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1 Introduction

In the last RAN4 meeting #70, there were many discussions on R.12 4X codebook tests. The AH minutes [1] captured the options and some agreement marked as green on the test cases as follows:

· 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)

a. Note: Investigate FRC test for Rel-12 4 Tx codebook by modifying or duplicating TM9 single layer PDSCH demodulation test.
And meanwhile, two contributions [2] and [3] provided a summary of test parameters and information of 4x2 cross polarized correlation matrix. 

In this contribution, we will firstly discuss how to define the 4TX codebook tests andhow to down-select the PUCCH CSI feedback mode for the single PMI test, and then provide the evaluation results for the candidate single PMI/multiple PMI test/FRC tests. Finally, the proposals on R.12 4X codebook CSI reporting tests are summarized.
2 Discussion
2.1 Single PMI test

According to the discussion [1] in last meeting, there were three options for the single PMI test:
· PUCCH 1-1 submode 1, rank 1

· PUCCH 1-1 submode 2, rank 1

· PUCCH 2-1 with rank 2

According to the analysis [3] and specification TS36.213, the amounts of candidate codebook after down-sampling with different PUCCH feedback mode are summarized in Table 1.
Table 1: Available codebooks after down-sampling with different PUCCH feedback mode
	PUCCH feedback mode
	The amount of available codebook and full set codebook

	PUCCH 1-1 submode 1
	Rank 1
	128/256

	
	Rank 2
	128/256

	PUCCH 1-1 submode 2
	Rank 1
	16/256

	
	Rank 2
	16/256

	PUCCH 2-1
	Rank 1
	256/256

	
	Rank 2
	64/256


It could be observed that, compared with the PUCCH 1-1 submode 1, the rank-1 codebook of PUCCH 1-1 submode 2 is over-down sampled. So PUCCH 1-1 submode 2 would not be appropriate for Rel-12 4TX codebook test. It could not show the optimal performance gain of Rel-12 4TX codebook, and could not be easy to rule out the bad UE implementation which always measure the PMI based on a extremely limited codebook subset. 
Observation 1: 

PUCCH 1-1 submode 2 is not suitable for R.12 4TX codebook test as the codebook subset are over down-sampled 

With respect to the PUCCH 1-1 submode 1, the W1 and W2 are reported separately in different subframe, so some concerns were received in the last meeting, such as:
1. The W1 and W2 may not match because of the time delay of W1 and W2 reporting. 

2. There may be a collision between W1 and W2 reporting, so that the W2 would be dropped.

Regarding the first concern, the fading channel with 5Hz Doppler spread is usually used for PMI testing, so it wouldn’t become a problem as long as a small PMI reporting period is configured; regarding the second concern, anyway we could capture the different subframe offset to avoid the collision for W1 and W2 reporting.
Taking the CSI configuration in section 9.3.2.2.1 [6] for example, the period and offset of CQI/PMI2 are 5 and 0, and the period and offset of RI/PMI1 are 5 and -1, which means for FDD, the RI and PMI-1 are reported in subframe #9 and 4#, and the CQI and PMI-2 are reported in #0 and #5. Given this configuration, there wouldn’t be collision between PMI-1 and PMI-2 reporting.

Table 9.3.2.2.1-1 Fading test for FDD 
	Parameter
	Unit
	Test 1
	Test 2

	Reporting mode
	
	PUCCH 1-1

	Reporting periodicity
	ms
	Npd = 5

	CQI delay
	ms
	8

	 Physical channel for CQI/ PMI reporting
	
	PUSCH (Note 4)

	PUCCH Report Type for CQI/PMI
	
	2

	PUCCH channel for RI reporting
	
	PUCCH Format 2

	PUCCH report type for RI
	
	3

	cqi-pmi-ConfigurationIndex
	
	2

	ri-ConfigIndex
	
	1


Observation 2: 

For PUCCH 1-1 submode 1 feedback, proper configuration already help eliminating the impacts of  reporting two PMI separately, and avoiding the collision between first and second PMI. 

Regarding the PUCCH 2-1, as PUCCH 2-1 feedback mode is usually for subband scheduling, so it’s a little bit strange to capture a subband CSI mode to verify the performance of single PMI measurement.  And this test might be redundant tests overlapping with PUSCH 1-2 rank2 tests. If only one test is needed for single PMI tests, we would rather to deprioritize this one.
Observation 3: 

The test case of PUCCH 2-1 with rank 2 could be considered as low priority for single PMI tests.
2.2 Multiple PMI test

Regarding multiple PMI test, firstly, it is necessary to introduce a test case to verify the measurement of the new RANK 2 codebook. Then, it seems not necessary to test PUSCH 1-2 rank 1, because the rank 1 codebook could be tested in single PMI test and possible FRC test. Finally, regarding the PUSCH 3-2 feedback, from performance point of view, PUSCH 1-2 and PUSCH 3-2 should perform same performance within the PMI test metric, so it’s not necessary to replace PUSCH 1-2 with PUSCH 3-2. 
Observation 4: 

PUSCH 1-2 and Rank 2 are preferred for multiple PMI test.

