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1   Background
In RAN4#88, the way forward on 8Rx UE demodulation and CSI requirements was approved and correspondingly the simulation assumptions for 8Rx was approved [1,2].

For 8Rx CSI requirements, the agreements are as follows:

· CQI reporting definition under AWGN

· Option 1: TM9 rank 8

· Option 2: TM9 rank 4

· Do not define RI test for 8Rx UEs

In this contribution, we provide the simulation results for 8Rx CQI test. And we also correct some errors in the simulation assumptions for the 8Rx CQI test.
2   Discussion

2.1   Further discussion on the test parameters
When 8Tx is assumed in the CQI reporting requirements, the double codebook W1 and W2 will be used at transmitter and reported at receiver. To support the double codebook, the PUCCH 1-1 submode1 or submode2 will be configured rather than PUCCH mode 1-1 for the reporting mode. In the existing CQI PUCCH 1-1 requirements with 8Tx, the submode1 is configured. So we follow the existing requirement and use PUCCH 1-1 submode1 for 8Rx CQI test when 8Tx is configured.
Correspondingly the PUCCH report type needs be updated. Instead of using PUCCH reporting type 2, the PUCCH reporting type 2b is used to transmit the CQI and second PMI, and the PUCCH reporting type 5 is used to transmit the RI and first PMI jointly. To minimize the collision between RI, CQI/PMI and HARQ, the maximum reporting periodicity of 160ms is set for RI reporting.
The revised test parameters for 8Tx × 8Rx are provided in Table 2.1-1. The additional changes are marked by yellow. The test parameters for 4Tx × 8Rx are provided in Table 2.1-2.
Table 2.1-1: PUCCH 1-1 submode 1 static test for 8Tx × 8Rx (FDD) 
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	9

	Downlink power allocation
	
[image: image1.wmf]A

r


	dB
	0

	
	
[image: image2.wmf]B

r


	dB
	0

	
	
[image: image3.wmf]c

P


	dB
	-3

	
	(
	dB
	-3

	Cell-specific reference signals
	
	Antenna ports 0, 1

	CSI reference signals
	
	Option 1: TM9 rank 8: Antenna ports 15,…, 22

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

	CSI reference signal configuration
	
	0

	Propagation condition and antenna configuration
	
	Clause B.1 (4 x 8 for Rank4 or 8x8 for Rank8)

	Beamforming Model
	
	As specified in Section B.4.3

	CodeBookSubsetRestriction bitmap
	
	Rank 4: 0x0001 0000 0000 0000

Rank 8: 0x0000 0000 0000 0010 0000 0000 0000

	SNR (Note 2)
	dB
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	dB[mW/15kHz]
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	dB[mW/15kHz]
	-98
	-98

	Max number of HARQ transmissions
	
	1

	Physical channel for CQI/PMI reporting
	
	PUSCH (Note3)

	PUCCH Report Type for RI/ first PMI
	
	5

	PUCCH Report Type for CQI/second PMI
	
	2b

	Physical channel for RI reporting
	
	PUCCH Format 2

	PUCCH Report Type for RI
	
	3

	Reporting periodicity 
	ms
	Npd = 5

	CQI delay
	ms
	8

	cqi-pmi-ConfigurationIndex
	
	2

	ri-ConfigIndex
	
	805 (Note4)

	Note 1:
Reference measurement channel RC.23 FDD for Rank 8 according to Table A.4-1 with one sided dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.1.1.
Note 2:
For each test, the minimum requirements shall be fulfilled for at least one of the two SNR(s) and the respective wanted signal input level.

Note 3:
To avoid collisions between CQI/PMI reports and HARQ-ACK it is necessary to report both on PUSCH instead of PUCCH. PDCCH DCI format 0 shall be transmitted in downlink SF#1 and #6 to allow periodic CQI/PMI to multiplex with the HARQ-ACK on PUSCH in uplink SF#0 and #5.

Note 4:
RI reporting interval is set to the maximum allowable length of 160ms to minimise collisions between RI, CQI/PMI and HARQ-ACK reports. In the case when all three reports collide, it is expected that CQI/PMI reports will be dropped, while RI and HARQ-ACK will be multiplexed. At eNB, CQI report collection shall be skipped every 160ms during performance verification.


