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1
Introduction
In ‎ [1], we overviewed different aspects required for enabling an efficient and transparent MU-MIMO operation in Release 10. These aspects include transmission modes defined in Release 10, reference signal design, control signaling, and feedback mechanism. 
We further discussed extending Release 8 feedback mechanism for efficient MU-MIMO and CoMP support in Release 10 in ‎ [2]. The proposed approach follows Release 8 feedback design principles and provides a common framework and reporting mode for all spatial processing techniques.  It was mentioned that the main important addition to Release 8 is support of different, configurable codebooks with possibly higher granularity. It was further demonstrated that even SU-MIMO operation with larger codebook size can provide significant gains on top of Release 8 codebook.
This contribution goes over spatial feedback structure proposed for different spatial processing techniques in Release 10 including SU-MIMO, MU-MIMO and CoMP.

2
Discussion
The proposed feedback for Release 10 outlined in ‎ [2] consists of two components:
· Spatial feedback

· Rate/rank prediction feedback.

It is proposed that the rate/rank prediction should be basically similar to CQI/RI report in closed-loop mode of Release 8. In particular, no MU-MIMO specific feedback reporting mode is considered. It is task of the scheduler to estimate the post-scheduling C/I and hence rate and rank based on the same report from one or multiple UEs.

2.1 
Explicit spatial feedback

Spatial feedback in Release 10 is also similar to the concept of PMI in Release 8, in the sense that it provides a representation of the spatial structure of the channel from a UE through some form of quantization. One departure from Release 8, enabled by UE-RS based demodulation, is the possibility of non-codebook based precoding based on the reported spatial feedback. Such non-codebook based precoding is in fact instrumental in achieving gains in MU-MIMO and CoMP setup. The precoding operation by the eNB will be based on the spatial feedback report from one or multiple users.  Therefore, it seems reasonable to view spatial feedback as a quantized representation of the channel rather than the suggested precoding matrix. 
Explicit eigenfeedback

In this case, the spatial feedback can be an index of an element from a predefined codebook that represents channel in the best way. For instance, the feedback can be in the form of scalar quantization of the actual channel across between different antennas. However, such an approach can result in large overheads. Alternatively, it is possible to feedback channel direction indication (CDI), which basically provides information regarding principal components of the channel structure. In ‎ [3] ,‎ [4] we have studied the performance of CDI feedback in the form of eigenfeedback for MU-MIMO and coordinated beamforming. In this approach, the spatial feedback is compressed by providing only feedback regarding the dominant eigen-components of the. Each UE will quantize dominant eigen-vectors of the channel using a predefined codebook. It is shown in ‎ [3], 
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‎[4] that using the eigen-feedback incurs negligible loss on the performance of MU-MIMO and coordinated beamforming.
The proposed eigen-feedback approach can be extended to multi-cell scenarios using a hierarchical feedback approach. Hierarchical eigen-feedback is studied in greater detail in ‎ [6]. In hierarchical eigen-feedback UE reports CDI corresponding to different cells in the cooperative set. The CDI reports are the equivalent channel seen by assuming a receive vector that is aligned with the left eigen-beam of the channel to the serving cell. Additionally the UE maybe configured to report inter-cell spatial feedback indicating the amplitude and phase difference between channels from different cells.
Note that in the case that the other-cell interference is not spatially white (e.g. presence of a dominant interferer) the eigen-feedback can be applied to the pre-whitened channel. In the CoMP setup, other-cell interference should only include the non-cooperative cells. Also note that frequency selective report of the CDI is required to enable efficient operation of MU-MIMO operation for different deployment scenarios. 
Codebook design

As discussed in greater detail in ‎ [2] and references therein, codebook design for the new and existing antenna configurations needs to be considered with MU-MIMO and possibly CoMP scenarios in mind. In particular, it is demonstrated that higher granularity codebook structure is required for achieving transmit nulling gains. 
Codebook design should also consider wide variety of deployment scenarios and propagation scenarios. Towards this goal, configurable codebook structure is desired. Configurable codebooks can be enabled by allowing for downloadable codebooks. Alternatively, it is possible to provide a semi-static feedback of the principle components of the channel (i.e., long term dominants channel directions) and employ codebooks for quantizing the short-term channel directions within the principle components decided. 
Furthermore, scalable codebook structure across different ranks should be considered. In ‎ [2] we have provided a hierarchical codebook structure for different ranks that provides a nested structure across ranks and can be easily applied for feedback encoding described next.
Feedback encoding

