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1. Introduction
Downlink high-order MIMO has been discussed in many contributions as an important technology evolution to increase downlink system capacity in LTE-A. Precoding technology based on UE feedback will still be an important technology as in LTE Rel-8 for downlink transmission. In RAN1 57# meeting, some decision about precoding feedback in LTE-A is made as follows:
· Codebook-based precoding feedback for single cell SU-MIMO as working assumption

· Continue discussion in relation to CoMP feedback, MU-MIMO discussion
· Continue discussion about possibility of not having codebook-based precoding feedback

In the recent meetings, feedback for Rel-9 dual-layer beamforming was also discussed. From the agreed way forward in [2], the conclusions on feedback in Rel-9 are:
· TxD based and also PMI based feedback modes supported for both TDD and FDD
· Baseline:  No PMI feedback for TDD and FDD
· PMI based feedback is also supported for TDD and FDD
· Re-use Rel-8 feedback modes as much as possible.
In this contribution, different feedback modes are discussed for LTE-A downlink transmission. As a basic principle, the feedback modes in Release8 and Release9 should be considered as much as possible. The possible extension to multi-cell CoMP is also discussed.
2. UE feedback for downlink transmission
2.1. Implicit feedback mode 
As a basic feedback scheme in LTE Rel-8 and Rel-9, codebook based precoding feedback as well as RI and CQI feedback are also supported in LTE-A with new codebook at least for 8 transmit antennas [1].
Codebook based precoding feedback
Different antenna configurations and application scenarios should be considered while designing the codebook for LTE-A transmission to optimize the performance not only for new 8tx codebook but also for 2tx and 4tx codebooks. That is, for example, independent design should be considered for co-polarized array and cross-polarized array, also for SU-MIMO and MU-MIMO. Therefore it’s worthwhile considering whether the codebooks in LTE Rel-8 can be reused for LTE-A transmission since the codebooks are not optimal for LTE-A scenarios and may lead to performance loss.
For SU-MIMO transmission, the CQI/RI/PMI estimation as well as feedback format can reuse that of close loop precoding in LTE Rel-8 just with extended overhead since the size of codebook and value of rank may increase to match more complicated channel conditions in LTE-A. The performance of reused codebook based precoding feedback is acceptable for single cell SU-MIMO transmission.
For MU-MIMO transmission, it should be carefully studied whether the feedback mode of MU-MIMO in Rel-8 can be reused. The performance of MU-MIMO may degrade due to non-ideal MU scheduling and precoding processing in eNB with limited codebook feedback, especially for 2tx and 4tx codebooks which are not designed for MU scenarios. On the other hand, potential supports of higher order MU-MIMO such as rank>1 transmission and rank adaptation per user in LTE-A also require more enhanced feedback. PMI based precoding feedback and CQI feedback as in Rel-8 can hardly meet the requirement of MU-MIMO transmission in LTE-A. BCI feedback as mentioned in [10] may be a candidate if double PMI and CQI feedback overhead is not a serious issue compared to performance gain.
Enhanced PMI+SRS based precoding feedback
Considering that in LTE-A the demodulation in downlink relies on DMRS rather than CRS as in LTE Rel-8, the precoding vectors are not necessarily codebook-based. Limitation in the application of PMI feedback especially in MU-MIMO and CoMP can be overcome by combining PMI feedback and long term channel information. In [3], a hybrid precoding mode so-called adaptive codebook is introduced, which makes use of long term channel correlation information to improve codebook performance. Considering it is hard to restrict UE behavior to estimate PMI and CQI without specification impact, we can simply exploit long term CSI to enhance PMI feedback to operate more accurate precoding without any specification impact. For example, the precoding matrix can be obtained as follows:
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 is the codeword feedback from UE, F is the maximal L (L is the RI feedback from UE) eigenvectors of effective correlation channel:
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Where, 
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is the statistical CSI. The long term CSI is hard to be fed back from UE costing considerable feedback overhead but it is easy to be obtained from SRS since the long term channel reciprocity is available regardless of non-ideal issues even in FDD system [4]. ​
Combining instantaneous CSI from PMI and long term CSI from SRS, the hybrid precoding feedback can provide better performance than PMI based precoding at least for MU-MIMO, even with bad channel condition such as non-ideal channel reciprocity and medium-high speed. Correspondingly, the CQI feedback from UE should be adjusted according to actual precoding in eNB.
2.2. Explicit quantized channel feedback
Precoding based on CSI feedback
By explicit quantized channel feedback, CSI is measured on downlink CSI-RS and then quantized channel information is fed back to eNB. With CSI feedback from UE, non-codebook based precoding can be operated and more precoding gain is available as well as feasible processing mechanism can be developed. RI and CQI can be calculated in BS according to precoding process and CSI feedback. Furthermore, feedback is transparent for SU-MIMO, MU-MIMO and CoMP scenarios.
Feedback overhead
However, the demand for frequency selective scheduling for higher spectral efficiency and increasing number of transmit antennae will increase the amount of feedback. To make sure the accuracy of channel information feedback especially for high rank transmission, feedback overhead and quantization complexity would be rather considerable compared to PMI feedback even with effective feedback compression.

