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1. Introduction

In RAN4 #70 meeting, for Rel-12 4Tx codebook PMI test, the agreements were:
· Single PMI Test

a. TBD on the following options discussed:

i. PUCCH 1-1 submode 1, rank 1

ii. PUCCH 1-1 submode 2, rank 1

iii. PUCCH 2-1 with rank 2

b. Test Metric : Existing test method and metric

· Multiple PMI Test

a. PUSCH 1-2, TM9, Rank 1 and/or 2 to be down selected with simulation results.  

b. Test Metric:  Existing test method and metric

c. TBD : 

i. PUSCH 3-2, TM9, Rank 1

· FRC Test (with PUSCH 1-2)

Note: Investigate FRC test for Rel-12 4 Tx codebook by modifying or duplicating TM9 single layer PDSCH demodulation test.

In this paper, we provide our considerations on Rel-12 4Tx codebook PMI tests.
2. Discussion
The test purpose of Rel-12 new 4Tx codebook is to ensure PMI report accuracy. Other reports such as CQI reporting can be as simple as possible to simplify test parameter configuration.  With this in mind, for the single PMI test, it is not necessary to use PUCCH 2-1 where subband CQI is required.  Wideband CQI reporting using PUCCH 1-1 is enough for PMI report accuracy test.
For sub-mode 1 and sub-mode 2 subsampling in PUCCH 1-1, the simulation results show both have throughput gain for feedback PMI vs. random PMI. Figure 1 is the result of sub-mode 1. The throughput ratio gamma is 1.82 at 70% peak throughput of follow PMI transmission. Figure 2 shows the result of sub-mode 2. The throughput ratio gamma is 1.72 at 70% peak throughput of follow PMI transmission. It is seen that for sub-mode 1, the throughput gain is larger than sub-mode 2. So we propose using PUCCH 1-1 sub-mode 1 for single PMI test. Moreover, Figure 3 shows the throughput comparison between sub-mode 1 and sub-mode 2. It is seen that sub-mode 1 is also slightly better than sub-mode 2. 
The simulation results of Figure 1 and Figure 2 are based on the parameters in Table 1.

Table 1. Simulation parameters of R-12 4 Tx codebook single PMI feedback
	Parameter
	Values

	Bandwidth
	10 MHz

	Transmission mode
	9

	Propagation channel
	4x2 EVA5

	Antenna Configuration
	High, X-pol

	Resource allocation
	50 PRB

	Precoding granularity
	50 PRB

	Reporting mode
	PUCCH 1-1 submode 1

PUCCH 1-1 submode 2

	PMI delay
	8ms

	Feedback interval
	5ms

	Reference channel
	R.51 FDD rank 1,
16QAM 1/2

	OCNG Pattern
	OP.1 FDD

	Max number of HARQ transmissions
	4

	Redundancy version coding sequence
	{0,1,2,3}


Proposal 1: Introduce a single PMI test for Rel-12 4 Tx codebook using:
· PUCCH 1-1 sub-mode 1

· TM9, rank 1

· EVA5 channel with X-pol High correlation
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Figure 1. Throughput of PUCCH 1-1 sub-mode 1: feedback vs. random PMI
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Figure 2. Throughput of PUCCH 1-1 sub-mode 2: feedback vs. random PMI
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Figure 3. Throughput comparison：PUCCH 1-1 sub-mode 1 vs. sub-mode 2
For multiple PMI test, it was agreed to use PUCCH 1-2 with down selection between rank 1 and rank 2. Figure 4 is the simulation result of rank 1. The throughput ratio gamma is 1.76 at 70% of peak throughput of follow PMI transmission. Figure 5 is the simulation result of rank 2. The throughput ratio gamma is 1.40 at 70% of peak throughput of follow PMI transmission. Both have significant gain for feedback PMI transmission to random PMI transmission.
The simulation results of Figure 4 and Figure 5 are based on the parameters in Table 2.

Table 2. Simulation parameters of R-12 4 Tx codebook multiple PMI feedback
	Parameter
	Values

	Bandwidth
	10 MHz

	Transmission mode
	9

	Propagation channel
	4x2 EVA5

	Antenna Configuration
	High, X-pol

	Resource allocation
	50 PRB

	Precoding granularity
	6 PRB

	Reporting mode
	PUSCH 1-2

	PMI delay
	8ms

	Feedback interval
	5ms

	Reference channel
	R.51 FDD,
16QAM 1/2

	OCNG Pattern
	OP.1 FDD

	Max number of HARQ transmissions
	4

	Redundancy version coding sequence
	{0,1,2,3}


Although rank 1 has larger throughput ratio gamma than rank 2, but rank 1 codebook is already tested in the single PMI test using PUCCH 1-1. To have better codebook test coverage, we propose using rank 2 for multiple PMI reporting test.
Proposal 2: Introduce a multiple PMI test for Rel-12 4 Tx codebook using:

· PUSCH 1-2
· TM9, rank 2

· EVA5 channel with X-pol High correlation
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Figure 4. Throughput comparison of feedback vs. random PMI, PUSCH 1-2 Rank 1
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Figure 5. Throughput comparison of feedback vs. random PMI, PUSCH 1-2 Rank 2
For the FRC channel test with PMI reporting, the purpose is to detect bad receiver implementation where a simple sub-sampled codebook is used in PMI search when the full codebook should be used, like for feedback mode PUSCH 1-2.  However, if the performance difference is small between full and sub-sampled codebook, it is not necessary to introduce this test. 
Figure 6 is the performance comparison of PMI feedback based on sub-sampled codebook and the whole codebook. It is seen that the performance difference is very small, so a FRC test is not necessary for Rel-12 4Tx codebook.
Proposal 3: It is not necessary to introduce FRC test for Rel-12 4 Tx codebook PMI tests.
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Figure 6. Throughput comparison: with vs. without codebook sub-sampling
Table 3. Simulation assumptions of Figure 6
	Parameter
	Values

	Bandwidth
	10 MHz

	Transmission mode
	9

	Propagation channel
	4x2 EVA5

	Antenna Configuration
	High, X-pol

	Resource allocation
	50 PRB

	Precoding granularity
	50 PRB

	Reporting mode
	PUSCH 3-1

	PMI delay
	8ms

	Feedback interval
	5ms

	Reference channel
	R.51 FDD,
16QAM 1/2

	OCNG Pattern
	OP.1 FDD

	Max number of HARQ transmissions
	4

	Redundancy version coding sequence
	{0,1,2,3}


3. Conclusion
In this contribution, we give discussions on eDL MIMO enhancement PMI reporting test. Our proposals are:
Proposal 1: Introduce a single PMI test for Rel-12 4 Tx codebook using:

· PUCCH 1-1 sub-mode 1

· TM9, rank 1

· EVA5 channel with X-pol High correlation

Proposal 2: Introduce a multiple PMI test for Rel-12 4 Tx codebook using:

· PUSCH 1-2

· TM9, rank 2

· EVA5 channel with X-pol High correlation

Proposal 3: It is not necessary to introduce a FRC test for the Rel-12 4 Tx codebook PMI testing.
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