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1 Introduction

Enhanced DL MU-MIMO with non-codebook-based precoding has shown significant performance improvement in a highly-loaded scenario with full buffer traffic. Extensive discussion on MU-MIMO was held in RAN1 #59, based on which the following observations are captured in the chairman’s notes for further discussion.
Observations:
Techniques based on Rel-8 CQI/PMI feedback extension to focus on and try to narrow down:

· PMI extensions:

· Multiple PMIs, e.g. addition of best companion, worst companion

· Feedback to accompany PMI e.g. long-term transmit  covariance

· Codebook enhancements:

· Adaptive / downloadable, based on e.g. antenna configuration, propagation environment

· differential codebook structures

· SRS-based enhancements

· CQI: modified CQI definitions (as addition to Rel-8 definition)

In this contribution we provide further discussion on the UE feedback in support of enhanced DL MIMO in Rel-10, for both SU-MIMO and MU-MIMO.
2 Backward compatibility

Backward compatibility should be borne in mind in Rel-10 UE feedback design. It is clear that a Rel-10 UE should be able to operate in a Rel-8/9 network when users migrate to a different geographical area. In this case, the Rel-10 UE should be configured to report Rel-8/9 RI/PMI/CQI in order not to lose service. On the other hand, a Rel-9 UE relying on RI/PMI/CQI feedback for MU-MIMO shall be consistently supported in Rel-10 network, based on implicit feedback. 
Proposal 
· RI/CQI/PMI implicit feedback mode in Rel-8/9 is supported in Rel-10.
3 RAN4 Testing

Testing is critical to ensure that UE truthfully reports the CSI rather than claiming something which cannot be verified for DL transmission. Untested feedback from one particular UE put the entire network at risk, as it may degrade the DL scheduling and adversely impact other UEs that accurately report the CSI.  .

Implicit feedback, which has been used through HSPA to LTE, is chosen for a clear reason of testability in mind.
· Principle: If the reported PMI/CQI is used in DL transmission, PDSCH BLER should not exceed 10%.  Note this does not restrict the eNB to use the CQI/PMI for actual PDSCH transmission as the eNB has the freedom to overwrite the UE report. This is simply to verify that that UE report is accurate. 

· Receiver processing is included in the PMI/CQI feedback, e.g. UE with better implementation (channel estimation, noise-and-interference estimation, advanced MIMO receiver) will see better post-processing SNR and hence can report higher CQI than UE with inferior design.

As for explicit feedback, 
· Eigen-component feedback:  It should be noted that eigen-component feedback bears resemblance to the implicit feedback approach. First, the UE reports an index to the codebook which is similar to the PMI feedback. Second, precoder vector selection is not specified in RAN1 specifications. The difference may come from the testing procedure. One possible testing is to re-use the implicit CSI framework such that the PDSCH BLER does not exceed 10% if the eigenvector/eigenvalue is used for precoding/scheduling. In this case what is reported is essentially a set of precoding vectors, since an eigenvector is nothing but the optimum precoding vector that results in the optimal CQI. However, how to verify the UE feedback is the “eigen-vector” of the DL channel needs further discussion, as the eNB does not know the “DL channel” to begin with. This is typically problematic since RAN1 specification does not specify the procedure of selecting a precoder vector from the codebook.
· Direct channel (H) or covariance (R):  It remains unclear how the network can verify whether the UE report is the covariance matrix or not.
4 Feedback Overhead

Rel-8 type of implicit RI/PMI/CQI feedback has the clear advantage of the low feedback overhead. For explicit feedback, two distinct proposals are under discussion currently.
· Eigen-component based feedback (eigen-vector or channel direction indication)
· Covariance based feedback
Eigen-component based scheme may re-use codebook-based quantization where the codebook is a collection of eigen-vectors, to maintain an acceptable feedback overhead. For covariance based feedback, both element-wise and codebook-based quantization are possible. If element-wise feedback is used, the following observations are noted.
Observations
· Covariance feedback has an overhead growing quadratically with Nt.
· e.g. 8TX requires four times more overhead than 4TX

· Reporting the unprocessed channel H appears more efficient than the covariance. In many case, transmit covariance R increases the overhead substantially without providing any additional information about the channel.
Table 1: Feedback overhead of element-wise quantization for explicit CSI, per sub-band
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	Overhead Increase due to R

	Nt = 4
	Nr = 2
	16 real numbers
	16 real numbers
	0%

	
	Nr = 4
	32 real numbers
	16 real numbers
	-50%

	Nt = 8
	Nr = 2
	32 real numbers
	64 real numbers
	100%

	
	Nr = 4
	64 real numbers
	64 real numbers
	0%

	Nt = 12
	Nr = 2
	48 real numbers
	144 real numbers
	200%

	
	Nr = 4
	96 real numbers
	144 real numbers
	50%


A codebook-type of feedback is therefore the only viable solution even for explicit CSI report. With more antennas envisaged for future LTE evolution, a codebook-based quantization is obviously beneficial in terms of backward compatibility and future proofness. The feedback codebook could be a collection of the covariance matrices and/or the eigen-vectors. The eigen-values may be reported with a CQI-type of definition as in Rel-8/9.

Proposal

· Rel-10 CSI report is based on codebook-based feedback.

· Element-wise quantization and feedback is not supported.

5 Enhanced Feedback

Given that Rel-8/9 RI/PMI/CQI feedback is always supported in Rel-10, additional UE feedback schemes shall be clearly justified only if significant gain is shown, regardless implicit or explicit.

For SU-MIMO up to 8TX, re-use of implicit RI/PMI/CQI type of feedback is sufficient [2]. Hence any feedback enhancement should be discussed in the context of MU. Naturally, the need of enhanced feedback shall be evaluated in relation with other aspects including additional standardization efforts in RAN1 and the impact on other working groups.
Observation

· Extremely tight timeline of Rel-10 standardization and impact on RAN1/RAN4 progress should be borne in mind. 

Re-using the implicit feedback framework is preferred in this aspect. Having both implicit and explicit supported in Rel-10 would require two sets of completely different features and a possible overhaul of the specification, not to mention the increase in the UE complexity, cost and power consumption. 
Proposal 

· Focus on enhanced implicit CSI feedback for DL MU-MIMO in order to ensure a timely completion of Rel-10 specification both in RAN1 and RAN4.

6 Conclusions

In this contribution we discussed various aspects of UE feedback in support of enhanced DL MIMO transmission in LTE-Advanced, including backward compatibility, testing and feedback methods. Based on the discussion we propose the following principles regarding UE feedback design in Rel-10.
Proposal 
· Implicit RI/CQI/PMI feedback mode in Rel-8/9 is supported in Rel-10 to ensure backward compatibility.
· Rel-10 CSI feedback is based on codebook-based feedback.
· Element-wise quantization is not supported.
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