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1 Introduction
In RAN4 #68bis meeting, a number of contributions [1~3] were provided to discuss how to define CSI tests for R.12 downlink MIMO enhancement WI. In this contribution, we will continue on discuss the RAN4 requirements for the work item of “Further Downlink MIMO Enhancement for LTE-Advanced”. Also the progress in RAN1 will briefly summarized based on [4~6] before we discuss the RAN4 test cases. 

2 Summary of progress on DL MIMO enhancement WI

The work item of DL MIMO enhancement was focused on 4Tx configuration and the whole work could be divided into two parts as follows:

· Codebook enhancement: 

· New codebook with two-stage codebook structure with finer spatial domain granularity and good support of different antenna configurations;

· CSI-process codebook configuration;

· Codebook down sampling in PUCCH 1-1 submode1/2 and PUCCH 2-1.

· New feedback mode:

· PUSCH 3-2 (sub-band PMI and sub-band CQI) reporting mode
3 CSI test coverage
3.1 Tests for the new codebook
This WI focuses on the design of new codebook. Like 8Tx codebook verification, new PMI requirements should be designed to verify the performance of 4Tx codebook. So we think that:

· Proposal 1: Only PMI tests are needed to verify the performance using 4Tx codebook and no CQI and RI test are needed.

The new 4Tx based codebook is applicable to TM8/9/10 and to both FDD and TDD. Similar to 8Tx codebook the two-stage codebook structure is used for the 4Tx codebook, and thus we might need to test the pre-coding adaptation performance by following W1 and W2 separately. And the different CSI feedback modes could be used together with new codebooks. So in order to define the new requirements, the following issues need further study:

· What transmission modes should be used out of TM8/9/10 for the requirements?

· What CSI feedback modes (including PUCCH 1-1 sub-mode1/2, PUCCH 2-1) should be configured for the tests?

· Whether rank-1 and higher rank codebooks all should be verified?

· Whether ULA or X-pol channel matrices should be used?

· Whether W1 and W2 should be test separately or together within one test?
· Whether the existing test metrics for 8Tx could be reused?
3.2 Tests for PUSCH3-2

The new PUSCH 3-2 feedback mode is defined, which could be used for both CRS and CSI-RS based CSI feedback. In our opinion the purpose of PUSCH 3-2 tests would be to verify the gain of both subband CQI and subband PMI (Whether they are tested in one test or separately are FFS).

· Proposal 2: the main purpose of PUSCH 3-2 test is to verify the performance gain by using subband CQI and subband PMI link adaptation. 
To study how to design the performance requirements, we start from comparing the different CSI feedback modes, including PUSCH 3-2, PUSCH 1-2 and PUSCH 3-1, which are summarized in Table 1.
Table 1 Main difference among PUSCH 3-2, PUSCH 1-2 and PUSCH 3-1
	
	PUSCH 1-2
	PUSCH 3-1
	PUSCH 3-2

	Wideband PMI
	N/A
	A single precoding matrix, assuming
1) transmission on set S subbands
	N/A

	Subband PMI
	A precoding matrix for each subband, selected, assuming 

1) transmission only in the subband
	N/A
	A precoding matrix for each subband, selectd assuming

1) transmission only in the suband

	Wideband CQI
	One wideband CQI value per codeword, calculated assuming 

1) the use of the corresponding selected precoding matrix in each subband 

2) trasmissiion on set S subbands
	One wideband CQI value per codeword, calculated assuming 

1) the use of single precoding matrix in all subbands

2) transmission on set S subbands
	One wideband CQI value per codeword, calculated assuming

1) the use of the corresponding selected precoding matrix in each subband

2) transmission on set S subbands

	Subband CQI
	N/A
	One subband CQI value per codeword for each subband, calculated assuming

1) the use of single precoding matrix in all subbands

2) transmission in the corresponding subband
	One subband CQI value per codeword for each set S subband

1) reflecting transmission over the single subband

2) using the selected precoding matrix in the corresponding subband


In 36.101 a number of tests configured with PUSCH 1-2 and PUSCH 3-1 feedback modes are specified:

· PUSCH 1-2

· Test 1: Multiple PMI test, 2x2, CRS based measurement
· Test 2: Multiple PMI test, 4x2, CSI-RS based measurement

· PUSCH 3-1

· Test 1: Single PMI test, 2x2 , CRS based transmission

· Test 2: Single PMI test, 4x2, CRS-RS based transmission

· Test 3: CQI reporting under fading condition - frequency-selective scheduling mode, 2x2, CSI-RS based transmission

For both single PMI and multiple PMI test, the relative throughput gain of following PMI over randomly selecting PMI at SNR corresponding to a certain relative throughput achieved by randomly selecting PMI is used as the unique test metric. For frequency selective CQI test, the high correlation matrix is used to fix the PMI reporting, and a set of test metrics including the relative throughput gain of following subband CQI over using medium CQI with randomly scheduling, BLER criterion to avoid UE cheating and the distribution of reported subband CQI-s are used to verify the performance.
Comparing with PUSCH 3-1 and PUSCH 1-2, the test of PUSCH 3-2 would be more similar to the test of PUSCH 3-1. The method to verify PUSCH 1-2 seems too simple to fully check performance of PUSCH 3-2. The subband scheduling would be more suitable than full bandwidth scheduling. So one way is to take the PUSCH 3-1 test as the starting point.
In our opinion, there would be several ways to define the requirements for PUSCH 3-2:
· Option 1: Define performance gain of following subband CQI and subband PMI over using medium CQI with randomly selected scheduling and randomly selected or fixed PMI (whether it is feasible is FFS);
· Option 2: under the same channel model define the performance gain of following PUSCH3-2 CSI reporting over following other feedback modes, e.g, PUCCH 1-1 (with subband scheduling), PUSCH 1-2 (maybe with fixed MCS and subband scheduling) or PUSCH 3-1.

To show the feasibility of Option 2, we use the legacy 2Tx codebook and compare the performances achieved by using the different CSI feedback modes under the certain channel model, which are given in Figure 1. It could be observed that there is noticeable gain with respect to a certain given SNR.
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Figure 1: Performance comparison between different CSI feedback modes.
Besides, the other test metrics like BLER criterion setting the restriction on the denominator of the gain and the distribution of the reported CQI or PMI would also be needed, which are for further study.
The other important issue is what kind of channel model should be used for PUSCH 3-2 test. In PUSCH 3-1 test, the two path channel is used to form the frequency selective channel, but the fixed channel correlation matrix is assumed. This channel model would not suitable for subband PMI test. So for the channel model, there would also be two options:
· Option 1: fading channel like EVA5;

· Option 2: some kind of artificial channel with frequency selective CQI and PMI.
Which one should be used is under further study. Furthermore the other open issues is whether both CRS based and CSI-RS based test cases should be defined?

4 Conclusions

In this paper, we discuss the CSI test coverage for DL MIMO enhancement and we have two proposals:
· Proposal 1: Only PMI tests are needed to verify the performance using 4Tx codebook and no CQI and RI test are needed.

· Proposal 2: the main purpose of PUSCH 3-2 test is to verify the performance gain by using subband CQI and subband PMI link adaptation. 

And we also list some open issues for further study.
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