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1. Introduction

In the last meeting, CSI requirement for eDL MIMO was discussed [1], and CRs for CQI reporting requirements were agreed [3, 4, 5]. In this contribution, we show our simulation results for CQI reporting based on the CR [3, 4, 5] in order for RAN4 to decide TBD values in these CRs.
2. Simulation results

In each section below, simulation assumptions, simulation results and proposed requirements are shown. 

2.1 CQI reporting for static conditions
For static conditions, in the last meeting, simulation results were shown by many companies, and it was agreed that Rel-8 requirement can be reused with modification of input SNR value to adjust the number of Tx antenna.  It was also agreed that TBS size should be changed so that CSI-RS overhead is considered [3]. In this section we show the effect of this TBS change in our simulation. The simulation assumptions are in line with the agreed CR [3].  Simulation results are shown in Tables 3-6.
Table 3  CQI AWGN simulation results for 4Tx FDD, SNR=7dB and 8dB

	
	SNR=7dB
	SNR=8dB

	
	CQI
	BLER
	Distribution
	CQI
	BLER
	Distribution

	Median-1
	8
	0.00
	23%
	8
	0.00
	0%

	Median
	9
	0.00
	77%
	9
	0.00
	100%

	Median+1
	10
	1.00
	0%
	10
	0.93
	0%


Table 4  CQI AWGN simulation results for 4Tx FDD, SNR=13dB and 14dB

	
	SNR=13dB
	SNR=14dB

	
	CQI
	BLER
	Distribution
	CQI
	BLER
	Distribution

	Median-1
	11
	0.00
	10%
	11
	0.00
	0%

	Median
	12
	0.00
	90%
	12
	0.00
	100%

	Mediam+1
	13
	0.99
	0%
	13
	0.73
	0%


Table 5  CQI AWGN simulation results for 8Tx TDD, SNR=4dB and 5dB

	
	SNR=4dB
	SNR=5dB

	
	CQI
	BLER
	Distribution
	CQI
	BLER
	Distribution

	Median-1
	8
	0.00
	12%
	8
	0.00
	0%

	Median
	9
	0.00
	88%
	9
	0.00
	100%

	Mediam+1
	10
	1.00
	0%
	10
	0.99
	0%


Table 6  CQI AWGN simulation results for 8Tx TDD, SNR=10dB and 11dB

	
	SNR=10dB
	SNR=11dB

	
	CQI
	BLER
	Distribution
	CQI
	BLER
	Distribution

	Median-1
	11
	0.00
	3%
	11
	0.00
	0%

	Median
	12
	0.00
	97%
	12
	0.00
	100%

	Median+1
	13
	1.00
	0%
	13
	0.55
	0%


It is shown that Rel-8 requirement can also be applied for newly defined TBS size. It is proposed to remove the squire bracket in [3].
2.2 CQI reporting for frequency non selective scheduling mode for FDD
Table 1 Simulation assumptions for frequency non selective scheduling for FDD
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	9

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

	Propagation channel
	
	EPA5

	Correlation and antenna configuration
	
	[ULA High (4 x 2)]

	Cell-specific reference signals
	
	Antenna ports 0,1

	CSI reference signals
	
	[Antenna ports 15,…,18]

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

	CSI-RS reference signal configuration
	
	[2]

	CodeBookSubsetRestriction bitmap
	
	[0x0000 0000 0000 0001]

	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

	Max number of HARQ transmissions
	
	1

	Note 1:
If the UE reports in an available uplink reporting instance at subframe SF#n based on CQI estimation at a downlink SF not later than SF#(n-4), this reported wideband CQI cannot be applied at the eNB downlink before SF#(n+4)

Note 2:
Reference measurement channel according to Table A.4-1 for Category 2-8 with one sided dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.1.1 and Table A.4-7 for Category 1 with one/two sided dynamic OCNG Pattern OP.1/2 FDD as described in Annex A.5.1.1/2.

Note 3:
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 4:
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 subframe SF#0 and #5.



