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1 Introduction
Precoding has been adopted as a general processing for MIMO shared data transmission for down-link (DL) in EUTRA ‎[1]. Now the questions left are how to make this precoding works better for different channel scenarios combinations in terms of UE mobility and geometry.  In specific, the questions can be raised as:

1. When do we need channel dependent precoding and when do we need other format of precoding
2. Necessity of rank adaptation and how to do it

3. Corresponding signaling support 
In another front, SFBC has been adopted as the rank-1 transmit diversity scheme for shared data channel in LTE which can improve the performance for cell edge UE with high speed.
In this contribution, some analysis and discussion are provided with more emphasis on how to apply precoding for UE with high mobility, the need of rank adaptation for such scenario and how to conduct the rank adaptation.  The conclusions of the discussion can be summarized as follows
· At low UE speed, a codebook based channel-dependent precoding with rank adaptation is preferable.

· At high UE speed and high geometry, transmission rank-2 with fixed codeword should be utilized.
· At high UE speed and low geometry, rank-1 transmission using SFBC based transmit diversity should be utilized.

· For UE with high mobility, dynamic rank adaptation between rank-1 SFBC based transmit diversity and rank-2 fixed precoding should be utilized to increase both the throughput and coverage gain
.
2 Rank Adaptation for Fixed Precoding
As precoding process is considered as a generalized process for MIMO share data channel transmission, it should be clarified that the precoding can be categorized into two types, one is  channel-dependent precoding and the other is fixed precoding.

· Channel-dependent precoding: Based on the channel condition, UE determines the transmission rank, and codebook matrix index (PMI) and then feedbacks the PMI, rank index, and associated signal and interference-to-noise ratio (SINR) or channel quality indicator (CQI).
· Fixed precoding: Based on the channel condition, UE determines transmission rank and then feedbacks the rank index, associated SINR or CQI. In this case, no feedback of  PMI is required.
When the UE starts the communication, it might determine the transmission rank and codebook for DL transmission based on the UE speed and geometry. It won’t become an issue when the UE travels at low speed since precoding feedback vector should be relatively accurate to match the channel variation. However, when UE travels at high speed. This could become an issue as precoding feedback vector won't be able to catch the fast channel fluctuation. For such a case, a fixed precoding can be used along with rank adaptation, as illustrated in Figure 1. One simple alternative is that UE makes a decision whether the UE takes transmission rank-1 or rank-2 with fixed codebook, and then e-Node-B keeps transmission until the communication link ends. This obviously does not work well under the condition of UE traveling at high speed due to the rapid changes of path-loss and Shadowing. Gudmundson justified that the correlation distance for long-term fading is about 10 meters (with correlation of 0.3), particularly for small size cell ‎[2]. This distance can be easily covered in 100msec if the UE travels at 350km/h. Furthermore, our performance evaluation in ‎[3] has shown that the cell throughput increase between 10% and 15% for systems that allow dynamic rank adaptation between rank-1 and rank-2, over those that do not use adaptation, while at the same time maintaining a higher coverage and lower residual BLER. Thus, the preference for high speed UE is that:

· For UE with high mobility, the dynamic adaptation between rank-1 and rank-2 transmission should be considered with fixed codeword.
· The adaptation interval should be less than 100 ms due to high mobility.

· The rank-1 transmission can use fixed rank-1 codeword or rank-1 transmit diversity scheme. Rank-2 transmission can use fixed rank-2 codeword along with other techniques such as high delay CDD precoding. 
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Figure 1. Selection of DLSCH multi-antenna transmission mode.
3 Fixed rank-1 transmission and transmit diversity
If the rank-1 transmission chosen by UE with high mobility is from the current codebook, like 
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for 2x2 configuration, it is equivalent to RF combining and its performance is inferior than other rank-1 transmission, especially worse than Alamouti spatial frequency block code (SFBC). The reason is obvious as SFBC coding not only exploits the frequency and time diversity, but also maintains orthogonality between two streams and therefore minimizes intra-stream interference. It provides proven better  performance than all other rank-1 transmit diversity in all scenarios such as low geometry, high mobility, high correlated antenna etc and therefore being adopted by LTE as the transmit diversity scheme for both control and shared data channel. In comparison with SFBC, rank-1 fixed precoding simply combine the transmit power, and thus, its performance is worse than SFBC.
The following plots compare SFBC and rank-1 fixed precoding when precoding vector  
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 is used. As can be seen from the plots, the SFBC simply outperforms rank-1 fixed precoding by a margin of at least 2 dB. 
So from the simulation presented in this section, we feel that for high mobility UE, the dynamic rank adaptation for fixed precoding should be done between rank-2 fixed precoding and rank-1 SFBC based transmit diversity. 
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Figure 2: SFBC and fixed rank-1 precoding comparison, QPSK, 120 km/hr
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Figure  3 : SFBC and fixed rank-1 precoding comparison, QAM-16, 120 km/hr
4 Conclusions
This contribution is trying to provide an overall picture on how the precoding process should work under different channel conditions. Based on the analysis and simulation, we believe the following procedure should be followed for MIMO precoding to fully exploit the system throughput and coverage gain under different channel scenarios 
· For  UE with low mobility, a closed-loop codebook based channel-dependent precoding should be utilized.

· For UE with high mobility and high geometry, rank-2 transmission with fixed codebook  should be utilized.
· For UE with high mobility and low geometry, rank-1 transmission using  SFBC based transmit diversity should be utilized.

· For UE with high mobility, the dynamic rank adaptation between rank-1 SFBC based transmit diversity and rank-2 fixed precoding should be utilized to increase both the throughput and coverage gain. 
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