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1. Introduction

By now, various close-loop MIMO techniques, which include spatial multiplexing, diversity and beamforming, are put forward to meet the requirements of spectral efficiency, throughput and reliability of EUTRA. It is commonly agreed that no one technique can achieve the optimal performance in all scenarios; hence several proposals about MIMO may be adopted in EUTRA, which means that the feedback design should support these MIMO techniques. To summarize, current MIMO proposals should work well in following conditions

· Different channel environments

· Different UE mobility up to 350km/h

· Different SNR

Unfortunately, most of these MIMO downlink proposals only consider the feedback of the instantaneous channel state information (I-CSI), which is calculated based on the channel matrix at each sub-frame [1]. However, the feedback errors always exist due to channel variation for feedback delay in high UE mobility and low SNR caused by low UE power, shadowing and long range at cell edge, and MIMO performances will degrade dramatically. To improve system throughput and reduce BER, MIMO feedback based on statistical channel state information (S-CSI) should be considered and S-CSI is calculated based on the long-term average of the channel or channel correlations. There are also some other questions to be further answered including whether the pre-coding and the rank adaptation are required [1].

2. SCI calculation

As pointed out in [6], long-term statistics of the channel should be utilized at high UE speed. More than that, we think that long-term statistics of the channel is also useful in high feedback errors as will be explained later. For simplicity, the channel model of MIMO is expressed as
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where x is the received baseband signals, H(kT+t) is the channel matrix at the sub-frame kT+t, s is the transmitted symbols and n is the noise vector. Then we calculate the statistical transmit correlation matrix based on the following iterative method
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Then the statistical transmit correlation matrix is normalized by noise variance as
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Finally, the statistical transmit correlation matrix is quantized, compressed and fed back to the transmitter.

Whether the calculation of the statistical transmit correlation matrix is at all subcarriers, in each chunk or in several continuous chunks should be further studied.

3. Feedback design for MIMO downlink
For MIMO downlink, the feedback is taken place in the uplink. Because of low transmission power and mobility of UE as well as the complexity of communications environment, we think that the following requirements for feedback design is necessary
· To support multiple transmit modes

· To support I-CSI and S-CSI

· I-CSI is fed back at every sub-frame and S-CSI is fed back at several sub-frames

· Stream number
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Figure 1 Sub-frame structure for S-CSI feedback

Figure 1 shows the sub-frame structure of uplink when S-CSI and other information is fed back once every T sub-frames, where feedback mode denotes whether S-CSI or I-CSI is fed back and Tx mode represents which transmitting method will be adopted. Stream number is determined by the channel conditions, Node B antenna numbers and UE antenna numbers.
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Figure 2 Sub-frame structure for I-CSI feedback

Figure 2 shows the sub-frame structure of uplink when I-CSI and other information are fed back every sub-frame.

The choice of S-CSI or I-CSI obeys the following criterions, i.e. if the UE speed or feedback errors are more than predefined values, then S-CSI feedback is selected. Due to the stability of the long-term statistics of the channel, feedback errors can be corrected by two former feedback spatial correlation matrices, i.e.
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where ( is a coefficient smaller than 1, 
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 is the predicted matrix. Now we check the normalized element value of 
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where (, NT and NR are a constant, Node B antenna number and UE antenna number respectively. If equation (5) is true, then we replace 
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4. Transmitting scheme

The generalized schematic of existing downlink proposals for E-UTRA are presented in [3, 4] and we give a similar schematic including both of transmitter and receiver as shown in figure 3. The feedback information is received and detected at the transmitter and we select a proper MIMO transmitting method according to the feedback mode and Tx mode. If S-CSI is fed back, we map the spatial correlation matrix into a group of orthogonal basis corresponding to the selected transmitting method. Then each data stream is allocated an AMC and a given power, linear precoded and transmitted after multi-carrier transformation. If I-CSI is fed back, similar procedure is performed.
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Figure 3 Generalized schematic of MIMO downlink for EUTRA

5. Conclusions

In this contribution, we give the feedback design for EUTRA MIMO downlink. In summery, we think that

· Multiple transmit modes should be supported

· Both of I-CSI and S-CSI should be considered

· I-CSI is fed back at every sub-frame and S-CSI is fed back at several sub-frames

· Both the pre-coding and the rank adaptation are required

6. 





· 
· 
· 



· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 

References

[1] 3GPP TR25.814, “Physical layer aspects for Evolved UTRA”
[2] 3GPP TR25.913, “Requirements for Evolved UTRA and Evolved UTRAN”
[3] R1-051455, “MIMO techniques for Downlink E-UTRA”, NEC Group

[4] R1-051478, “Multiple antenna solutions for E-UTRA”, Ericsson

[5] R1-051504, “TP on possible MIMO schemes for OFDM-based E-UTRA Downlink”, QUALCOMM Europe

[6] R1-050715, “EUTRA Downlink MIMO Requirements and Design”, Motorola

Note: The paper is based on the work in Southeast University, China








































_1196599553.unknown

_1196600771.unknown

_1200896982.doc


















































































































kT Sub-Frame











Feedback Mode, Tx Mode, 



S-CSI, Stream Number















































Feedback Mode, Tx Mode, 



S-CSI, Stream Number



























































































































(k+1)T Sub-Frame




















































































_1200897061.doc


















































































































kT Sub-Frame











Feedback Mode, Tx Mode, 



I-CSI, Stream Number















































Feedback Mode, Tx Mode, 



I-CSI, Stream Number



























































































































kT+1 Sub-Frame
































































_1196600846.unknown

_1197361587.doc


  






Output



Data







Input



Data







Link Control







Feedback Mode; Tx Mode;



S-CSI or I-CSI; Stream Number







Channel Estimation 











Detection







Receiver







Multi-carrier



Transformation







Power Allocation



Linear Precoding







AMC







AMC







Demux







Stream



Number












_1196600845.unknown

_1196599868.unknown

_1196599869.unknown

_1196599765.unknown

_1196577402.unknown

_1196577898.unknown

_1196576566.unknown