Table 2  Wide-band CQI simulation results for FDD 4Tx ULA 
	SNR(dB)
	Median CQI
	Probability not in 

{median CQI -1, median CQI +1}
(alpha)
	Throughput gain (gamma)
	BLER for follow CQI

	0
	6
	0.40
	1.19
	0.098

	1
	7
	0.34
	1.13
	0.11

	2
	8
	0.31
	1.15
	0.12

	3
	8
	0.27
	1.10
	0.13

	4
	9
	0.26
	1.26
	0.14

	5
	9
	0.24
	1.13
	0.15

	6
	9
	0.29
	1.11
	0.14

	7
	10
	0.28
	1.19
	0.15

	8
	10
	0.34
	1.12
	0.16

	9
	11
	0.29
	1.11
	0.17

	10
	11
	0.32
	1.04
	0.19

	11
	12
	0.37
	1.07
	0.21

	12
	12
	0.41
	1.00
	0.22

	13
	13
	0.30
	1.20
	0.22


Table 3  Requirements for Rel-8
	
	Test1
	Test2

	SNR(dB)
	6
	7
	12
	13

	alpha
	>0.2

	gamma
	>1.05

	BLER
	>0.02

	Antenna configuration
	1x2


Table 4  Proposed requirements for eDL-MIMO
	
	Test1
	Test2

	SNR(dB)
	0
	1
	6
	7

	alpha
	>0.2

	gamma
	>1.05

	BLER
	>0.02

	Antenna configuration
	4x2


The proposed test point is 6dB lower than Rel-8 requirement, since 4Tx and high antenna correlation is assumed for eDL MIMO. As for other values, we propose same requirements as Rel-8 MIMO.
2.3 CQI reporting for frequency non selective scheduling mode for TDD
Table 5 Simulation assumptions for frequency non selective scheduling for TDD
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	9

	Uplink downlink configuration
	
	2

	Special subframe configuration
	
	4

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

	Propagation channel
	
	EPA5

	Correlation and antenna configuration
	
	[XP High (8 x 2)]

	CRS reference signals
	
	Antenna ports 0, 1

	CSI reference signals
	
	[Antenna ports 15,…,22]

	CSI-RS periodicity and subframe offset
TCSI-RS / ICSI-RS
	
	[5/ 3]

	CSI-RS reference signal configuration
	
	[2]

	CodeBookSubsetRestriction bitmap
	
	[0x0000 0000 0000 0020 0000 0000 0001]

	Reporting mode
	
	PUCCH 1-1 (Sub-mode: 2)

	Reporting periodicity
	ms
	Npd = [5]

	CQI delay
	ms
	[10]

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

	PUCCH Report Type for CQI/ PMI
	
	TBD

	Physical channel for RI reporting
	
	PUCCH Format 2

	PUCCH report type for RI
	
	TBD

	cqi-pmi-ConfigurationIndex
	
	[3]

	ri-ConfigIndex
	
	805 (Note 5)

	Max number of HARQ transmissions
	
	1

	ACK/NACK feedback mode
	
	Multiplexing

	Note 1:
If the UE reports in an available uplink reporting instance at subframe SF#n based on CQI estimation at a downlink SF not later than SF#(n-4), this reported wideband CQI cannot be applied at the eNB downlink before SF#(n+4)

Note 2:
Reference measurement channel according to Table A.4-1 for Category 2-8 with one sided dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.1.1 and Table A.4-7 for Category 1 with one/two sided dynamic OCNG Pattern OP.1/2 FDD as described in Annex A.5.1.1/2.

Note 3:
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 4:
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#3 and #8 to allow periodic CQI/ PMI to multiplex with the HARQ-ACK on PUSCH in uplink subframe SF#2 and #7.
Note 5:
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 6  Wide-band CQI simulation results for TDD 8Tx XP 
	SNR(dB)
	Median CQI
	Probability not in 

