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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 RAN1#54 meeting, we have analyzed the feasibility and advantages of non-codebook based precoding in TDD system [4]. Simulation results have shown that non-codebook precoding has significant gain compared to codebook-based-precoding in UL SU-MIMO. 

In this contribution, we firstly review the technical advantages, and then provide our view on impact of specification and the calibration at terminal for uplink non-codebook-based precoding. 
2 Technical advantages 

For the 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 transmitted 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
3 Impact on specification
Current specification only supports single port transmission in uplink, the impact on specification is indispensable when introducing   non-codebook-based precoding. The following aspects may be necessary to be defined clearly:
· Need to define a new transmission mode of PUSCH 
· Need to clarify the CQI estimation or MCS selection mechanism, e.g. with the aid of uplink SRS or demodulation reference signals, etc
· Need to define a new DCI format for non-codebook pre-coding

· Potential standardization need for calibration, if phase errors can be transmitted via air interface
4 Calibration at terminal
In non-codebook based precoding, UE can utilize these reference signals and the channel reciprocity to obtain the channel information. With the channel information obtained the UE can implement the non-code book based pre-coding MIMO technique to obtain closed loop MIMO gain. If the phase errors among different antenna ports are large, calibration of different antenna ports may be necessary. From previous contributions of LTE, two main methods were provided as follows:
Method A: Adding calibration circuit in the UE end
Method A is implemented independently in the UE side, so No standardization is needed. But adding additional coupling circuit in the UE is necessary. Thus, some unfavorable factors need to be considered, such as size, cost, etc. In the fact, mutual calibration in different antenna ports is feasible at certain degree. Obviously it is preferred when utilizing mutual calibration.
 Method B: Information feedback via air interface 
 For this method, some information feedback from the eNB to the UE is performed in the air interface, and it makes standardization necessary. Based on method B, the following options are available:
· Option1: Firstly the eNodeB calculates phase errors of multiple antennae of the UE through uplink reference signals and feedbacks them to the UE, and the UE calibrates the phase errors among different RF ports. This method is similar to the proposal in R1-071048 by Ericsson.
· Option2: The eNodeB calculates uplink channel information through uplink reference signals, and  feedback it to the UE, while the UE estimates downlink channel information based on downlink reference signals, and then the UE performs phase error estimation according to two channel information. This method is similar to the proposal in R1-080494 by Qualcomm.  
In the method B, Feedback overhead depends on antenna number, bandwidth and physical property of RF circuits
Experiment result indicates that the phase or timing shift of RF circuits mainly depends on temperature, humidity. If initial calibration is performed, phase errors of different RF ports maybe not large. If the phase jitter of RF circuit in normal state is not sharp, perhaps calibration need not be considered. Anyway, further research is needed. 
5 Conclusion
Non-codebook based precoding has shown significant gain in Uplink SU-MIMO for TDD system. This contribution presents some views on the impact of non-codebook-based pre-coding on the specification. The calibration is necessary at the terminal and implementation is of most concern in the industry. We provide the preliminary investigation on the terminal antenna calibration, and we also show that calibration at terminal is possible without much difficulty.
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