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1 Introduction

As a way to improve performance and reduce UE complexity, precoding has been considered in LTE. Based on whether a finite number of precoding matrices is used, precoding can be categorized as codebook and non-codebook based precoding. Both of two methods can be used to FDD and TDD. Because the channel reciprocity does not exit in FDD, to reduce the feedback overhead codebook based precoding has been agreed for FDD. But for TDD, whether codebook based or non-codebook based precoding has not been decided. In this contribution, we provide link level simulation results for comparing the performance between codebook based and non-codebook based precoding in TDD, moreover, the performance of codebook and non-codebook based precoding is analysed in this contribution when the CSI is non-ideal that is induced by UL and DL time delay.
2 Codebook based vs. Non-codebook based Precoding in TDD
In this section, we provide link level simulation results for comparing the performance between codebook based and non-codebook based precoding in TDD based on 2x2 PARC scheme. For codebook based precoding, codebook construction is chosen as 
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[1], the precoder selection criterion is maximizing the sum throughput. In simulation results we provide the codebook based precoding performance when the codebook size is 4 and 16. For non-codebook based precoding, the CSI is learned from uplink at Node B, non-codebook based pre-coding can be performed based on singular value decomposition (SVD).
2.1 Simulation Parameters
The simulation parameters are listed in table 1. 
Table 1 List of simulation parameters

	System Bandwidth
	10MHz

	Frame structure
	TDD Frame structure [2]

	Frame Size
	0.675ms

	Time slot interval between UL and DL
	0.675ms

	Useful Carriers
	600

	IFFT size
	1024

	MCS
	QPSK, Rate 1/3       QPSK, Rate 1/2

QPSK, Rate 2/3       QPSK, Rate 3/4

16QAM, Rate 1/2     16QAM, Rate 2/3

16QAM, Rate 3/4     64QAM, Rate 1/2

64QAM, Rate 2/3     64QAM, Rate 4/5

	Channel Estimation
	ideal

	Channel Model
	Pedestrian B, 6-path

	Antenna Configuations
	(2Tx ,2Rx)

	Receiver
	LMMSE Receiver

	UE Speed
	3km/h


2.2 Simulation Results
Figure 1 give the link level performance comparison between codebook and non-codebook based precoding in TDD. “PARC with 1SVD” denotes only the centred sub-carrier is performed SVD in one RB. “PARC with 25SVD” denotes each sub-carrier in one RB are performed SVD. “PARC with 1U4” and “PARC with 1U16” present the simulation results when using size-4 and size-16 codebook respectively, and using one precoding matrix within one RB.
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Figure 1 performance comparison between codebook and non-codebook based precoding in TDD
From Figure 1 we can observe that non-codebook based precoding could have a better performance due to smaller quantisation errors compared with codebook based precoding. When size-16 codebook is used the performance of codebook based precoding can approach the “1SVD” non-codebook based performance but at the cost of high complexity.
3 Performance of Codebook and Non-codebook based Precoding with Non-ideal CSI
When the speed of UE is high, the channel reciprocity will be destroyed due to the Doppler spreading and delay spreading. Furthermore, when the time slot interval between UL and DL is larger than the correlation time of channel, the channel reciprocity will be also destroyed. In this section, we analyze the performance of codebook based and non-codebook based precoding in TDD when the CSI is non-ideal.
Except for the UE speed and time slot interval between UL and DL, the simulation parameters used in this section is same with Table 1 in section 2. The simulation results are given in Figure 2 to Figure 5. From the simulation results it can be seen that:

· The transmission performance will be degraded by the high mobility.

· The performance of non-codebook based precoding outperforms the codebook based precoding performance yet with high mobility and non-ideal CSI. 
· Because the CSI is not exact anymore with the increasing of time slot interval between UL and DL, the precoding matrix used in downlink maybe not the preferred precoding matrix for current instance in codebook based precoding; moreover, the MCS selection according to the UL channel maybe not suited too. Thereby, the precoding performance will be degraded significantly.
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Figure 2 UE speed=30km, time slot interval=0.675ms
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Figure 3 UE speed=30km, time slot interval=2x0.675ms
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Figure 4 UE speed=30km, time slot interval=3x0.675ms
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Figure 5 UE speed=30km, time slot interval=4x0.675ms

4 Conclusion

In this contribution, we provided link level simulation results for comparing the performance between codebook based and non-codebook based precoding in TDD, moreover, analyzed the performance of codebook and non-codebook based precoding with non-ideal CSI. From simulation results it can be concluded that:
· Non-codebook based precoding could have a better performance due to smaller quantisation errors compared with codebook based precoding. And non-codebook based precoding does not need to feedback the precoding information.

· The performance of non-codebook based precoding outperforms the codebook based precoding performance yet with high mobility and non-ideal CSI. However, the precoding performance will be degraded significantly due to the high mobility and the delay between uplink sounding and downlink transmission.
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