{median CQI -1, median CQI +1}

(alpha)
	Throughput gain (gamma)
	BLER for follow CQI

	-3
	6
	0.33
	1.17
	0.13

	-2
	6
	0.37
	1.18
	0.16

	-1
	7
	0.26
	1.17
	0.18

	0
	8
	0.24
	1.21
	0.21

	1
	8
	0.20
	1.15
	0.20

	2
	9
	0.18
	1.16
	0.23

	3
	9
	0.15
	1.08
	0.23

	4
	9
	0.21
	1.05
	0.24

	5
	10
	0.19
	1.26
	0.25

	6
	10
	0.27
	1.14
	0.23

	7
	11
	0.20
	1.15
	0.23

	8
	12
	0.28
	1.32
	0.23

	9
	12
	0.28
	1.13
	0.24

	10
	12
	0.36
	1.03
	0.25

	11
	13
	0.20
	1.17
	0.25

	12
	14
	0.24
	1.30
	0.24

	13
	14
	0.17
	1.15
	0.21


Table 7  Requirements for Rel-8
	
	Test1
	Test2

	SNR(dB)
	6
	7
	12
	13

	alpha
	>0.2

	gamma
	>1.05

	BLER
	>0.02

	Antenna configuration
	1x2


Table 8  Proposed requirement value for eDL MIMO
	
	Test1
	Test2

	SNR(dB)
	-3
	-2
	3
	4

	alpha
	>0.10

	gamma
	>1.05

	BLER
	>0.02

	Antenna configuration
	8x2


It is observed that probability not in {median CQI -1, median CQI +1} is larger than rel-8 cases, and it is larger than 0.2 (Rel-8 requirement) in many SNR points. The reason would be that 8Tx is used in this test, and even though antenna correlation is high, each antenna has different amplitude and phase, which will be averaged at the receiver. Therefore CQI distribution becomes narrower than 1Tx case. From this reason, it is natural to change the alpha from the Rel-8 for eDL MIMO. Our proposal for alpha in this test is 0.1.
As for SNR test point, the same reason as section 2.1 is applied, and 9dB lower point than Rel-8 is proposed.
2.4 CQI reporting for frequency selective scheduling mode for FDD
Table 9 Simulation assumptions for frequency selective test for FDD

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	9

	Downlink power allocation
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	Propagation channel
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	Antenna configuration
	
	2x2

	CRS reference signals
	
	Antenna ports 0

	CSI reference signals
	
	[Antenna ports 15, 16]

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

	CSI-RS reference signal configuration
	
	[4]

	CodeBookSubsetRestriction bitmap
	
	0x0000 0000 0000 0001 

	Reporting interval (Note 4)
	ms
	5

	CQI delay
	ms
	8

	Reporting mode
	
	PUSCH 3-1

	Sub-band size
	RB
	6 (full size)

	Max number of HARQ transmissions
	
	1

	Note 1:
If the UE reports in an available uplink reporting instance at subframe SF#n based on CQI estimation at a downlink subframe not later than SF#(n-4), this reported subband or wideband CQI cannot be applied at the eNB downlink before SF#(n+4)

Note 2:
Reference measurement channel according to Table A.4-4 with one/two sided dynamic OCNG Pattern OP.1/2 FDD as described in Annex A.5.1.1/2.
Note 3:
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 4:
PDCCH DCI format 0 with a trigger for aperiodic CQI shall be transmitted in downlink SF#1 and #6 to allow aperiodic CQI/PMI/RI to be transmitted in uplink SF#0 and #5.


Table 10  Sub-band CQI 2tap model simulation results for 2Tx FDD
	SNR(dB)
	Median CQI
	Probability for sub-band differential CQI = 0
	Throughput gain (gamma)
	BLER for follow CQI

	0
	6
	0.17
	1.95
	0.35

	1
	7
	0.15
	1.89
	0.27

	2
	7
	0.14
	1.86
	0.24

	3
	8
	0.13
	1.80
	0.24

	4
	8
	0.13
	1.83
	0.21

	5
	9
	0.12
	1.56
	0.31

	6
	9
	0.10
	1.90
	0.22

	7
	9
	0.10
	1.90
	0.21

	8
	10
	0.10
	1.97
	0.16

	9
	10
	0.09
	1.85
	0.18

	10
	11
	0.09
	1.91
	0.17

	11
	11
	0.07
	1.94
	0.14

	12
	12
	0.08
	1.65
	0.28

	13
	12
	0.07
	1.80
	0.24

	14
	12
	0.08
	1.57
	0.33

	15
	13
	0.08
	1.60
	0.34


Table 11  Requirements for Rel-8
	
	Test1
	Test2

	SNR(dB)
	9
	10
	14
	15

	alpha
	>0.02

	beta
	<0.55

	gamma
	>1.1

	BLER
	>0.05

	Antenna configuration
	1x2


Table 12  Proposed requirements for eDL MIMO
	
	Test1
	Test2

	SNR(dB)
	6
	7
	11
	12

	alpha
	>0.02

	beta
	<0.55

	gamma
	>1.1

	BLER
	>0.05

	Antenna configuration
	2x2


For SNR test point, the same reason as section 2.1 is applied, and 3dB lower point than Rel-8 is proposed. As for other values, we propose same requirements as Rel-8 MIMO.
2.5 CQI reporting for frequency selective scheduling mode for TDD

