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1. Introduction

This document discusses the UE feedback information on MIMO in accordance with way forward in recent e-mail discussion.
2. Discussion
2.1. UE feedback information (e.g. CQI reporting) for MIMO support
The candidates fed back from UEs to the Node-B for closed loop MIMO would be the channel conditions of individual UE, e.g. channel state information (CSI), channel quality indicator (CQI), rank selection and precoding matrix information. Various closed loop MIMO schemes have been proposed with different amount of feedback requirements. Moreover, ACK/NACK bits for multiple codeword (MCW) would be also one of specific discussion point for MIMO.
The feedback methods, signalling amount and required rate of feedback would have significant impact on the overall performance of the MIMO schemes. Table 1 shows general descriptions for each item.
Table 1. Possible feedback for MIMO

	Information
	Feedback method
	Signalling amount
	Required rate of feedback

	Channel state information (e.g. precoding matrix information)
	Pure codebook based approach
	Several bits according to codebook size
	Once per several subframes, per grouped RBs

	
	Codebook based approach using one-shot and continuous mode 
	Several bits for one-shot mode and continuous mode independently
	Once per several subframes per RB

	Channel quality indicator (CQI)
	Multiple CQIs
	5 bits per codeword
	Once per several subframes, per grouped RBs or using some reduction scheme (e.g. best-M, DCT)

	
	Single CQI + differential CQI(s)
	5 bits for single CQI and less bits for each differential CQI(s)
	Once per several subframes per grouped RBs

	Rank and mode selection
	Some indicator as suggestion for the selection by nodeB (e.g. fading correlation, geometry)
	Several bits as a higher layer message
	Slow to track slow fading such as correlation, the number of resolvable paths

	ACK/NACK
	Same as non-MIMO case
	1 bit per codeword
	Every TTI depending on the scheduling allocation


2.2. CQI reporting 

As shown in Table 1, the most significant impact to feedback signalling would be CQI reporting. We further discuss the CQI reporting scheme for MIMO transmission with its reduction and transmission scheme.
CQI reduction in spatial domain
The CQI feedback reduction scheme in spatial domain without severe performance degradation would be required e.g. differential CQI [3]. Moreover, the way of expression for differential value should be investigated. One solution is to set large quantization step to codeword with bad CQI. The proposed scheme in [5] could be considered as a special case, which is no CQI is transmitted for codeword with bad CQI.
CQI reduction in frequency domain
Several CQI reporting methods have been proposed e.g. best-M and DCT algorithm in non-MIMO case. We should take into account the relation with non-MIMO case.
Transmission scheme in uplink
The transmission scheme in the uplink should be investigated. Typical scenario for multiple codeword operation would be modest geometry region. This characteristic might be used well also in the uplink. The relation with uplink MIMO for example the transmit antenna selection [6] should be also discussed.
3. Conclusion
We discussed the UE feedback information for MIMO support. In addition, especially, we further discussed CQI reporting aspect.
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