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1   Introduction
At St Louis meeting, precoding with defined codebook or a subset of it was agreed [1]. The great advantage of using a subset of defined codebook instead of full codebook lies in reduction of feedback. In fact, overhead could be decreased further in TDD system by making use of reciprocity between uplink and downlink. This contribution proposes a novel precoding scheme, in which configured codebook and PMI feedback adaptively changes. The results of simulation prove that our proposed scheme could reduce PMI feedback remarkably than FDD subset scheme.
2   System Description

In FDD system, UE selects an optimal codeword according to CSI of downlink. Then UE feeds back the PMI of this codeword to NodeB through feedback link. After having received PMI feedback, NodeB precodes with the selected codeword. This scheme brings precoding gain at a cost of large PMI feedback.

In TDD system, when UE travels at a low velocity, the reciprocity between uplink and downlink could be used. When precoding under non-feedback scheme, NodeB and UE choose their optimal codeword according to downlink and uplink CSI respectively. If the channel state difference between uplink and downlink is very little, UE and NodeB will choose the same codeword, so the transmitted signal will be de-precoded correctly. But if not, the de-precoding error will greatly degrade the performance of system.
The proposed scheme aims to achieve a tradeoff among precoding gain, PMI feedback and codeword-choosing errors. The scheme could reduce feedback overheads greatly with acceptable performance loss.

Our scheme could be implemented by three steps:

First step, when SNR is below a certain threshold (set as 0 dB when rank is 1 in the simulation), TDD full codebook method is used with a little modification. The optimal codeword is selected by: 
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 (set as 60 in the simulation)and 
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 feedback is needed. Otherwise, none feedback is needed. UE collects PMI feedback requirement for a certain period 
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and determines whether to transmit PMI feedback during next 
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 time. Then, UE transmits 
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feedback channel on-off index to Node-B at the beginning of next 
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 time to indicate whether PMI feedback will be used. If feedback channel on-off index received by Node-B is 1, Node-B should choose precoding codeword according to 
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 PMI feedback. Node-B forms a subset comprising of optimal codeword and sub-optimal codeword and selects codeword according to PMI feedback information. If feedback channel on-off index received by Node-B is 0, Node-B just selects optimal codeword according to uplink channel estimate.
Second step, when SNR is moderate (set as 
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 when rank is 1 in the simulation), we use a TDD subset method. The size of subset is 4. The codeword-choosing method and feedback method is the same with first step.
Third step, when SNR is rather high (set as 
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 when rank is 1 in the simulation), the size of subset changes to 2. 
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 PMI feedback is used all the time to indicate precoding codeword in this step.
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Fig1.
System Model
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Fig2.
Codebook utilization example
3 Performance Evaluation
Five schemes are evaluated in our link level simulation:
I. FDD full codebook scheme (4 bits feedback)
II. FDD subset scheme (2 bits feedback) [2]
III. TDD full codebook scheme (none feedback)
IV. TDD adaptive subset scheme (none feedback or 1bit feedback)
V. Fixed precoding scheme (none feedback)
The 4TX SU-MIMO codebook construction in [3] is adopted in the simulation and the frequency granularity of the precoding feedback information is 5 RBs.
Other parameters used in the simulation are listed in the following table
	Parameters
	Value

	Carrier frequency
	2.0 GHz

	Channel bandwidth
	5 MHz

	Sub-carrier spacing
	15kHz

	RB bandwidth
	180 kHz

	PMI granularity
	5 RB

	Sampling rate
	7.68 MHz

	Channel model
	PB

	UE speed
	3 km/h

	Number of total subcarriers
	512

	Number of used subcarriers
	300

	Length of CRC
	16

	Length of cyclic prefix
	36

	Channel coding
	Turbo

	Rate
	1/2

	Modulation
	16QAM

	Antenna configurations
	4Tx*4Rx

	Receiver
	ZF

	Channel estimation
	ideal


4 Numerical Results

4.1 Performance Comparison
Figure 3 and 4 show the performance of five schemes when rank is 1 and 2 in 4Tx SU-MIMO system. As shown is these pictures, the performance of FDD full codebook scheme is optimal among five schemes. The performance of TDD adaptive subset scheme is superior to that of FDD subset scheme in low SNR, while it is a little worse than that of FDD subset scheme in higher SNR.
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Figure 3: Performance Comparison of five schemes (rank 1)
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Figure 4: Performance Comparison of five schemes (rank 2)
Figure 5 shows the feedback of three schemes when rank is 1 and 2 in 4Tx SU-MIMO system. As shown in these pictures, the TDD adaptive subset scheme needs less feedback than FDD susbset scheme. The PMI feedback of FDD full codebook scheme is the most of all.
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Figure 5: PMI feedback comparison of three schemes 
5 Conclusion
In this contribution, an adaptive subset scheme based on TDD system is proposed, which aims at reducing the feedback overheads in TDD system. For evaluating the proposed scheme the link level simulations are conducted and analytical results are given. 

The simulation results show that the proposed scheme could reduce feedback remarkably compared with FDD subset system with acceptable performance loss. Therefore, we recommend the channel reciprocity should be considered to reduce PMI feedback in TDD system and one or two bits are employed for 5 RBs PMI feedback when UE moves at low and mid velocity.
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