a) 15km/h
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Figure 2, Simulation results for proposed uplink TSTD

The simulation results for downlink SVD-based non-codebook pre-coding are shown in figure 3. The blue curve is the simulation result with full CSI, and the red curve is the simulation result with predicted CSI. 

From these simulation results, it is found that the performance loss is neglectable when using predicted CSI with TSTD scheme within one sub-frame in uplink.
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Figure 3, Simulation results for downlink SVD-based pre-coding
4. Conclusions

In this contribution, the uplink TSTD scheme within one sub-frame is proposed. From the simulation results, it is found that the performance of TSTD scheme is close to RxD, but there is still some additional diversity gain. So the using of TSTD scheme within one sub-frame is considerable. 
For downlink SVD-based pre-coding, it is found that the performance loss is neglectable when using predicted CSI with TSTD scheme within one sub-frame in uplink. So it is proposed that using TSTD scheme within one sub-frame in uplink to provide the full CSI, when there are fewer RF chains than the number of transmit antennas at UE. This will lead to no more uplink feedback overhead increased than single stream transmission in uplink (RxD).
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