Given possibly higher overhead of the spatial feedback, it is further proposed to use encoding techniques to exploit the time/frequency correlations present in channel. Techniques based on multiple description coding (MDC) and successive refinements in a multi-level coding form are analyzed in ‎ [5] 
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‎, [8]. 
In ‎ [5] 
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‎, [6] we have studied the encoding technique based on multiple description coding. MDC can provide higher granularity description of the CDI in a scalable manner across different reporting ranks. MDC encoding uses different codebooks with the same statistical properties at different time/frequency instances to improve feedback accuracy. By combining multiple reports in time/frequency the scheduler can obtain a better estimate of the spatial structure. Some desirable properties of MDC encoding are:

·    MDC compression can be applied for both single-cell and multi-cell feedback and hence provides a common treatment of all spatial processing techniques: SU-MIMO, MU-MIMO and CoMP. 

·    MDC compression maintains the self-contained structure of the feedback in Release 8 and can be fit into a single control (PUCCH) report. More accurate description is obtained by combining multiple of these self-contained reports. In particular, combining of different reports from the UE to improve the accuracy is carried out at the scheduler and does not have any additional air-interface impact. Scheduler can decide on combining reports based on the channel conditions and UE mobility.

·   No additional complexity at the UE is incurred for MDC encoding technique.
2.2 
Specification impact

Air-Interface

The main air-interface impact is related to supporting codebook design with higher granularity and configurability of the codebook structure. The codebook structure to be used by each UE and possibly the rank limitations can be semi-statically signalled. Codebook granularity need to be further studied taking the overhead and performance for all spatial processing techniques into account. 
As mentioned, feedback encoding techniques based on multiple description coding can reduce the overhead by exploiting channel correlations in time/frequency. Such techniques do not require significant air-interface changes and maintain the self-contained structure of Release 8 feedback. Configuring the time/frequency varying codebooks for multiple description can be done semi-statically and the details needs to be further studied.
Performance Requirements

It is clear that the eigenfeedback approach proposed earlier does not have any air-interface impact. However, new RAN4 test scenarios are required to guarantee suitable generation of the eigenfeedback by the UE. 
3
Conclusion

In this document, we discuss spatial feedback structure in Release 10. Channel direction information (CDI) will convey information about the spatial structure of the channel by use of codebook structure. Reported CDI will be used as a representation of the channel for each UE and will be used for deriving the suitable precoding operation. 

It is proposed to consider different codebook structures in order to adapt to different deployment setups and propagation scenarios and enable efficient operation of all spatial processing techniques. Towards these goals, codebooks with higher granularity and configurable/downloadable codebooks should be considered. Furthermore, scalable codebook structures across different ranks is desirable.
Furthermore, we propose to consider spatial feedback compression based on reporting only dominant eigen-components of the channel. The number of eigen-components to feedback can be limited in a semi-static fashion.
Feedback encoding techniques based on multiple description coding (MDC) that exploit the time/frequency correlation of the channel should also be considered to provide more accurate representation of the channel. MDC relies on time/frequency varying codebook structures used in quantizing the channel.

The discussed spatial feedback compression and encoding framework can be applied for all spatial processing techniques in a UE transparent manner.

The specification impact of current proposal is limited to supporting different codebook structures. Granularity of the codebook, associated overhead in UL needs to be further studied. In terms of performance requirements, new RAN4 test scenarios may be required for the proposed eigenfeedback approach.
References
[1] R1-094873, “Transparent vs. non-transparent MU-MIMO operation,” RAN #59.

[2] R1-094875, “Extending the UE feedback for efficient MU-MIMO and CoMP,” Qualcomm Europe, RAN #59.

[3] R1-093129, “DL MU-MIMO operation in LTE-A,” Qualcomm Europe, RAN#58.
[4] R1-092691, “Preliminary CoMP gains for ITU micro scenario,” Qualcomm Europe, RAN#57bis.

[5] R1-093112 “Comparison between MDC and MLC feedback encoding techniques,” Qualcomm Europe, RAN #58
[6] R1-094217 “Feedback in support of downlink CoMP,” Qualcomm Europe RAN#58bis.
[7] R1-093131 “Feedback considerations for DL MIMO and CoMP,” Qualcomm Europe, RAN#58.
[8] R1-091288, “CSI feedback improvements for LTE-A based on multiple codebooks,” Philips, RAN1#56bis.



















































PAGE  
3/3