RI/CQI feedback
As CSI is known at eNB while little precoding information is known to UE(s), accurate RI/CQI estimation in UE(s) is very hard, and whether RI feedback is needed should be FFS. It is sufficient for CQI feedback to carry the information on the channel quality without precoding or channel information such as downlink noise and interference, and then eNB can estimate accurate CQI for link adaptation according to CQI feedback and actual precoding. Therefore, TXD based CQI feedback in Rel-8 and Rel-9 can be reused, while enhanced CQI feedback can also be considered. Some examples are listed below:
a). IN based feedback: 
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, and only the noise and interference power is informed to eNB.
b). SINR based feedback: 
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, only the channel quality without precoding information is informed.

c). EVD based feedback: UE calculates CQI assuming that optimal precoding is operated, that is, the eigenvector of downlink channel is used as precoding matrix and no interference is considered.
However, how to take the impact of different receivers in different transmission modes during CQI estimation into account is still an issue. Implicit indicator in CQI may be considered.
Performance

In [3][[5][6][7][8], the application of explicit quantized channel feedback is discussed. It’s hard to judge that significant gain can be obtained from explicit quantized channel feedback compared to PMI/CDI feedback with limited feedback overhead.
2.3. Sounding based feedback
SRS based CSI feedback

As a useful feature widely applied for beamforming in Rel-8 and Rel-9, channel reciprocity can be further exploited in LTE-A. As discussed in contribution on channel reciprocity [4], channel reciprocity is valid in most scenarios of LTE-A TDD system as well as FDD system. With channel reciprocity downlink CSI can be estimated from sounding reference signal in uplink without any feedback overhead, and the advantages of explicit quantized channel feedback can all be obtained. Especially for MU-MIMO, more channel information can be exploited for scheduling and interference cancellation and the performance can be further enhanced [9]. SRS based CSI feedback also allows transparency in feedback for SU-MIMO, MU-MIMO and CoMP, and then dynamic SU-MU mode switching and corresponding rank adaptation as well as dynamic joint transmission among cells can be supported. 
Statistical CSI in time domain or frequency domain can be introduced to overcome the non-ideal issues of channel reciprocity such as sounding error, calibration error or partial CSI in uplink [8].  Channel prediction as in explicit quantized channel feedback is also an effective method to get accurate CSI even with larger feedback delay.
CQI/RI considerations
As a feedback mode already applied in Rel-8 and Rel-9, no PMI based feedback design can reuse that of Rel-8 and Rel-9, that is, no RI/PMI feedback is needed and TXD based CQI feedback can be reused. Considering the new application scenarios in LTE-A, new CQI feedback mode can also be considered with options, such as noise based, SNR based or EVD based CQI feedback introduced in section 2.2. To match the MCS with actual SINR of UE(s) for closer link adaptation, UE(s) should provide eNB enough freedom and essential information (e.g. downlink noise power.) to calculate CQI. The RI estimation can also be well obtained according to the CQI and capacity in different rank cases. 
3. Extension to Multi-cell CoMP

Compared to single-cell MIMO, in multi-cell CoMP, network side needs to know not only the channel state information between UE and its serving cell, but also the channel state information between UE and other coordinating cells. How to obtain the channel state information between serving cell and UE is discussed in above sections. In this section, we will discuss the acquisition of channel state information between UE and its coordinating cells. Taking into account the information reported to serving cell, there are several options for multi-cell feedback. In the following discussion, we use A + B to denote the feedback scheme, where A is the feedback scheme for serving cell, and B is the feedback scheme for coordinating cells.
PMI/CSI feedback + PMI/CSI feedback
UE reports the channel state information of coordinating cells in the same manner as in serving cell, i.e., in the form of PMI/CSI feedback. The feedback overhead increases linearly with the number of coordinating cells. Besides, backhaul link is required to convey the reported information to coordinated cells, if UE reports CSI to its serving cell only.
SRS + SRS
Both the serving cell and coordinating cells can be configured to receive SRS signal transmitted by a certain UE. By this way, short term channel state information can be obtained. As discussed in the above sections, serving cell can use the information to implement SU/MU-MMO. The other coordinating cells can use the obtained channel state information to participate in CoMP joint transmission, coordinated scheduling/beamforming, etc. For that, scheduling information of SRS transmission is better to be exchanged from serving cell to coordinating cells. The added backhaul overhead is far less than that of conveying PMI/CSI, since SRS transmission is semi-statically configured.
PMI/CSI feedback + SRS
For some cases, short term channel reciprocity may be unreliable. As pointed out above, long term channel reciprocity is rather robust against non-ideal factors. Therefore, coordinating cells can make use of SRS to obtain long term channel state information. Based on the long term information, inter-cell coordination can be implemented. To guarantee the performance of single cell SU/MU MIMO, channel state information of serving cell can be fed back in the forms of PMI/CSI. In addition, serving cell can also use long term channel state information to modify the reported PMI/CSI, as shown in section 2.1.
4. Summary
This contribution presented some feedback solutions for LTE-A downlink transmission. It is good from perspectives of standardization and backward compatibility to reuse the feedback modes in LTE Rel-8 and Rel-9 as much as possible, but new feature and application scenarios of LTE-A should also be kept in mind.  
· For single cell transmission, the feedback mode in Rel-8 and Rel-9 can be reused as baseline for LTE-A.
· New CQI feedback mode can be considered for both codebook based precoding and non-codebook based precoding.
· It’s beneficial to keep transparent feedback for SU-MIMO, MU-MIMO and CoMP.
· Channel reciprocity can provide benefits for both no PMI based feedback and PMI based feedback in single cell and CoMP transmission.
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