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1 Introduction
UL SU-MIMO has been discussed in many contributions [1][2] as an important technology to increase uplink system capacity. Similar to downlink SU-MIMO of LTE-release 8 [3], precoding technology will be an essential component for UL SU-MIMO. In order to make full use of channel reciprocity of TDD system, non-codebook-based precoding can be introduced to LTE-advanced system.

In this contribution, we analyze the feasibility and advantages of non-codebook precoding in TDD system. Simulation results show that non-codebook precoding has significant gain compared to codebook-based- precoding in UL SU-MIMO. 
2 Codebook vs Non-codebook 
In current candidate solutions for UL SU-MIMO, codebook-based precoding and non-codebook precoding are two main solutions used for UL spatial multiplexing. In codebook-based precoding, codebook is selected depending on uplink sounding reference signal (SRS). Precoding matrix index should be informed to the UE via downlink signalling.  According to demodulation reference signals, the eNodeB can detect transmitting information. In TDD system, reciprocity of DL/UL-channel is an important feature. The UE can estimate the channel information utilizing the downlink reference signals. Then uplink precoding is performed based on the downlink channel information. In this process, no signalling of PMI is needed. Furthermore, from MIMO theory, non-codebook-based precoding has obvious gain compared to codebook-based precoding because of the transmitter with accurate channel information.
Another factor should be considered is channel delay. In the codebook-based precoding, uplink channel estimation relies on the SRS.  From channel acquisition in eNodeB side to data transmission in UE side, latency may be considerable compared to non codebook-based precoding.  When the speed of a UE exceeds certain threshold, performance degradation might not be negligible.
From above analysis, three advantages of non-codebook-based precoding can be outlined as follows:

· More accurate channel measurement
· Less signalling overhead

· Less feedback delay

In addition, antenna calibration is necessary in non-codebook-based precoding. From real application in TD-SCDMA system, antenna calibration is not difficult. In case of UL non-codebook precoding, calibration in the UE end should be carried out.
3 Simulation result
To assess the performance of codebook-based preocding and non-codebook-based precoding, some link-level simulation is performed. In the uplink transmission, the SC-FDMA is still assumed. Based on 2x2 and 2x4 antenna configuration the performance evaluation of UL-SU MIMO precoding is performed. The simulation assumptions are as given in Table 1:
Table 1. Simulation assumptions

	Parameter

	Assumption

	Antenna configuration
	2×2，2×4 

	Distance of UE antennae
	0.5 lambda

	Distance of BS antennae
	10 lambda

	Codeword number
	2

	Bandwidth
	5M

	Channel estimation
	Perfect

	Channel model
	SCM-UrbanMacro

	Modulation scheme
	QPSK/16QAM/64QAM

	Code rate 
	1/5、1/4、1/3、1/2、2/3、3/4、4/5

	Channel code
	Turbo code

	HARQ retransmission number
	4

	Carrier frequency
	2.0 GHz

	Receiver 
	LMMSE

	Feedback delay
	Perfect

	Scheduled resource  block
	6 RB

	UE mobile speed
	3km/s


The results are depicted in Figure 1 and Figure 2.  It is shown that Non-codebook-based precoding has significant gain over codebook-based precoding.  From the low SNR to high SNR, stable performance gain can be obtained in wide range of SNR. This means that non-codebook-based precoding can be deployed in different scenarios.  As a candidate solution, non-codebook-based precoding is robust and feasible. For 2×4 case, due to the stronger receiver, gain becomes small. But in a wide SNR range, performance improvement of non-codebook vs. codebook is still clear.
The detailed gain is shown in the following table:
                        Table 1   Performance Gain of non-codebook precoding

	
	Codebook throughput
	Non-codebook throughput
	Gain

	2×2 MIMO

  (Es/N0=12d B)
	2.19
	3.26
	48%

	2×4 MIMO

  (Es/N0=12d B)
	4.97
	5.38
	8%


In Table 1, the throughput gain of non-codebook is delightful. Because of more accurate channel information in non-codebook based precoding, throughput increase is definite. 
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Fig.1 Performance comparison of UL 2×2 SU-MIMO
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Fig.2 Performance comparison of UL 2×4 SU-MIMO
4 Conclusion
This contribution presents candidate precoding solutions of UL SU-MIMO and shows the performance difference between codebook-based precoding and non-codebook-based precoding. From LTE to LTE-Advanced, we should consider fully potential enhanced technology. As a basic feature, channel reciprocity of TDD system can improve system design significantly.  As presented in second section, more accurate channel measurement, less signaling overhead and less feedback delay are main advantages for non-codebook vs codebook. Simulation results also show that non-codebook-based precoding offers obvious gain compared to codebook-based precoding. Hence, non-codebook-based precoding is a competitive solution in the evolution of LTE TDD system.
Text proposal for TR36.xxx
-------------------------start of text proposal -------------------------------

6. Uplink Transmission Scheme

6.x Uplink Non-codebook-based precoding

      Non-codebook-based precoding is an enhanced technique for UL SU-MIMO in TDD system. When a UE is informed to uplink data transmission, the UE firstly gets channel information from the downlink reference signal, and performs precoding for uplink transmission. Precoding vector doesn’t need to signal the UE.  In the process of precoding, channel reciprocity of TDD system is utilized.
--------------------------end of text proposal -------------------------------
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