[bookmark: OLE_LINK103][bookmark: OLE_LINK104]3GPP TSG-RAN WG4 Meeting #90b                    	   R4-1903271
Xi’an, China, Apr 8th – 12th, 2019

Agenda item:            6.12.1.4.4
Source:	  MediaTek Inc. 
Title:	  NR CSI RI simulation result
Document for:          Discussion 
1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In this paper, we present the simulation results of CSI RI. 
2	Discussion
Based on the simulation assumption in [1], we provide the simulation result of CSI RI test cases. Table A.1 (in Appendix) is the simulation assumption for RI. Table A.2~Table A.5 contain other detailed parameter setting in the simulation. 
Performance metric:
Gamma1 = The ratio of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 1
Gamma 2 = The ratio of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 2
Table 2.1~Table 2.5 are the test points and the temporary requirement 

Table 2.1 FR1 FDD 2RX (2TX)
	Test  number
	1
	2
	3

	Antenna
	ULA Low
	ULA Low
	ULA High

	SNR (dB)
	0
	20
	20

	Ref. fix rank
	γ2
	γ1
	γ1

	T-put ratio requirement
	[1]
	[1.05]
	[0.9]

	Result
	1.26
	1.14
	1.00




Table 2.2 FR1 TDD 2RX (2TX)
	Test  number
	1
	2
	3

	Antenna
	ULA Low
	ULA Low
	ULA High

	SNR (dB)
	0
	20
	20

	Ref. fix rank
	γ2
	γ1
	γ1

	T-put ratio requirement
	[1]
	[1.05]
	[0.9]

	Result
	1.15
	1.14
	1.00



Table 2.3 FR1 FDD 4RX
	Test  number
	1
	2
	3
	4

	Antenna
	2Tx 4Rx 
ULA Low
	2Tx 4Rx 
ULA Low
	2Tx 4Rx
ULA High
	4Tx 4Rx 
ULA Low

	SNR (dB)
	[0]*
	16
	16
	[20]*

	Ref. fix rank
	γ2
	γ1
	γ1
	γ2

	T-put ratio requirement
	TBD
	[1.05]
	[0.9]
	TBD

	Result
	1.10
	1.44
	1.00
	1.10




Table 2.4 FR1 TDD 4RX
	Test  number
	1
	2
	3
	4

	Antenna
	2Tx 4Rx 
ULA Low
	2Tx 4Rx 
ULA Low
	2Tx 4Rx
ULA High
	4Tx 4Rx 
ULA Low

	SNR (dB)
	[0]*
	16
	16
	[20]*

	Ref. fix rank
	γ2
	γ1
	γ1
	γ2

	T-put ratio requirement
	TBD
	[1.05]
	[0.9]
	TBD

	Result
	1.13
	1.47
	1.00
	1.09




Table 2.5 FR2 TDD 2RX (2TX)
	Test  number
	1
	2
	3

	Antenna
	ULA Low
	ULA Low
	XP High

	SNR (dB)
	0
	20
	20

	Ref. fix rank
	γ2
	γ1
	γ1

	T-put ratio requirement
	[1]
	[1.05]
	[1.05]

