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1. Introduction

In RAN4#77 meeting, CQI reporting requirements on DL 4Rx were discussed, but no agreement was reached. In this contribution, we provide our analysis and proposals for 4Rx CQI tests. And some simulation results for CQI reporting under AWGN condition are shown.
2. Discussion
Introduction of downlink 4Rx antennas enhances UE demodulation capability. Then, PDSCH demodulation performance with 1 and 2 layers will be improved and the maximum transmission layers of PDSCH will increases up to 4 layers. Thus, it is necessary to define the new CQI requirements for 1/2 layer test and 3/4 layer test based on the existing test cases.    

AWGN CQI test

Table 1 summarizes the existing test cases (FDD) for AWGN CQI reporting.
Table 1 Existing AWGN CQI test cases (FDD)
	Reporting mode
	Number of layers
	Transmission mode
	Antenna configuration
	Requirement section
	Functionality

verification

	PUCCH1-0
	1
	TM1
	1x2
	9.2.1.1
	CRS TM, 1 layer

	
	1
	TM2
	2x2
	9.2.1.3;

9.2.1.5
	eICIC;

FeICIC

	
	1
	TM1
	1x2
	9.2.1.7
	256QAM

	PUCCH1-1
	2
	TM4
	2x2
	9.2.2.1
	CRS TM, 2 layers

	
	2
	TM9
	4x2(FDD) 8x2(TDD)
	9.2.3.1
	CSI-RS TM, 2 layers

	
	2
	TM10
	4x2
	9.2.4.1
	Single CSI process

	
	1
	TM9
	2x2
	9.2.4.5
	eIMTA


From this table, the existing 2Rx test cases cover CRS based TM and CSI-RS based TM. And every test case corresponds to a clear verification object.

In AWGN CQI reporting with 1 and 2 layers, compared with 2Rx tests, 4Rx causes only the change of reported CQI value, no effect to the minimum requirement (test metric). And especially for the scenarios with the same post layer-power between 2Rx and 4Rx (e.g. 4x2 2 layers and 4x4 2 layers), the reported CQI is also same. In other words, for 1/2 layer CQI test requirements under AWGN, the substance of 4Rx antennas is consistent with 2Rx antennas. Thus, 1/2 layer tests with 4Rx cannot show a new functionality verification. Hence, it is not necessary to add 1/2 layer CQI test cases with 4Rx for AWGN CQI.

Proposal1: It is not necessary to add 1/2 layer CQI test cases with 4Rx antennas for AWGN CQI.

Since high rank demodulation is a new feature of DL 4Rx antennas, 3 and 4 layers CQI reporting tests under AWGN should be defined for 4Rx. Table 2 and table 3 give the simulation results of AWGN CQI reporting for TM4 3 layers and TM9 4 layers, respectively.  
Table 2 AWGN CQI reporting with TM4 3 layers (4x4)
	SNR (dB)
	Index of Median CQI
	CQI distribution of codeword #1
	BLER

	
	
	Median CQI1 -1
	Median CQI1
	Median CQI1 +1
	Median CQI -1
	Median CQI 
	Median CQI +1

	-2
	3
	0
	100%
	0
	0
	0
	0.9819

	0
	4
	0
	100%
	0
	0
	0
	0.3510

	2
	5
	0
	100%
	0
	0
	0
	0.1500

	4
	7
	8.5%
	91.5%
	0
	0
	0.0540
	1

	6
	8
	38.5%
	61.5%
	0
	0
	0.0041
	1

	8
	9
	0.75%
	99.25%
	0
	0
	0.0006
	1

	10
	10
	0
	100%
	0
	0
	0
	1

	12
	11
	0
	100%
	0
	0
	0.0050
	1

	14
	12
	0
	100%
	0
	0
	0.0004
	1

	16
	13
	0
	100%
	0
	0
	0
	1

	18
	14
	0
	100%
	0
	0
	0.0371
	1

	20
	15
	0
	100%
	0
	0
	0
	-


Table 3 AWGN CQI reporting with TM9 4 layers (4x4)
	SNR (dB)
	Index of Median CQI
	CQI distribution of codeword #1
	BLER

	
	
