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1 Introduction

In RAN1 #59, two way forward on feedback in support of DL multi-antenna transmission are proposed. 

R1-095097 proposes the following:
· CQI and RI is reported

· Rel-8 type of PMI (precoder recommendation) is reported

· CQI is determined assuming a hypothetical transmission corresponding to the PMI

· Similar to Rel-8

· This allows designs within the scope of Rel-8 type of feedback

· Additional feedback for MU-MIMO is not precluded

On the other hand, R1-095102 proposes:

· UE feedback optimized for both SU-MIMO and MU-MIMO
· Spatial information feedback is supported

· feedback represents downlink channel information

· rather than being viewed as suggested precoding transmission to eNodeB

· unlike in Rel-8, this feedback facilitates MU-MIMO and CoMP in addition to SU-MIMO  

· content and forms of feedback is FFS

· Feedback of Rel-8 type PMI can also be supported for SU-MIMO

· Details of feedback such as CQI/RI is FFS

Panasonic has co-signed the first way forward, R1-095097. In this contribution, we make further analysis on our view on UE feedback.
2 Use of Rel-8 Type Feedback
Our main proposal is to mainly use Rel-8 type feedback, i.e., CQI/PMI/RI structure, in Rel-10 due to the following considerations.
Firstly, Rel-8 type feedback has been validated that it can well support SU-MIMO operation. Using another type of feedback, e.g., explicit feedback, instead of Rel-8 type feedback, may jeopardize SU-MIMO performance. To ensure the overall cell throughput is not degraded due to the new type of feedback, extensive simulations have to be redone independent of existed Rel-8 type feedback. Considering the massive possibilities of explicit feedback expressions, e.g., various codebook designs to quantize eigen vector or channel vector, channel matrix element quantization, etc, it is somewhat sceptical if explicit feedback standardization can be finished within Rel-10 timeframe which is nine months from now.
Secondly, Rel-8 type feedback has been shown to be effective to support single layer MU-MIMO (when the reported RI is one). The scheduling is also quite simple, i.e., pairing two UEs that report orthogonal PMIs. ZF type precoding may be used if the eNB decides to pair two UEs that do not report orthogonal PMIs.
Thirdly, it is straightforward to test Rel-8 type feedback. Although various simulations may show the gain of explicit feedback in some extent, it has not been defined in RAN4 how to verify the correctness of reported information. Defining reference precoder and reference behaviour for explicit feedback requires much more standardization effort if it is not impossible. Again it is not so clear if the testing can be done within Rel-10 time frame, especially considering the testing method in general needs to be defined after a promising explicit feedback format is agreed. A LS to RAN4 may help to clarify the testing issue, such as how long time and effort shall be needed to test explicit feedback.
Fourthly, UE processing is not included in explicit type feedback. For example, it is quite common the UE may take some UE side filtering to suppress, e.g., interference from neighbour cells. However, using explicit feedback only, the eNB (which assumes single cell MU MIMO) may transmit signals to the UE without considering such filtering, which may cause certain performance degradation. We have not seen a convincing evaluation on this issue. Moreover, considering the diverse UE implementation, we think it is quite difficult to make such evaluation for all possible UE implementations.
Based on the above observations, we have the following proposal:

Unless significant performance gain is observed by using explicit feedback, Rel-8 type feedback (CQI/PMI/RI) shall be used in Rel-10.
3 Additional Feedback to Support Enhanced MU-MIMO
Although Rel-8 type feedback has the advantages as described in section 2, it also has some defects in support of MU-MIMO. The main argument is the UE under SU assumption may not adequately feedback PMI(s) (both rank and exact PMI selection) for MU operations. However, a more detailed analysis may be needed to show in what scenarios such defect is severe.

As we discussed in last section, Rel-8 type feedback can well support single rank MU-MIMO if the reported RI is one. This is the simulation assumption for many current MU-MIMO simulations. However, other MU-MIMO scenarios also need consideration.
	
	RI =1
	RI>1

	Transmission rank =1
	OK with Rel-8
	OK with Rel-8

	Transmission rank >1
	Rel-8 type feedback needs improvement
	OK with Rel-8


Table 1: Feasibility of Rel-8 feedback to support MU-MIMO operation

First case is that when reported RI is more than one, while the transmission rank per UE is one. This is possibly done by rank overriding at the eNB. Therefore, although less simulated, such operation seems viable by Rel-8 type feedback although we think there is area for the improvement. Secondly, when RI>1 and transmission rank >1, MU-MIMO is also possible by pairing UEs that reports orthogonal or quasi-orthogonal PMIs, Similarly ZF type precoding may be used if PMIs are quasi-orthogonal. In case of other than ZF type precoding, there are area for the improvement.
Therefore, it seems that the most important scenario currently lacking is how to support multi-layer MU-MIMO when the reported RI is one. Here we list three possible options to deal with this problem:

Option 1: Leave it as it is. This will depends on if such scenario occurs frequently in practical system. If such scenario is very frequent, some performance degradation may be introduced

Option 2: Rank restriction to force UE to report multi PMIs. In this case, the problem is solved with some price of overhead increase.
Option 3: Some additional explicit feedback with low overhead (lower than option 2). Such feedback may solve the problem however testability is again an issue considering Rel-10 time frame. This can solve other case like RI>1.
We suggest continuing to evaluate the multi-layer MU-MIMO performance and investigate the above options in parallel.

4 Conclusions
In this contribution, we present our view on UE feedback. We propose to use Rel-8 type feedback in Rel-10 unless significant performance gain is observed using explicit feedback. Moreover, we suggest to investigate the need of additional feedback to support enhanced MU-MIMO.
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