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1. Introduction
This contribution discusses feedback design for LTE-A. In RAN1 #61 meeting, companies reached an agreement on the feedback design for LTE-Advanced system [1].
· A precoder W for a subband is obtained as a matrix multiplication of the two matrices (Wk , k = 1, 2) 

· Note that two codebooks need to be designed

· Note that a kronecker structure is a special case

· Note that the matrices can have block structure (e.g. block diagonal) 

· Some codebook proposals may require explicit normalization 

· For 8 Tx, the precoder W can take on the form of

· For rank 1, at least 16 different beams (grid of beams) for co-polarized ULA

· The beams fully utilize all PAs and each beam achieves the maximum possible array gain 

· Example: DFT based precoder vectors

· For rank 1 and rank 2, at least 8 different beams (grid of beams) for each group of 4 co-polarized antennas in the closely spaced cross-polarized setup

· The beams fully utilize all PAs and each beam achieves the maximum possible array gain 

· Example: DFT based precoder vectors

· Additional precoders are not precluded
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At least for a (configurable) subset of the precoders W obeys the following properties

· Full PA utilization property, i.e.,
· Orthogonal columns with same norm (unitary precoding)
In this contribution, firstly feedback design principles for LTE-A are summarized. Then our views on feedback design for LTE-Advanced systems are shared. Lastly, conclusions are made.
2. Feedback Design Principles for LTE-A
With discussion on feedback design for LTE-A in several meetings, the following design principles have been commonly acknowledged:
· Feedback supports single-cell SU-MIMO and MU-MIMO.
It is agreed in RAN1 #59b meeting to support this dynamic switching between single-cell SU-MIMO and MU-MIMO. Thus, it needs feedback support for this switching.
· Implicit feedback (PMI/RI/CQI) is used for Rel.10.
· Precoder has structural property with two codebooks.
The precoder for a subband is composed of two matrices which are designed separately. One matrix targets wideband and/or long-term channel properties. The other matrix targets frequency-selective and/or short-term channel properties.
During the design of feedback scheme, we also pay attention to the following aspects:
· Performance improvement with small feedback overhead increase
Performance gains have to be achieved with enhanced feedback compared with Rel.8 and Rel.9 system. Furthermore, the increase of feedback overhead is also kept as small as possible.
· Robustness 
Feedback scheme should fit to various deployment scenarios, which include all antenna configurations and UE location.
3. SRS assisted two codebook feedback
With the above design principles, some good feedback schemes are provided. Based on these schemes, we share our views on feedback scheme which can fit for various deployment scenarios. It has the following characters.
· Multiple-Granularity codebook structure
It is well known that the channel can be divided into two parts. One part represents the long term channel statistics. The other part represents short term realization. The multiple granularity precoder with two codebook structure is proposed based on this channel property [2-6]. Each channel part is quantized by independent codebook. The quantization results are fed back with different feedback period. In detail, one channel part is denoted by the channel long term wideband correlation matrix. It may be obtained by mobile station feedback or estimation with channel reciprocity. The other channel part for short term realization is denoted by another matrix. It may be obtained by UE feedback. With channel reciprocity and SRS assistance, the base station can obtain channel long term wideband correlation matrix R without increasing feedback overhead.  Therefore, SRS assistance can be well combined with two codebook structure.
Proposal:
· SRS is used to assist two codebook feedback.
· Differential feedback
We can choose feeding back channel of short term part with one short term codebook C2. This codebook may come from new designed 8Tx/4Tx codebook or DTF codebook. From the considering aspects for feedback design in Sec.2, we know that the designed feedback scheme should fit to various deployment scenarios. From the simulation results [7-9], we know that feedback scheme with codebook adaption achieve better performance in spatial correlated channel, such as closed space ULA deployment. However, in spatially uncorrelated channel, it only achieves limited performance gain. Therefore, if the differential codebook is used, the system may achieve more performance gain in uncorrelated scenarios. In this situation, the basic feedback part is fed back by base codebook C1. It has with larger feedback period (MN). The differential feedback part is fed back by differential codebook C2. It has small feedback period (N). 
Proposal:
· Optionally, differential feedback may be used to improve the system performance in uncorrelated channel scenarios.
· Multiple PMI feedback
From the design principles in Sec.2, we know that designed feedback scheme need support single-cell SU-MIMO and MU-MIMO. Therefore, it is necessary to provide some feedback support for MU-MIMO. To reduce the interference between users, the base station needs to know full channel spatial information or null space information. Thus, the additional best companion PMI can provide the needed null space information [10-11]. It can be fed back by the mobile station with larger feedback period. The short term codebook C2 is also used to quantize best companion PMI.
Proposal:
· Best companion PMI is fed back with larger feedback period.
· SRS assistance
It is generally believed that long term wideband channel covariance matrix has reciprocity between uplink and downlink [12]. The uplink long term wideband channel covariance matrix can be obtained by the SRS. Therefore, the base station can get the downlink long term wideband channel covariance matrix by channel reciprocity. Especially when the reciprocity between uplink and downlink is not accurate in some application scenario, the long term wideband channel covariance of downlink may be not in accordance with that of uplink. In this special situation, the mobile station may be configured to feed back some downlink long term wideband channel covariance matrix by PUSCH.
Proposal:
· SRS is used by base station to obtain long-term wideband channel correlation matrix.
· Optionally if the channel reciprocity is not accurate, the mobile station may be configured to feed back some downlink long term wideband channel covariance matrix by PUSCH.
According to the above description, the feedback scheme may be illustrated in the following figure. 
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Figure 1 Feedback scheme illustration
4. Conclusions
Based on the above discussion, our proposals are as follows.
· SRS is used by base station to obtain long-term wideband channel correlation matrix.
· Best companion PMI is fed back with larger feedback period.
Optionally, the following feedback may be needed to enhance the system performance under some application scenarios.
· Optionally, if the channel reciprocity is not accurate, the mobile station may be configured to feed back some downlink long term wideband channel covariance matrix by PUSCH.
· Optionally, differential feedback may be used to enhance the system performance in uncorrelated channel scenarios.
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