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1 Introduction

In RAN4 meeting #69, a WF [1] on eDL-MIMO performance requirement has been agreed as follows and three main open issues were identified:
· PMI reporting test coverage for periodic PUCCH reporting mode(s) will be defined using the Release 12 4Tx codebook. Down-selection of the PUCCH test coverage among PUCCH 1-1 submode 1 and 2, and PUCCH 2-1 is FFS in RAN4#70.
· Aperiodic PUSCH 3-2 reporting mode test using the legacy codebook and/or the Release 12 4Tx codebook will be defined.
· For test methodology of R12 4 TX codebook, FRC test, CQI test and PMI test will be FFS.
2 Discussion
In the last meeting, it was agreed to down-select the CSI feedback mode for R.12 4TX codebook tests among PUCCH 1-1 submode 1 and 2, and PUCCH 2-1. In the following, we will study and evaluate the difference of R.12 4TX codebook with different feedback modes, and then provide our proposal. 

Taking rank 1 codebook for example, the codebook for 4TX cross-polarized antenna could be design as following
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Figure 1 shows the candidate values of 
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                      a) Full set of R.12 4TX codebook

                b) down-sampled R.12 4TX codebook with PUCCH 1-1-1
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  c) down-sampled R.12 4TX codebook with PUCCH 1-1-2
         
      d) full set of legacy 4TX codebook

Figure 1: subset of legacy and R.12 4TX codebook for cross-polarized antenna and RANK = 1
It could be observed that the subset of R.12 4TX codebook for PUCCH 1-1 submode 2 have very limited candidate precoding matrixes, which may not show the performance gain of R.12 4TX codebook compared with legacy 4TX codebook:

Observation 1:

PUCCH 1-1 submode 2 would not be suitable for R.12 4TX codebook test as the codebook subset are over down-sampled.
In the following section, we provide the simulation results of R.12 4TX codebook with different CSI feedback mode, in which the TM6 transmission mode and 4TX cross-polarized antenna were captured, and propagation channel is EPA5. Further more, the results of random codebook are provided to show performance gain. 

Table 1 simulation assumptions of R.12 codebook with different CSI feedback mode
	Parameter
	Values

	Bandwidth
	10 MHz

	Transmission mode
	6

	Propagation channel
	EPA5

	Precoding and scheduling granularity
	50 PRB

	Correlation and antenna configuration
	Low 4 x 2, cross-polarized

	Reporting mode
	· PUCCH 1-1 submode 1

· PUCCH 1-1 submode 2

· PUSCH 3-1

	Reference channel
	· QPSK 1/2

· 16QAM 1/2

· 64QAM 1/2

	OCNG Pattern
	OP.1 FDD

	Max number of HARQ transmissions
	4

	Redundancy version coding sequence
	{0,1,2,3}
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Figure 2 simulation results of 4TX codebook with given simulation assumptions
Based on the above results, the SNR values at 70% maximum throughput are summarized in table 2:

Table 2 simulation results of R.12 4TX codebook with different CSI feedback mode
	FRC
	PUSCH 3-1 
	PUCCH 1-1 submode 1 
	PUCCH 1-1 submode 2

	QPSK 1/2
	-3.96 dB
	-3.90 dB
	-3.63 dB

	16QAM 1/2
	2.00 dB
	2.08 dB
	2.26 dB

	64QAM 1/2
	6.49 dB
	6.54 dB
	6.79 dB


It could be 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.
So, we can get the conclusion that:
Observation 2:

With given simulation assumption, the down-sampled subset of R.12 4TX codebook with PUCCH 1-1 submode 1 feedback could achieve similar performance compared with a full set of R.12 4TX codebook, which could be more beneficial to verify the performance compared to PUCCH 1-1 submode 2 feedback.
So based on the observation 1 and 2, and the fact that in TS36.101 there is already a PMI test for PUCCH 2-1 and no PMI test for PUCCH 1-1, we proposed that:

· Proposal 1: Apply PUCCH 1-1 submode 1 for R.12 4TX codebook test with periodic CSI reporting mode.
3 Conclusion
Based on the analysis and evaluation, we get the following observations and proposal on the test cases of R.12 4TX codebook 
Observation 1: 
PUCCH 1-1 submode 2 would not be suitable for R.12 4TX codebook test as the codebook subset are over down-sampled.

Observation 2:

With given simulation assumption, the down-sampled subset of R.12 4TX codebook with PUCCH 1-1 submode 1 feedback could achieve similar performance compared with a full set of R.12 4TX codebook, which could be more beneficial to verify the performance compared to PUCCH 1-1 submode 2 feedback. 

· Proposal 1: Apply PUCCH 1-1 submode 1 for R.12 4TX codebook test with periodic CSI reporting mode.
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