	Median CQI1 -1
	Median CQI1
	Median CQI1 +1
	Median CQI -1
	Median CQI 
	Median CQI +1

	-2
	3
	30.25%
	69.75%
	0
	0
	0.0036
	1

	0
	4
	30%
	69.75%
	0.25%
	0
	0
	1

	2
	5
	1.25%
	98.75%
	0
	0
	0
	0.7458

	4
	6
	1%
	99%
	0
	0
	0
	1

	6
	7
	0.5%
	99.5%
	0
	0
	0.0523
	1

	8
	8
	0
	100%
	0
	0
	0
	1

	10
	9
	0
	100%
	0
	0
	0
	1

	12
	9
	0
	100%
	0
	0
	0
	0.5657

	14
	11
	0
	100%
	0
	0
	0
	0.9174

	16
	12
	0
	100%
	0
	0
	0
	0.9111

	18
	13
	0
	100%
	0
	0
	0
	0.7630

	20
	14
	0
	100%
	0
	0
	0
	0.9179


According to table 1~ table 3, we propose the following test cases for 3/4 layers CQI reporting:

· TM4, 3 layers, 4x4 antenna configuration, based on section 9.2.2.1.

· TM9, 4 layers, 4x4 antenna configuration, based on section 9.2.3.1.
Proposal2: Define the following test cases for AWGN CQI reporting:
· TM4, 3 layers, 4x4 antenna configuration, based on section 9.2.2.1.

· TM9, 4 layers, 4x4 antenna configuration, based on section 9.2.3.1.
Regarding the test methodology of 3/4 layers CQI reporting under AWGN, the metric of 2 layers CQI tests can be reused, i.e.:

· The wideband CQI1 shall be within the set {median CQI1 -1, median CQI1, median CQI1 +1} for more than 90% of the time, where the resulting wideband values CQI1 shall be used to determine the median CQI values for codeword #1. For both codeword #0 and #1, the PDSCH BLER using the transport format indicated by the respective median CQI0 -1 and median CQI1 -1 shall be less than or equal to 0.1. Furthermore, for both codeword #0 and #1, the PDSCH BLER using the transport format indicated by the respective median CQI0 +1 and median CQI1 +1 shall be greater than or equal to 0.1.
Proposal3: Apply the existing test metric of 2 layers for 3/4 layers tests for AWGN CQI.
Fading CQI test

According to specifications, the existing CQI test cases under frequency non-selective channel include 1 layer test for TM1 (CRS based TM) and TM9 (CSI-RS based TM). In last meeting, fading CQI test for 4Rx was discussed and the following test requirements were proposed:

· CRS Rank 1: TM1. Based on 9.3.5.1

· CSI-RS Rank 1. TM9, Based on 9.3.5.2

· CRS Rank 3 or 4: TM4. Based on 9.3.2.1

· CSI-RS Rank 3 or 4: TM9. Based on 9.3.2.2
Thus, we propose to define the fading CQI test with 1 layer for DL 4Rx. Considering both CRS and CSI-RS transmission modes, the existing test cases for TM1 and TM9 can be extended and reused.

Proposal4: For fading CQI, the following test cases are proposed:
· TM1, 1 layer, based on 9.3.5.1

· TM9, 1 layer, based on 9.3.5.2
3. Conclusion
In this contribution, we provide our analysis and proposals for 4Rx CQI reporting requirements. And these proposals are summarized as following:

Proposal1: It is not necessary to add 1/2 layer CQI test cases with 4Rx antennas for AWGN CQI.

Proposal2: Define the following test cases for AWGN CQI reporting:

· TM4, 3 layers, 4x4 antenna configuration, based on section 9.2.2.1.

· TM9, 4 layers, 4x4 antenna configuration, based on section 9.2.3.1.
Proposal3: Apply the existing test metric of 2 layers for 3/4 layers tests for AWGN CQI.
Proposal4: For fading CQI, the following test cases are proposed:
· TM1, 1 layer, based on 9.3.5.1

· TM9, 1 layer, based on 9.3.5.2
4. Reference
[1] R4-158390, Meeting minutes for 4Rx ad hoc on RRM and demod, Ericsson
