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1 Introduction
In RAN1#59bis, the importance of enhanced MU-MIMO in Rel.10 was agreed and it was also particularly noted that the supported enhanced MU-MIMO is in relation to improved accuracy of spatial feedback. In other words, the limitation of Rel.8 PMI feedback regarding MU-MIMO operation has been well recognized. 
Accordingly, a double-codebook precoding based feedback framework was agreed for Rel.10 in RAN1#60. 
· A  precoder for a subband is composed of two matrices 

· The precoder structure is applied to all Tx antenna array configurations

· Each of the two matrices belong to a separate codebook

· The codebooks are for further study

· The codebooks are known (or synchronized) at both the eNodeB and UE

· Codebooks may or may not change/vary over time and/or different subbands

· That is, two codebook indices together determine the precoder

· One of the two matrices targets wideband and/or long-term channel properties 

· The other matrix targets frequency-selective and/or short-term channel properties

· Note that a matrix codebook in this context should be interpreted as a finite enumerated set of matrices that for each RB is known to both UE and eNodeB.

· Note that Rel-8 precoder feedback can be deemed as a special case of this structure

By exploiting wideband/long-term and frequency-selective/short-term channel state information, the double-codebook precoding framework should target on efficiently improving the accuracy of spatial feedback.

In this contribution, some issues regarding the double-codebook feedback, impacts on UL signalling and the comparison among various advanced feedback candidates of the double codebook feedback are discussed.
2 Comparison between different advanced feedback schemes

In this section, various advanced feedback candidates, which satisfy the double-codebook framework, are qualitatively compared from the feedback overhead and performance perspectives.

	Enhanced feedback schemes
	Pro
	Con

	Adaptive Codebook[1][2]
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, where R is quantized long-term CSI, H is a generic MIMO channel matrix and 
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is a codeword in a predefined codebook 

	
	· Small overhead

· Good performance
	Less performance improvement in uncorrelated channel

	Differential Codebook in Time Domain [3]
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represent a generic differential function,
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denotes predefined differential codebook and 
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is previously updated short-term channel information.

	
	· Small overhead

· Good performance
	· Propagation error

· Consecutive PMI reporting requirement

	Multiple-rank PMI [4]
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represent a predefined function known by both eNB and UE,
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denote multiple-rank precoding matrix indices. 

	
	· Flexibility in terms of MU-MIMO precoding and scheduling
	· It is still arguable about the benefit to schedule rank>2 UE for MU-MIMO
· Low feedback efficiency

	MDC [5]
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is one of predefined rotational matrices, H is is a generic MIMO channel matrix and 
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is a codeword in a predefined codebook.

	
	· Moderate performance

· Less feedback overhead

· No propagation error


	· Consecutive PMI reporting requirement

· Design difficulty to make sure each codebook in MDC has similar performance.


3 Double-codebook precoding for 4Tx

MU-MIMO has been well recognized as one of the most important approaches to make Rel.10 WI meet ITU-R requirement for IMT-Advanced. However, with 4 Tx deployed at eNB, it has been shown that Rel.8 PMI feedback is not sufficient to fulfil the benefit of MU-MIMO. Due to the feedback overhead limitation, it is also not realistic to assume significant increasing of the codebook size.
The agreed upon double-codebook precoding provides a solution which can potentially improve the feedback accuracy, while maintaining the feedback overhead compatible to Rel.8 feedback channel structure. 
The important feedback philosophy behind the double-codebook precoding approach is to differentiate the channel state information (CSI) feedback periodicity based on different statistic properties. More specifically, a generic MIMO channel can be denoted by 
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 represent the long term channel statistic and short term channel realization, respectively. It is obvious that the components in
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have very different coherent time and bandwidth. It is therefore inefficient to feed back all CSI with the same paces regardless of their unique statistic features. 

The similar observation has also been captured and reflected in Rel.8. For example, RI report periodicity can last for a few radio frames due to its relatively long coherent time compared to PMI feedback. Regarding the feedback for double-codebook precoding, it is also reasonable to feed back PMI, which represents the short-term/frequency selective channel variance, in a short period and the long-term/wideband channel variance, which has larger coherent bandwidth/time, can be updated much slower. 

It is noted that the feedback periodicity of the long-term channel variance should be configurable not only to accommodate different channel coherent time/bandwidth, but also to solve a potential issue when the feedback channel is not error free. More specifically, by configuring the feedback periodicity, eNB can trigger the UE to update and feed back the long-term channel information upon necessary. 
Based on the discussion above, we thereby propose
· For 4 TX, PMI feedback accuracy in Rel 10 should be improved over Rel.8 feedback and the design should be within the double-codebook precoding framework
· The feedback granularities/periodicities of two codeword indices in double-codebook precoding framework should be independently configured.
· No more than two codebooks are defined
4 Impact on UL signalling
Providing the accurate enough channel state information feedback for MU-MIMO, it is always desirable to reduce the impact of enhanced feedback scheme on the existing feedback channel structure. However, UL signalling defined in Rel.8 might have big impact on the implementation and potential of double-codebook precoding. Some examples are

· Format and size of PUCCH.  E.g. how to flexibly support various sizes of feedback overhead
· CQI/PMI feedback granularity. E.g. simultaneously feed back subband PMI and subband CQI.
As a result, we propose

· Strive to reuse Rel.8 UL signalling format
· Enhanced UL signalling should be supported,  if sufficient performance gains in realistic scenarios are demonstrated for at least MU-MIMO
5 Conclusions
Various double-codebook precoding proposals are compared from feedback and overhead perspectives. Based on the discussion on feedback for 4 Tx, we propose

· For 4 TX, PMI feedback accuracy in Rel 10 should be improved over Rel.8 feedback and the design should be within the double-codebook precoding framework
· The feedback granularities/periodicities of two codeword indices in double-codebook precoding framework should be independently configurable

· No more than two codebooks are defined

Regarding the impact of double-codebook precoding on UL signaling, we propose 
· Strive to reuse Rel.8 UL signalling format
· Enhanced UL signalling should be supported,  if sufficient performance gains in realistic scenarios are demonstrated for at least MU-MIMO
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