2.3 FRC test

In the previous meeting, some companies suggested introducing a FRC test to verify the PMI measurement. The justification was that traditional PMI test uses the performance ratio of followed PMI over random PMI as the tests metric, and the requirement ratio is always determined based on compromise and averaging between each company, so this kind of metric may be not sufficient enough to verify the correct UE implement.
In our opinion, FRC test could provide a different dimension to verify the PMI measurement and could help further identifying correct or bad UE implement anyway. While following concerns should be taken into consideration:
· For single cell DMRS based FRC test, random beamforming scheme is usually used for the purpose of decoupling the impacts of antenna number, and preclude the impacts of demodulation performance and PMI measurement performance. So, it would be careful for us to have followed PMI scheme for single cell DMRS based FRC test. 

· The feasibility of FRC test depends on the alignment of simulation results from different companies. 
Regarding the above summary, we have the following observation. 

Observation 5: 

Further investigation on the feasible of FRC test for Rel-12 4 TX codebook is needed.
3 Evaluation results

In this section, link level simulation will be used to verify the performance of candidate test cases. Contribution [2] provided a summary of simulation assumptions for reference, and also contained some optional values. So, in our simulation we reuse most of the parameters listed in [2], and the others are listed and emphasized in Table 2:

Table 2 simulation assumptions for R.12 4TX codebook test

	Parameter
	Single PMI test
	Multi PMI test
	FRC

	Transmission mode
	TM9
	TM9
	TM9

	Correlation and antenna configuration
	4x2 low
	4x2 high, cross polarized
	4x2 high, cross polarized

	Propagation channel
	EPA5
	EVA5
	EVA5

	Scheduled PRB
	50 RB
	50 RB
	50 RB

	Precoding granularity
	50 PRB
	6 PRB
	6 PRB

	CSI feedback mode
	· PUCCH1-1 submode 1

· PUCCH 1-1 submode 2
	· PUSCH 1-2
	· PUSCH 1-2

	Codebook restriction
	All available rank 1 codebook
	All available rank 2 codebook
	All available rank 1 codebook

	Reporting configuration
	cqi-pmi-ConfigurationIndex 2

ri-ConfigIndex 1
	Reporting interval 5
	Reporting interval 5

	MCS
	· 16QAM 1/2
	· 16QAM 1/2
	· QPSK 1/3

· 16QAM 1/2

· 64QAM 1/2


With respects to certain configurations in Table 2, here are some explanations:
· Regarding the propagation channel, we would like to use EPA5 for single PMI test and EVA5 for multi PMI test and FRC test, because EPA channel are more suitable for wideband PMI measurement as less frequency-selective.

· Regarding the correlation and antenna configuration, for the purpose of fully covering the scenarios, we would like to use 4x2 low for single PMI test and 4x2 XP high for multi PMI tests.
· MCS:
16QAM 1/2 

In the following section, all the link level simulations are evaluated based on the simulation assumptions in Table 2 and contribution [2].
3.1 Single PMI test

The simulation results of R.12 4TX PMI test with PUCCH 1-1 feedback mode are provided in Figure 1.
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Figure 1 simulation results of 4TX codebook with PUCCH feedback mode
Based on the above results, it could be observed that

· Regarding the performance ratio of followed PMI over random PMI, the PMI test is feasible for R.12 4TX codebook test with PUCCH feedback mode.
· Compared with PUCCH 1-1 submode 2, PUCCH 1-1 submode 1 would be more suitable because it could provide larger performance gain of followed PMI over random PMI, and then a more tightened requirement of performance ratio could be defined. 
Observation 6: 

From the testing point of view, PUCCH 1-1 submode 1 is more suitable for single PMI test, as it could provide more tightened requirement.
3.2 Multiple PMI test

The simulation results of R.12 4TX codebook test with PUSCH 1-2 feedback mode are provided in Figure 2.
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Figure 2 simulation results of 4TX codebook with given simulation assumptions

Based on the above results, it could be observed that

· Regarding the performance ratio of followed PMI over random PMI, the PMI test is feasible for R.12 4TX codebook test with PUSCH 1-2 feedback mode