Table 13 Simulation assumptions for frequency selective test for TDD

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	9

	Uplink downlink configuration
	
	2

	Special subframe configuration
	
	4

	Downlink power allocation
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	Propagation channel
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	Antenna configuration
	
	2x2

	CRS reference signals
	
	Antenna port 0

	CSI reference signals
	
	[Antenna port 15,16]

	CSI-RS periodicity and subframe offset
TCSI-RS / ICSI-RS
	
	[5/ 3]

	CSI-RS reference signal configuration
	
	[4]

	CodeBookSubsetRestriction bitmap
	
	TBD

	Reporting interval (Note 4)
	ms
	5

	CQI delay
	ms
	[10]

	Reporting mode
	
	PUSCH 3-1

	Sub-band size
	RB
	6 (full size)

	Max number of HARQ transmissions
	
	1

	ACK/NACK feedback mode
	
	Multiplexing

	Note 1:
If the UE reports in an available uplink reporting instance at subframe SF#n based on CQI estimation at a downlink subframe not later than SF#(n-4), this reported subband or wideband CQI cannot be applied at the eNB downlink before SF#(n+4)

Note 2:
Reference measurement channel according to Table A.4-4 with one/two sided dynamic OCNG Pattern OP.1/2 FDD as described in Annex A.5.1.1/2.
Note 3:
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 4:
PDCCH DCI format 0 with a trigger for aperiodic CQI shall be transmitted in downlink SF#3 and #8 to allow aperiodic CQI/PMI/RI to be transmitted on uplink SF#2 and #7.


Table 14  Sub-band CQI 2tap model simulation results for 2Tx TDD
	SNR(dB)
	Median CQI
	Probability for sub-band differential CQI = 0
	Throughput gain (gamma)
	BLER for follow CQI

	0
	6
	0.17
	1.91
	0.34

	1
	7
	0.15
	1.85
	0.28

	2
	7
	0.14
	1.84
	0.26

	3
	8
	0.14
	1.74
	0.28

	4
	8
	0.12
	1.80
	0.23

	5
	9
	0.12
	1.49
	0.34

	6
	9
	0.11
	1.78
	0.26

	7
	9
	0.10
	1.82
	0.24

	8
	10
	0.09
	1.95
	0.17

	9
	10
	0.08
	1.85
	0.19

	10
	11
	0.08
	1.86
	0.19

	11
	11
	0.08
	1.90
	0.16

	12
	11
	0.08
	1.50
	0.33

	13
	12
	0.08
	1.73
	0.26

	14
	12
	0.07
	1.53
	0.35

	15
	13
	0.08
	1.54
	0.37


Table 15  Requirements for Rel-8
	
	Test1
	Test2

	SNR(dB)
	9
	10
	14
	15

	alpha
	>0.02

	beta
	<0.55

	gamma
	>1.1

	BLER
	>0.05

	Antenna configuration
	1x2


Table 16  Proposed requirements for eDL MIMO
	
	Test1
	Test2

	SNR(dB)
	6
	7
	11
	12

	alpha
	>0.02

	beta
	<0.55

	gamma
	>1.1

	BLER
	>0.05

	Antenna configuration
	2x2


For SNR test point, the same reason as section 2.1 is applied, and 3dB lower point than Rel-8 is proposed. As for other values, we propose same requirements as Rel-8 MIMO.
3. Conclusion

Simulation results for eDL MIMO CQI requirements have been presented. Similar to the static case, 9dB shift for 8Tx case, 6dB shift for 4Tx case and 3dB shift for 2Tx case are proposed compared to Rel-8 requirement where 1Tx is assumed. Proposed requirement values are also shown in each section. 
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