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1 Introduction
DL MIMO enhancement has been investigated as a key area to improve for LTE Rel-10. Self-evaluations for ITU submissions have shown that DL MU-MIMO enhancement promises a significant gain in the system performance. DL higher-order MIMO supporting up to 8 transmit antennas has also been discussed to double the peak data rate as well as to improve the system performance.
CSI feedback is an enabling scheme for such DL MIMO enhancements. Various feedback structures are being investigated not only for DL MIMO enhancements but also for DL CoMP. From RAN1#59, two way forwards on Rel-10 CSI feedback structures were presented [1,2]. In [1], followings were suggested:
· 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
while following proposals are given in [2]:
· 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 eNodB

· Unlink 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
It was mentioned by companies that spatial information feedback addressed in [2] may introduce a new testing procedure different from the existing one for the Rel-8 PMI feedback. This document discusses potential ways to define such a new testing procedure. 
2 Review of the PMI reporting test in Rel-8
How Rel-8 defines the PMI reporting test is found in section 9.4 of [3]. The current PMI test is to define a test on the gain of throughput with reported precoding over the throughput with randomly selected precoding.

The minimum performance requirements of PMI reporting are defined based on the precoding gain, expressed as the relative increase in throughput when the transmitter is configured according to the UE reports compared to the case when the transmitter is using random precoding, respectively. Transmission mode 6 is used with a fixed transport format (FRC) configured. The requirements are specified in terms of the ratio
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 is 60% of the maximum throughput obtained at 
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using random precoding, and 
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with precoders configured according to the UE reports.
3 Test of spatial information feedback
How to test new spatial information feedback depends on what the content of the feedback is. If it is a report of eigen directions of the channel matrix, then it is possible to reuse the PMI reporting test in Rel-8 since dominant eigenvectors indicate the best precodings resulting in the largest SINR or throughput for a given channel matrix. One the other hand, if the feedback is the quantized channel matrix, then a new testing procedure should be specified. In this section, two testing procedures are discussed and which form of spatial information 
Method of throughput gain comparison
Let’s assume that the spatial information feedback is the quantized eigenvector(s) of the MIMO channel matrix, which is selected from a predefined feedback codebook. A UE reports at least the index of the principal eigenvector. In this test method, we follow the same approach as Rel-8 PMI reporting test. As reviewed in the previous section, the transmission scheme of closed-loop rank-1 precoding is used for the PMI testing. The minimum performance requirements of spatial information reporting are defined based on the precoding gain.

1. First, measure 
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, 60% of the maximum throughput obtained at 
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 using a precoding which is randomly selected from the codebook. 
2. Then, measure 
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, the throughput at 
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 assuming the precoder is set to the reported principal eigenvector. The rationale behind of the method is that the principal eigenvector must be the best precoder in obtaining the largest SINR. 
3. Finally, compare 
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with a given threshold. If  is larger than the threshold, the test passes.

Method of direct test
Explicit CSI feedback is to report the CSI measured at a UE without a particular hypothesis on transmission or reception process. The PMI report specified in Rel-8 is, on the other hand, categorized into implicit CSI feedback since it is a recommendation of the transmission process that the UE selects with a particular hypothesis on reception process. Let’s make the same assumption as in the method of throughput gain comparison that the spatial information feedback is the quantized eigenvector(s) of the MIMO channel matrix, which is selected from a predefined feedback codebook.
1. First, generate a random matrix for a MIMO channel realization. The matrix is constructed by eigenvectors randomly selected from the codebook and by eigenvalues also randomly selected from a predefined eigenvalue table.
2. Then, the UE is to report the indexes of the vectors which best represent the MIMO channel.

3. Finally, for a given number of channel realizations, check if the UE’s report is identical to the original eigenvectors which were used in constructing the MIMO channel. If the matching probability is larger than a given threshold, the test passes
In this method, the performance requirements of SU-MIMO are not evaluated since the actual performance depends on the procoding algorithm used by the eNB. This method just evaluates how accurately the UE report the MIMO channel matrix. The test is performed at 
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4 Evaluation of the MU-MIMO performance requirements

Another issue is how to evaluate the MU-MIMO performance requirements. MU-MIMO performance highly depends on the MU-MIMO user-paring and precoding algorithm. It should be first decided which precoding is used for the paired UE(s) to measure the SINR of the target UE. A simple assumption is that the precoding of the virtually paired UE is randomly selected from the predefined codebook while the inter-UE interference does not exceed a predefined threshold.
This kind of test is unrelated to the feedback types. Even for PMI reports, such a new testing procedure should be developed if it is needed. It needs to be discussed whether such test is needed.
5 Summary
In this document, we discussed 2 potential ways to define testing procedures for new spatial information feedback assuming the new feedback is the report of MIMO channels’ eigen-directions.
· Method of throughput gain comparison
· Similar to the PMI test in Rel-8

· Method of direct test

· Checking whether the UE correctly reports the eigen-directions
Furthermore, how to evaluate the MU-MIMO performance requirements is also discussed. Since the feedback reporting test for MU-MIMO is irrelevant to the feedback types, it needs to be first discussed in RAN1 whether such a new test for MU-MIMO needs to be specified in RAN1 or not.
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