Table 2.4-2: PUCCH 1-1 submode 1 static test for 4Tx × 8Rx (FDD)
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	9

	Downlink power allocation
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	dB
	-3

	
	(
	dB
	-3

	Cell-specific reference signals
	
	Antenna ports 0, 1

	CSI reference signals
	
	Option 2: TM9 rank 4: Antenna ports 15,…,18

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

	CSI reference signal configuration
	
	0

	Propagation condition and antenna configuration
	
	Clause B.1 (4 x 8 for Rank4 or 8x8 for Rank8)

	Beamforming Model
	
	As specified in Section B.4.3

	CodeBookSubsetRestriction bitmap
	
	Rank 4: 0x0001 0000 0000 0000

Rank 8: 0x0000 0000 0000 0010 0000 0000 0000

	SNR (Note 2)
	dB
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	dB[mW/15kHz]
	-98
	-98

	Max number of HARQ transmissions
	
	1

	Physical channel for CQI/PMI reporting
	
	PUSCH (Note3)

	PUCCH Report Type for RI/ first PMI
	
	5

	PUCCH Report Type for CQI/second PMI
	
	2b

	Physical channel for RI reporting
	
	PUCCH Format 2

	PUCCH Report Type for RI
	
	3

	Reporting periodicity 
	ms
	Npd = 5

	CQI delay
	ms
	8

	cqi-pmi-ConfigurationIndex
	
	2

	ri-ConfigIndex
	
	805 (Note4)

	Note 1:
Reference measurement channel RC.23 FDD for Rank 8 according to Table A.4-1 with one sided dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.1.1.
Note 2:
For each test, the minimum requirements shall be fulfilled for at least one of the two SNR(s) and the respective wanted signal input level.

Note 3:
To avoid collisions between CQI/PMI reports and HARQ-ACK it is necessary to report both on PUSCH instead of PUCCH. PDCCH DCI format 0 shall be transmitted in downlink SF#1 and #6 to allow periodic CQI/PMI to multiplex with the HARQ-ACK on PUSCH in uplink SF#0 and #5.
Note 4:
RI reporting interval is set to the maximum allowable length of 160ms to minimise collisions between RI, CQI/PMI and HARQ-ACK reports. In the case when all three reports collide, it is expected that CQI/PMI reports will be dropped, while RI and HARQ-ACK will be multiplexed. At eNB, CQI report collection shall be skipped every 160ms during performance verification.


2.2   Simulation results
According to the agreed simulation assumptions and the revised test parameter given in section 2.1. The simulation results are provided in Table 1~3 and Figure 1 for 8x8 CQI definition test.
Table 1: Distribution of the reported CQI for Codeword#1

	SNR
	0
	1
	2
	3
	4
	5
	6
	7
	M-CQI

	-6
	
	100.00%
	
	
	
	
	
	
	1

	-5
	
	12.89%
	87.11%
	
	
	
	
	
	2

	-4
	
	
	100.00%
	
	
	
	
	
	2

	-3
	
	
	2.06%
	97.94%
	
	
	
	
	3

	-2
	
	
	
	100.00%
	
	
	
	
	3

	-1
	
	
	
	
	100.00%
	
	
	
	4

	0
	
	
	
	
	100.00%
	
	
	
	4

	1
	
	
	
	
	
	100.00%
	
	
	5

	2
	
	
	
	
	
	100.00%
	
	
	5

	3
	
	
	
	
	
	
	100.00%
	
	6

	4
	
	
	
	
	
	
	100.00%
	
	6

	5
	
	
	
	
	
	
	
	100.00%
	7

	6
	
	
	
	
	
	
	
	99.48%
	7

	SNR
	8
	9
	10
	11
	12
	13
	14
	15
	M-CQI

	6
	0.52%
	
	
	
	
	
	
	
	7

	7
	100.00%
	
	
	
	
	
	
	
	8

	8
	98.45%
	1.55%
	
	
	
	
	
	
	8

	9
	
	100.00%
	
	
	
	
	
	
	9

	10
	
	95.88%
	4.12%
	
	
	
	
	
	9

	11
	
	
	100.00%
	
	
	
	
	
	10

	12
	
	
	62.37%
	37.63%
	
	
	
	
	10

	13
	
	
	
	100.00%
	
	
	
	
	11

	14
	
	
	
	50.52%
	49.48%
	
	
	
	11

	15
	
	
	
	
	100.00%
	
	
	
	12

	16
	
	
	
	
	16.49%
	83.51%
	
	
	13

	17
	
	
	
	
	
	100.00%
	
	
	13

	18
	
	
	
	
	
	34.02%
	65.98%
	
	14

	19
	
	
	
	
	
	
	100.00%
	
	14

	20
	
	
	
	
	
	
	98.97%
	1.03%
	14

	21
	
	
	
	
	
	
	
	100.00%
	15

	22
	
	
	
	
	
	
	
	100.00%
	15


Table 2: Distribution of the reported CQI for Codeword#2

	SNR
	0
	1
	2
	3
	4
	5
	6
	7
	M-CQI

	-6
	
	100.00%
	
	
	
	
	
	
	1

	-5
	
	9.79%
	90.21%
	
	
	
	
	
	2

	-4
	
	
	100.00%
	
	
	
	
	
	2

	-3
	
	
	2.58%
	97.42%
	
	
	