	Result
	1.15
	1.26
	1.27













2.1 FR1 FDD 
Table 2.1.1~Table 2.1.3 are the simulation results of FR1 FDD 2RX and 4RX

Table 2.1.1 Test 1 FR1 FDD - 2TX, 2RX
	
	ULA Low
	ULA High

	SNR [dB]
	Gamma 1
	Gamma 2
	Gamma 1
	Gamma 2

	-6
	1.00
	1.72
	0.72
	3.55

	-4
	1.03
	1.17
	0.86
	2.54

	-2
	1.07
	1.12
	0.94
	2.18

	0
	1.05
	1.26
	0.98
	2.08

	2
	1.02
	1.31
	0.99
	2.13

	4
	1.03
	1.31
	1.00
	2.43

	6
	1.02
	1.26
	1.00
	2.85

	8
	1.04
	1.21
	1.00
	3.43

	10
	1.05
	1.19
	1.00
	4.07

	12
	1.06
	1.15
	1.00
	4.40

	14
	1.08
	1.13
	1.00
	4.02

	16
	1.09
	1.10
	1.00
	3.58

	18
	1.12
	1.08
	1.00
	2.87

	20
	1.14
	1.06
	1.00
	2.44

	22
	1.16
	1.03
	1.00
	2.02

	24
	1.21
	1.02
	1.00
	1.73

	26
	1.27
	1.01
	1.00
	1.56




Table 2.1.2 Test 1 FR1 FDD – 2TX, 4RX
	
	ULA Low
	ULA High

	SNR [dB]
	Gamma 1
	Gamma 2
	Gamma 1
	Gamma 2

	-6
	1.36
	1.05
	0.82
	2.04

	-4
	1.29
	1.09
	0.94
	1.95

	-2
	1.14
	1.14
	0.98
	2.10

	0
	1.11
	1.10
	1.00
	2.35

	2
	1.11
	1.09
	1.00
	2.90

	4
	1.14
	1.05
	1.00
	3.87

	6
	1.22
	1.02
	1.00
	5.40

	8
	1.27
	1.01
	1.00
	6.37

	10
	1.29
	1.00
	1.00
	5.81

	12
	1.35
	1.00
	1.00
	4.37

	14
	1.39
	1.00
	1.00
	3.46

	16
	1.44
	1.00
	1.00
	3.13

	18
	1.45
	1.00
	1.00
	2.87

	20
	1.53
	1.00
	1.00
	2.41

	22
	1.67
	1.00
	1.00
	1.97

	24
	1.81
	1.00
	1.00
	1.70

	26
	1.92
	1.00
	1.00
	1.48




Table 2.1.3 Test 1 FR1 FDD – 4TX, 4RX
	
	ULA Low

	SNR [dB]
	Gamma 1
	Gamma 2

	-6
	1.20
	1.09

	-4
	1.04
	1.19

	-2
	1.07
	1.15

	0
	1.05
	1.09

	2
	1.09
	1.10

	4
	1.19
	1.02

	6
	1.28
	1.02

	8
	1.32
	1.02

	10
	1.38
	1.03

	12
	1.47
	1.03

	14
	1.52
	1.04

	16
	1.60
	1.06

	18
	1.79
	1.09

	20
	1.94
	1.10

	22
	2.02
	1.12

	24
	2.17
	1.17

	26
	2.43
	1.25

	28
	2.65
	1.36

	30
	2.72
	1.36




2.2 FR1 TDD 
Table 2.2.1~Table 2.2.3 are the simulation results of FR1 TDD

Table 2.2.1 Test 2 FR1 TDD - 2TX, 2RX
	
	ULA Low
	ULA High

	SNR [dB]
	Gamma 1
	Gamma 2
	Gamma 1
	Gamma 2

	-6
	1.00
	1.89
	0.50
	1.84

	-4
	1.02
	0.91
	0.77
	1.67

	-2
	1.07
	0.89
	0.94
	1.66

	0
	1.09
	1.15
	0.99
	1.73

	2
	1.06
	1.29
	1.00
	1.96

	4
	1.03
	1.35
	1.00
	2.32

	6
	1.03
	1.26
	1.00
	2.82

	8
	1.01
	1.19
	1.00
	3.46

	10
	1.02
	1.16
	1.00
	4.02

	12
	1.03
	1.12
	1.00
	4.33

	14
	1.04
	1.08
	1.00
	3.77

	16
	1.06
	1.05
	1.00
	3.19

	18
	1.10
	1.04
	1.00
	2.67

