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Discussion

1 Introduction   
In [1], we have the agreements that for the Rel-12 4-Tx CSI reporting test coverage, for single PMI and multiple PMI, the existing test method and metric will be reused. In [2], preliminary test parameters for single PMI, multiple PMI and FRC tests have been tabulated.

Presently, we identified the following open issues that should be addressed in this meeting:

1. Single PMI: Down selection of the PUCCH test coverage from among PUCCH 1-1 submode 1 (rank 1), PUCCH 1-1 submode 2 (rank 1), and PUCCH 2-1 (rank 2).

2. Multiple PMI: Down selection of PUSCH 1-2 of rank 1 or rank 2.

3. The inclusion of FRC test. In [2], the following has been noted: 

a. Note: Investigate FRC test for Rel-12 4 Tx codebook by modifying or duplicating TM9 single layer PDSCH demodulation test.
b. As an alternative to a separate FRC test, explore the feasibility to modify the PUSCH 3-2 test to verify UE performance using full 4 Tx codebook. For example SNR to achieve 70% of max throughput can be an additional test metric when PUSCH 3-2 is used.
4. PUSCH 3-2 Reporting Mode
In the contribution, a summary of the observations and proposals from the numerous contributions that have been submitted to date is provided. This contribution is for information and to assist in the discussion. 
2 Discussion

2.1 Single PMI Test

On the different modes considered: PUCCH 1-1 submode 1 (rank1), PUCCH -1 submode 2 (rank1) and PUCCH 2-1 (rank2), we can briefly summarize: 
· In [3], it has been observed that With R.12 4TX codebook, the performance gain of PUSCH 3-1 with full set of R.12 codebook over PUCCH 1-1 submode 1 are less than 0.1dB, and The performance gain of PUCCH 1-1 submode 1 and PUCCH 1-1 submode 2 are around 0.2~0.3dB.

· PUCCH 1-1 submode 2 is not suitable as it is oversampled.

· PUCCH 1-1 submode 1 is proposed. 

· In [4], simulations observed that the performance with PUCCH 2-1 and PUCCH 1-1 submode1 is practically the same. And the performance with PUCCH 1-1 submode2 is the worst among these three reporting modes due to the fewer available pre-coding matrices. It proposed:
· PUCCH 1-1 submode 2 and PUCCH 2-1 should be covered for single PMI test.
· PUCCH 1-1 submode 2 performs the worst compared to submode 1 and PUCCH 2-1.
Hence, even though the proposals are different from [3] and [4], the following observations are consistent:

· PUCCH 1-1 submode 2 has the worst performance.

· There is small difference in performance between PUCCH 1-1 submode 1 and 2.

Task #1: To down select from PUCCH 1-1 submode 1, 2 and PUCCH 2-1. 

2.2 Multiple PMI Test

For multiple PMI test of the enhanced 4Tx codebook, PUSCH 1-2 was agreed and as captured in [1]:
· PUSCH 1-2, TM9, Rank 1 and/or 2 to be down selected with simulation results.  

The use of PUSCH 1-2 allows the UE to report SB PMI with full granularity which enables the UE to feedback PMI with full granularity. 

Note that for the PMI tests, as agreed in [1], the existing PMI reporting test metric of throughput gain between the transmission according to feedback PMI and random PMI is adopted for both the single and multiple PMI tests.

Task #2: To down select the PUSCH 1-2 multiple PMI tests.

2.3 FRC Test

It has been proposed to use FRC demodulation test with PMI feedback the PMI reporting accuracy test. This is based on the assumption that the FRC demodulation test tends to lead to tighter requirements compared to the PMI test.
However, as an alternative to a separate FRC test, it has also been propose to explore the feasibility of modifying the PUSCH 3-2 test to verify UE performance using full 4 Tx codebook. For example SNR to achieve 70% of max throughput can be an additional test metric when PUSCH 3-2 is used.
As the feasibility of the usage of FRC affects the CSI framework, part of core requirements, this issue should be addressed in this meeting.
Task #3: To decide the feasibility and inclusion of FRC test.