	
	3

	-2
	
	
	
	100.00%
	
	
	
	
	3

	-1
	
	
	
	
	100.00%
	
	
	
	4

	0
	
	
	
	
	100.00%
	
	
	
	4

	1
	
	
	
	
	0.52%
	99.48%
	
	
	5

	2
	
	
	
	
	
	100.00%
	
	
	5

	3
	
	
	
	
	
	
	100.00%
	
	6

	4
	
	
	
	
	
	
	100.00%
	
	6

	5
	
	
	
	
	
	
	
	100.00%
	7

	6
	
	
	
	
	
	
	
	98.97%
	7

	SNR
	8
	9
	10
	11
	12
	13
	14
	15
	M-CQI

	6
	1.03%
	
	
	
	
	
	
	
	7

	7
	100.00%
	
	
	
	
	
	
	
	8

	8
	95.88%
	4.12%
	
	
	
	
	
	
	8

	9
	
	100.00%
	
	
	
	
	
	
	9

	10
	
	93.81%
	6.19%
	
	
	
	
	
	9

	11
	
	
	100.00%
	
	
	
	
	
	10

	12
	
	
	64.95%
	35.05%
	
	
	
	
	10

	13
	
	
	
	100.00%
	
	
	
	
	11

	14
	
	
	
	51.55%
	48.45%
	
	
	
	11

	15
	
	
	
	
	100.00%
	
	
	
	12

	16
	
	
	
	
	18.56%
	81.44%
	
	
	13

	17
	
	
	
	
	
	100.00%
	
	
	13

	18
	
	
	
	
	
	31.44%
	68.56%
	
	14

	19
	
	
	
	
	
	
	100.00%
	
	14

	20
	
	
	
	
	
	
	99.48%
	0.52%
	14

	21
	
	
	
	
	
	
	
	100.00%
	15

	22
	
	
	
	
	
	
	
	100.00%
	15


Table 3: BLER vs SNR for median CQI, median CQI+/-1
	SNR
	Median-1
	Median
	Median+1
	Pass?

	-6
	1
	1
	1
	No

	-5
	1
	1
	1
	No

	-4
	1
	1
	1
	No

	-3
	0.998
	1
	1
	No

	-2
	0
	0.99
	1
	Yes

	-1
	0
	1
	1
	Yes

	0
	0
	0.191
	1
	Yes

	1
	0
	1
	1
	Yes

	2
	0
	0.254
	1
	Yes

	3
	0
	1
	1
	Yes

	4
	0
	0.56
	1
	Yes

	5
	0.001
	1
	1
	Yes

	6
	0
	0.968
	1
	Yes

	7
	0.002
	1
	1
	Yes

	8
	0
	0.255
	1
	Yes

	9
	0
	0.96
	1
	Yes

	10
	0
	0.188
	1
	Yes

	11
	0
	1
	1
	Yes

	12
	0
	1
	1
	Yes

	13
	0.627
	1
	1
	No

	14
	0.19
	0.444
	1
	No

	15
	0.221
	1
	1
	No

	16
	1
	1
	1
	No

	17
	0.25
	1
	1
	No

	18
	1
	1
	1
	No

	19
	0.265
	1
	1
	No

	20
	0.25
	1
	1
	No

	21
	1
	1
	1
	No

	22
	0.3
	1
	1
	No
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Figure 1: BLER vs SNR for CQI median, CQI median-1, CQI median+1 for Codeword#1
From the simulation results in Table 1~3 and Figure 1, it can be observed:
· Observation 1: The reported CQI is distributed in {CQI median – 1, CQI median, CQI median + 1} in more than 90% time.
· Observation 2: The BLER criterion is met in the SNR range of -2~12dB.
According to our analysis, one of the reasons that the BLER criterion is not met in the low SNR and high SNR region is due to the inaccurate channel estimation of DMRS to support 8-layer transmission in AWGN channel. The other reason for low SNR is that the CQI #1 and #2 correspond the same TB size, which does not match the low SNR condition. In the simulation, we use the uniform CQI thresholds for all the CQI reporting modes and transmission schemes.
Based on our simulation results, we propose to consider SNR range of -2~12dB for 8-layer CQI testing.
· Proposal: Consider SNR range of -2~12dB to decide the test points for 8x8 CQI definition test.
3   Conclusion

In this contribution, we update the test parameter for 8Rx CQI test and provide the simulation results for 8x8 CQI definition test under static channel. Based on our simulation results we have the following observations and proposal:
· Observation 1: The reported CQI is distributed in {CQI median – 1, CQI median, CQI median + 1} in more than 90% time.
· Observation 2: The BLER criterion is met in the SNR range of -2~12dB.
· Proposal: Consider SNR range of -2~12dB to decide the test points for 8x8 CQI definition test.
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