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1. Introduction
In the recent discussions in RAN1 on Rel.10 feedback, it is shown by many companies [1] that improved MIMO performance can be achieved with reduced quantization error of MIMO feedback. Feedback for SU-MIMO may be consistent with that in Rel. 8 with codebook designed for high correlated channels [2]. On the other hand, MU-MIMO should be included in Rel. 10 to support high throughput and coverage which impose challenge over feedback. More accurate CSI feedback is required for multiple user paring, inter-user interference suppression and accurate CQI estimation or MCS prediction. It would be of interest if UE feedback could be suitable for both MU and SU-MIMO operation [3].
At the previous RAN1#60 meeting in San Francisco, the following basic framework for feedback enhancements was agreed [1]:
· Implicit feedback (PMI/RI/CQI) is used also for Rel-10

· UE spatial feedback for a subband represents a precoder (as constructed below) 

· CQI computed based on the assumption that eNode B uses a specific precoder (or precoders), as given by the feedback, on each subband within the CQI reference resource

· Note that a subband can correspond to the whole system bandwidth

· 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 (WL hereafter) targets wideband and/or long-term channel properties 

· The other matrix (WS hereafter) 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

As discussed in WG1 meeting in Beijing, Way forward on Rel. 10 feedback [5] and its previous versions [3, 4] agreed that,
· A precoder W for a sub-band is a function of two matrices W1 and W2, i.e. where W1 ( C1 and W2 ( C2. The codebooks C1 and C2 are codebooks one and two, respectively.

· W1 targets wideband/long-term channel properties

· W2 targets frequency-selective/short-term time channel properties

· For PUCCH, the feedback corresponding to W1 and W2 can be sent in different or the same subframe (unless it turns out that the payload is too large to ever send W1 and W2 in the same subframe on PUCCH).

· Periodic and aperiodic reports are independent

· For PUSCH: FFS

· FFS whether feedback corresponding to W1 and/or W2 may be switched off
In this contribution, we shall give our considerations on Rel. 10 feedback with two codebooks and related issues of codebook design.
2. Considerations on Codebook based feedback
2.1. UE feedback for MU-MIMO and SU-MIMO
First we consider possible differences between feedback for MU-MIMO and SU-MIMO:

· Maximum transmission rank
· The maximum number of layers per UE in MU-MIMO will be no more than 2 as 
discussed in [2]. However, the maximum number of ranks supported in SU-MIMO is 
not restricted. In implicit feedback mode, the PMI of selected codeword may be not 
restricted from such rank limitation. 
· Feedback types
· Multiple types of feedback may be transmitted, for example PMI computed and CQI 
prediction under assumptions of both SU-MIMO and MU-MIMO transmission. 
However, the feedback periods of PMIs from two codebooks may be different since that 
they reflect different aspects of channel characteristics, e.g., short term fluctuation, long 
term correlation. In general, the feedback period of PMI from wide-band codebook 
should be shorter than the PMI from sub-band codebook. Moreover, the feedback 
periods can also be configured by eNodeB
· Codebooks for feedback
· According to the WFs on feedback and codebook design [1, 3, 5], two codebooks should 
be designed with different aims in feedback and precoding. Wide-band codebook aims 
to reflect the channel correlation at both UE and eNodeB sides and long term variation 
of the channel, while sub-band codebook aims to reflect the short term fluctuation of the 
MIMO channel. So wide-band codebook should be designed suitable for highly 
correlated channels whilst sub-band codebook suitable for uncorrelated channel. From 
two PMIs from these 
two codebooks, more accurate CSI may be achieved at eNodeB 
side.
· Precoding at eNodeB
· Assuming that the two PMIs are available at eNodeB, and the corresponding wide-band 
and sub-band codewords are denoted by w1 and w2, in SU-MIMO case, the precoder 
can be chosen as w2 or
                                   w3 = w1(w1Hw1)-1w1Hw2                                                                        (1)

or 

                                     w4 = w2(w2Hw2)-1w2Hw1                                                                         (2)

· The precoder w3 or w4 is actually the modified CSI based on the two codewords, 
because that w3 (w4) is projection of w2 (w1) onto the subspace spanned by w1 (w2).

On the other hand, when MU-MIMO is adopted, interference between co-scheduled 
users accounts to the link level performance of each co-scheduled UE. The precoding 
matrix may be calculated as following zero-forcing beamformer,
                                  w = [w1 w2]([w1 w2]H[w1 w2])-1                                                            (3)

where w1 and w2 are the selected codewords from wide-band codebook corresponding 
to UE1 and UE2 respectively.
3. Codebook design
3.1. Sub-band Codebook design
For the design of sub-band codebook, it should be desirable that sub-band codebook is suitable for uncorrelated channel scenario due to that the short term fluctuation of CSI over sub-band is more important than long term correlation. Thus the sub-band channel can be regarded as uncorrelated. Currently, there is little effort in uncorrelated codebook design for Rel. 10 because most companies focused on the dual-polarized channel model in codebook design. The following features can be considered to facilitate PMI selection at UE side,
· MU-MIMO dimensioning

· Constant modulus property

· Finite alphabet

· Nested property

One of the popular design criteria in uncorrelated codebook design is to maximize min1≤i<j≤N dc(Ti, Tj), where dc(Ti, Tj) is chordal subspace distance of codewords Ti  and Tj defined below [6],
                                                     dc(wi, wj) = ||TiTiH - TjTjH||F                                                                      (4)
Appling the constraints of constant modulus and finite alphabet, we assume that each element of codeword in the codebook has the form of x = ejkπ/4, where k is an integer from 0 to 7. The problem of codebook design is reduced to find out the phase of each element of each codeword in the whole codebook. The complexity optimum finding is prohibitively high so that we suggest to seek for a sub-optimal solution by using genetic algorithm which is commonly used in combinational optimization, please refer to [7] for more details of such class of applications.
3.2. Wide-band Codebook design

Wide-band codebook is used for CSI feedback to indicate the wideband or long term channel characteristic. Thus such codebook incorporates or reflects the correlation at both transmit and receive antenna arrays. Several companies proposed the correlated codebook design for highly correlated channel, such as dual-polarized antenna configuration with half wavelength spacing of antenna. Moreover those codebook designs also took the considerations of the link level performance in lowly correlated channel. In general, the following features were also considered in design,
· MU-MIMO dimensioning

· Constant modulus property

· Finite alphabet

· Nested property

4. Conclusions
Based on the above discussion, our proposals are as follows.

· 
Multiple feedback type should be supported. The feedback of the two PMIs from 
different codebooks may have different periods.
· 
For SU-MIMO, two PMIs from wideband and subband codebooks together determine 
the precoder.

· 
For MU-MIMO, PMI from wideband codebook should be used to determine the 
precoding matrix.

· 
Two codebooks may be designed for uncorrelated and highly correlated channels.

· 
The design of both two codebooks should consider the following features

· Constant modulus property

· Finite alphabet

· Nested property
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