	20
	1.14
	1.02
	1.00
	2.45

	22
	1.14
	1.01
	1.00
	2.09

	24
	1.14
	1.00
	1.00
	1.84

	26
	1.16
	1.00
	1.00
	1.53



Table 2.2.2 Test 2 FR1 TDD – 2TX, 4RX
	
	ULA Low
	ULA High

	SNR [dB]
	Gamma 1
	Gamma 2
	Gamma 1
	Gamma 2

	-6
	1.80
	1.00
	0.90
	1.16

	-4
	1.94
	1.00
	1.09
	1.31

	-2
	1.60
	1.06
	1.10
	1.58

	0
	1.31
	1.13
	1.05
	1.91

	2
	1.21
	1.09
	1.02
	2.43

	4
	1.16
	1.07
	1.00
	3.08

	6
	1.24
	1.03
	1.00
	3.81

	8
	1.31
	1.01
	1.00
	4.33

	10
	1.36
	1.00
	1.00
	4.28

	12
	1.41
	1.00
	1.00
	3.68

	14
	1.43
	1.00
	1.00
	3.14

	16
	1.47
	1.00
	1.00
	2.88

	18
	1.51
	1.00
	1.00
	2.75

	20
	1.53
	1.00
	1.00
	2.54

	22
	1.63
	1.00
	1.00
	2.26

	24
	1.77
	1.00
	1.00
	1.88

	26
	1.88
	1.00
	1.00
	1.55




Table 2.2.3 Test 2 FR1 TDD – 4TX, 4RX
	
	ULA Low

	SNR [dB]
	Gamma 1
	Gamma 2

	-6
	1.97
	1.00

	-4
	1.59
	1.06

	-2
	1.15
	1.17

	0
	1.11
	1.15

	2
	1.08
	1.11

	4
	1.14
	1.07

	6
	1.28
	1.04

	8
	1.39
	1.06

	10
	1.44
	1.06

	12
	1.53
	1.07

	14
	1.58
	1.08

	16
	1.61
	1.08

	18
	1.70
	1.09

	20
	1.85
	1.09

	22
	1.87
	1.05

	24
	2.01
	1.10

	26
	2.34
	1.24

	28
	2.53
	1.28

	30
	2.53
	1.27





2.3 FR2 TDD 
Table 2.3.1 are the simulation results of FR2 TDD

Table 2.3.1 Test 3 FR2 TDD - 2TX, 2RX
	
	ULA Low
	XP High

	SNR [dB]
	Gamma 1
	Gamma 2
	Gamma 1
	Gamma 2

	-6
	0.70
	2.36
	0.71
	2.08

	-4
	0.86
	1.28
	0.88
	1.24

	-2
	0.97
	1.14
	0.99
	1.13

	0
	0.99
	[bookmark: _GoBack]1.15
	1.01
	1.14

	2
	1.02
	1.15
	1.03
	1.13

	4
	1.03
	1.15
	1.03
	1.14

	6
	1.02
	1.14
	1.03
	1.12

	8
	1.03
	1.11
	1.05
	1.10

	10
	1.05
	1.07
	1.06
	1.06

	12
	1.06
	1.05
	1.08
	1.04

	14
	1.07
	1.04
	1.09
	1.03

	16
	1.10
	1.02
	1.11
	1.03

	18
	1.16
	1.01
	1.18
	1.00

	20
	1.26
	1.00
	1.27
	1.00

	22
	1.37
	1.00
	1.39
	1.00

	24
	1.47
	1.00
	1.49
	1.00

	26
	1.55
	1.00
	1.57
	1.00




3	Conclusions
In the contribution, we provide our simulation results of CSI RI tests. 
4	Reference
[1] R4-1902404, “Way forward on NR UE CSI requirements”, Samsung



Appendix
Table A.1 RI test cases 
	Parameter
	Test 1 (FR1 FDD)
	Test 2 (FR1 FDD)
	Test 3 FR2 

	Bandwidth/SCS
	10MHz /15kHz
	40MHz/30kHz
	100MHz/120kHz

	Transmission Scheme
	1
	1
	1

	Duplex Mode
	FDD 
	TDD
	TDD

	MCS table
	256QAM
	256QAM
	64QAM

	DLUL configuration
	N.A
	7D1S2U (FR1.30-1)
	DDSU (FR2.120-2)