3.3 FRC test

The simulation results of FRC tests are provided in Figure 3.
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Figure 3 simulation results of 4TX codebook with different FRC channel
It could be observed in Figure 3 that, FRC test could also provide significant performance gain of followed PMI over random PMI.
4 Summary
Based on above analysis and simulation results, we would like give a summary of tests case for R.12 4TX codebook tests. In general, we would like to have the following proposal:
Proposal 1: 

Introducing following tests cases for R.12 4TX codebook tests:

· Single PMI Test

· PUCCH 1-1 submode 1, rank 1

· EPA5, 4x2 low

· Multiple PMI Test

· PUSCH 1-2, TM9 rank 2

· EVA5, 4x2 cross polarized high

· FRC Test (FFS)

· PUSCH 1-2 , TM9 single layer PDSCH demodulation test
· EVA5, 4x2 cross polarized high
The detailed parameters are provided in Table 3.
Table 3 Test parameters for R.12 4TX PMI test
	Parameter
	Unit
	Single PMI test
	Multi PMI test
	FRC (TBD)

	Bandwidth
	MHz
	10
	10
	10

	Transmission mode
	
	9
	9
	9

	Propagation channel
	
	EPA5
	EVA5
	EVA5

	PDSCH PRBs
	
	50
	50
	50

	Precoding granularity
	PRB
	50
	6
	6

	Correlation and antenna configuration
	
	4 x 2 Low
	XP High 4 x 2
	XP High 4 x 2

	Beamforming model
	
	Annex B.4.3
	Annex B.4.3
	Annex B.4.3

	Cell-specific reference signals
	
	Antenna ports 0,1
	Antenna ports 0,1
	Antenna ports 0,1

	CSI reference signals
	
	Antenna ports

15,…,18
	Antenna ports

15,…,18
	Antenna ports

15,…,18

	CSI-RS periodicity and subframe offset          TCSI-RS / ICSI-RS
	
	5/ 1
	5/ 1
	5/1

	CSI-RS reference signal configuration
	
	6
	8
	8

	CodeBookSubsetRestriction bitmap
	
	[00000000 00000000
00000000  00000000 

00000000  00000000
11111111  11111111
00000000  00000000 

11111111  11111111]
	[00000000  00000000
00000000  00000000  
11111111  11111111

00000000  00000000

11111111  11111111  

00000000  00000000]
	TBD

	 Downlink power allocation
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	dB[mW/15kHz]
	-98
	-98
	-98

	Reporting mode
	
	PUCCH 1-1 submode1
	PUSCH1-2
	PUSCH1-2

	Reporting interval
	ms
	5
	5
	5

	 PMI delay (Note 2)
	ms
	8
	8
	8

	Modulation and Coded rate
	
	16QAM 1/2
	16QAM 1/2
	TBD

	PDSCH rank
	
	1
	2
	1

	OCNG Pattern
	
	OP.1 FDD
	OP.1 FDD
	OP.1 FDD

	Max number of HARQ transmissions
	
	4
	4
	4

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


5 Conclusion
In this contribution, we provide our proposals based on the analysis and evaluation on R.12 4TX codebook for eDL-MIMO WI. With respect to the above analysis and evaluation, following observations are achieved:

Observation 1: 

PUCCH 1-1 submode 2 is not suitable for R.12 4TX codebook test as the codebook subset are over down-sampled 

Observation 2: 

For PUCCH 1-1 submode 1 feedback, proper configuration already help eliminating the impacts of  reporting two PMI separately, and avoiding the collision between first and second PMI. 

Observation 3: 

The test case of PUCCH 2-1 with rank 2 could be considered as low priority for single PMI tests.

Observation 4: 

PUSCH 1-2 and Rank 2 are preferred for multiple PMI test.

Observation 5: 

Further investigation on the feasible of FRC test for Rel-12 4 Tx codebook is needed.
Observation 6: 

From the testing point of view, PUCCH 1-1 submode 1 is more suitable for single PMI test, as it could provide more tightened requirement.
Based on the above observation, we propose that:
Proposal 1: 

Introducing following tests cases for R.12 4TX codebook tests:

· Single PMI Test

· PUCCH 1-1 submode 1, rank 1

· EPA5, 4x2 low

· Multiple PMI Test

· PUSCH 1-2, TM9 rank 2

· EVA5, 4x2 cross polarized high

· FRC Test (FFS)

· PUSCH 1-2 , TM9 single layer PDSCH demodulation test
· EVA5, 4x2 cross polarized high
Besides proposal 1, detailed parameters are proposed in Table 3.
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