2.4 PUSCH 3-2

Feedback mode 3-2 supports both Rel-8 codebook and Rel-12 codebook. PUSCH 3-2 can be configured for transmission modes (TM) 4, 6, 8, 9, and 10 when PMI/RI reporting is configured and with 2, 4 and 8 antennas at the eNB. However PUSCH mode 3-2 can be configured for TM 4 and TM 6 only when Release 8 4Tx codebook is used for CSI/CQI reporting. Table below illustrates the different support combinations.

	Transmission Mode
	Rel-12 4Tx Codebook
	Rel-8 (legacy) 4Tx Codebook

	TM4
	X
	√

	TM6
	X
	√

	TM8
	√
	√

	TM9
	√
	√

	TM10
	√
	√


Furthermore, the following has been proposed [4]-[10]:

· Both Rel-8 and/or Rel-12 codebooks should be tested with PUSCH 3-2 [5] [7]. In [8], it is proposed that at least legacy Rel-8 codebook should be used while it is FFS for Rel-12 codebook.

· Define test for PUSCH 3-2 mode to verify SB CQI and SB PMI [5] [8]. In [10], the same was proposed with the addition of using TM9.
· As a test metric, the following have been reported and proposed:
· Throughput ratio of PUSCH 3-2 over PUSCH 3-1 with sub-band transmission [5] [7] [9] [12]. 
· Define the performance ratio of PUSCH 3-2 over PUSCH 3-1 or/and PUSCH 1-2 with random sub band scheduling with followed SB CQI and SB PMI as the test metric for PUSCH 3-2 test [8]. 

Task #4: To adopt throughput ratio of PUSCH 3-2 over PUSCH 3-1 as the test metric for PUSCH 3-2 reporting mode test. In addition, to agree on either Rel-8 codebook or Rel-12 enhanced codebooks.
It has also been reported the small throughput gain of PUSCH 3-2 over PUSCH 3-1, perhaps of insufficient margin [9]. As also proposed in [10], it was proposed to introduce time delay between the Tx antenna of the 2-tap channel of Appendix B2.4 of TS 36.101.

Task #5: To introduce time delay between Tx antennas in the 2-tap channel defined in Appendix B. 2.4. of 36.101 for PUSCH 3-2 reporting test.
Also studied in [9], additional metric to detect and enforce correct UE behaviour of WB CQI reporting based on SB-PMI and to differentiate from PUSCH 3-1, delta CQI between the WB median CQI of PUSCH 3-2 and 3-1 has been suggested. 

Furthermore, as mentioned in Section 2.3 above (FRC Test), as an alternative it was proposed to test the new PUSCH 3-2 reporting and the new Rel-12 enhanced codebook in a single test with SNR metric of 70% max throughput.

Task #6: To decide on whether additional test metric for PUSCH 3-2 reporting test is needed.  
3 Conclusion
In this contribution, we provided a short summary of the open issues and proposals from contributions submitted up till RAN4#70. Tasks listed above are:   
Task #1: To down select from PUCCH 1-1 submode 1, 2 and PUCCH 2-1. 

Task #2: To down select the PUSCH 1-2 multiple PMI tests.

Task #3: To decide the feasibility and inclusion of FRC test.

Task #4: To adopt throughput ratio of PUSCH 3-2 over PUSCH 3-1 as the test metric for PUSCH 3-2 reporting mode test. In addition, to agree on either Rel-8 codebook or Rel-12 enhanced codebooks.

Task #5: To introduce time delay between Tx antennas in the 2-tap channel defined in Appendix B. 2.4. of 36.101 for PUSCH 3-2 reporting test.

Task #6: To decide on whether additional test metric for PUSCH 3-2 reporting test is needed.  
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