	Propagation channel
	TDL_A 30ns, 5Hz
	TDL_A 30ns, 5Hz
	TDL_A 30ns, 35Hz

	Correlation and antenna configuration
	2RX:
2*2  ULA Low, ULA High
4Rx:
2*4 ULA Low, ULA High. 4*4 ULA  Low
	2Rx:
2*2  ULA Low, ULA High
4Rx:
2*4 ULA Low, ULA High
4*4 ULA  Low
	2Rx 2*2 
[ULA Low, XP High]

	resourceConfigType
	Periodic 
	Periodic 
	Aperiodic

	NZP CSI-RS ports
	2/4
	2/4
	2

	reportConfigType
	periodic
	periodic
	Aperiodic

	Reporting periodicity and   slot offset
	5/1
	10/1
	8/1

	Codebook Restriction
	2Tx:
000011 for fixed RI = 1
010000 for fixed RI = 2
010011 for UE reported RI
4Tx: 
11111111 with N1 =2, N2 =1
	2Tx:
000011 for fixed RI = 1
010000 for fixed RI = 2
010011 for UE reported RI
4Tx: 
11111111 with N1 =2, N2 =1
	000011 for fixed RI = 1
010000 for fixed RI = 2
010011 for UE reported RI

	RI Rrestriction
	N/A for 2Tx
4Tx: 00000010 for fixed Rank 2 and 00001111 for follow RI
	N/A for 2Tx
4Tx: 00000010 for fixed Rank 2 and 00001111 for follow RI
	N/A

	Reporting granularity  
	Wide-band
	Wide-band
	Wide-band

	Physical channel for reporting
	PUSCH
	PUSCH
	PUSCH

	PUCCH reporting format
	FFS
	FFS
	FFS

	CQI table 
	Table 2 with 256QAM
	Table 2 with 256QAM
	Table 1 without 256QAM

	Minimum CSI delay
	8ms
	9.5ms
	1.375ms



Table A.2 CSI simulation detailed parameter setting
	Items
	Setting
	Notes

	TDD UL/DL configurations
	· FR1 TDD: 7D1S2U, S =  6D:4G:4U
· FR2 TDD: DDSU, S=11D+3G
	

	HARQ
	· For PMI, RV sequence ={0,2,3,1}
· For RI and CQI test cases ,no retransmission
	

	CSI-RS resource/CSI reporting periodicity slot offset for periodic CSI reporting
	· FR1 FDD 15 kHz: 5/1
· FR1 TDD 30 kHz: Option 1: 10/1
· FR2 TDD 120 kHz:
· Option 1:  16/1
· Option 2:  8/1
	

	Minimum CSI delay for periodic CSI
	8ms
	

	CSI-RS resource/CSI reporting interval and slot offset for aperiodic CSI reporting
	· FR1 FDD 15 kHz: 3/1 with total CSI delay [8]slots 
· FR1 TDD 30 kHz: 5/1 with total CSI delay [12] slots
· FR2 TDD 120 kHz: 12/1 with total CSI delay [27] slots
	

	CSI reporting and CSI-RS resources Type  for fading CQI test cases and RI test cases of FR2
	· Option 1: Periodic (previous meeting agreements)
· Option 2: aperiodic (baseline)
· Companies are encouraged to bring analysis for above options considering different CSI delay assumptions for periodic and aperiodic CSI reporting types
	

	Number of HARQ process number
	· FR1 FDD: 4
· FR1 TDD: 8
· FR2 TDD: 8
	

	
	
	



Table A.3 NZP CSI-RS configurations
	First subcarrier index in the PRB used for CSI-RS (k0, k1)
	Row 3, (6,-)
	Row 4,(0,-)
	Row 8,(4,6)

	First OFDM symbol in the PRB used for CSI-RS (l0)
	13
	13
	5

	Number of CSI-RS ports (X)
	2
	4
	8

	CDM Type
	FD-CDM2
	FD-CDM2
	CDM4 (FD2,TD2)

	Density (ρ)
	1
	1
	1









Table A.4 ZP CSI-RS configurations
	Parameters
	FR1
	FR2

	First subcarrier index in the PRB used for CSI-RS (k0)
	Row 5, 4
	Row 4,  8

	First OFDM symbol in the PRB used for CSI-RS (l0)
	9
	13

	Number of CSI-RS ports (X)
	4
	4

	CDM Type
	FD-CDM2
	FD-CDM2

	Density (ρ)
	1
	1


    











Table A.5 CSI-IM configurations
	Parameters    
	FR1
	FR2

	CSI-IM-RE-pattern    
	Pattern 0
	Pattern 1

	CSI-IM-ResourceMapping
(kCSI-IM,lCSI-IM)
	(4,9)
	(8,13) 






