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1   Introduction
In RAN4#91 meeting, the way forward [1] about the simulation assumptions for NR UCI over PUSCH demodulation performance requirements was agreed. Especially the definition of BLER calculation for the two parts of the CSI were clarified and agreed upon.

In this contribution we share our results about UCI multiplexing on PUSCH as per the agreed simulation assumptions.

2   Simulation Results 
The following results were obtained using the simulation assumptions as captured in [1].
2.1   Simulation settings

Table 1: Simulation assumption for UCI over PUSCH
	Parameter
	Value

	
	FR1
	FR2

	General System
	Transform precoding
	Disabled
	Disabled

	
	Number of Tx
	1
	1

	
	Number of Rx
	2
	2

	
	Number of layers
	1
	1

	
	[Uplink-downlink allocation for TDD]
	30 kHz SCS:
7D1S2U, S=6D:4G:4U
	120kHz SCS:
3D1S1U, S=10D:2G:2U

	
	Code block group based PUSCH transmission
	Disabled
	Disabled

	
	MCS index
	16
	16

	
	Propagation Condition
	MCS 16: TDL-C 300ns, 100 Hz
	MCS 16: TDL-A 30ns, 300Hz

	HARQ
	Maximum number of HARQ transmission
	1
	1

	
	RV
	0
	0

	DMRS
	DMRS configuration type
	1
	1

	
	Maximum number of OFDM symbols for front loaded DMRS
	1
	1

	
	Number of additional DMRS symbols
	1
	0

	
	Number of DMRS CDM group(s) without data
	2
	2

	
	EPRE ratio of PUSCH to DMRS
	-3 dB
	-3 dB

	
	DMRS port
	0
	0

	
	DMRS sequence generation
	NID=0, nSCID =0
	NID=0, nSCID =0

	Time domain resource
	PUSCH mapping type
	A, B
	B

	
	PUSCH starting symbol index
	0 
	0

	
	PUSCH symbol length
	14 
	10

	Frequency domain resource
	Carrier frequency (GHz)
	4
	30

	
	SCS and BW
	30kHz: 10 MHz
	120kHz: 50 MHz

	
	RB assignment
	Full applicable test bandwidth
	Full applicable test bandwidth

	
	Frequency hopping
	Disabled
	Disabled

	PTRS configuration
	Frequency density (KPT-RS)
	no PTRS
	2

	
	Time density (LPT-RS)
	no PTRS
	1

	UCI
	UL-SCH
	With
	With

	
	Payload (bits)
	Case 1: csi_part1= 5, csi_part2 =2
Case 2 : csi_part1=20,csi_part2=20
	Case 1: csi_part1 = 5 ,csi_part2 = 2
Case 2: csi_part1=20, csi_part2=20

	
	uci-on-pusch-scaling
	1
	1

	
	I^HARQ_ACK
	11
	11

	
	I^CSI-1 and I^CSI-2
	13 for CSI part1 and part2 
	13 for CSI part1 and part2

	Test metric
	 
	0.1% BLER of UCI with CSI part1, 
1% BLER of UCI with CSI part2 
	0.1% BLER of UCI with CSI part1, 
1% BLER of UCI with CSI part2 


2.2   Simulation results

2.2.1 Summary

Table 2 summarized all related simulation results for UCI multiplexing over PUSCH.

Table 2: Simulation results summary
	PUSCH 1T2R
	UCI playload
	CSI part1
	CSI part2
	Test metric
	SNR [dB]

	
	
	
	
	
	Ideal
	Impairment

	CP-
OFDM
	FR1 Mappying type A
	30kHz, 10MHz
	MCS16
	TDL300-100
	7
	5
	2
	0.1% BLER of CSI part1
	3,0
	5,0

	
	
	
	
	
	
	
	
	1% BLER of CSI part2
	-3,1
	-1,1

	
	
	
	
	
	40
	20
	20
	0.1% BLER of CSI part1
	1,4
	3,4

	
	
	
	
	
	
	
	
	1% BLER of CSI part2
	-0,4
	1,6

	
	FR1 Mappying type B
	30kHz, 10MHz
	MCS16
	TDL300-100
	7
	5
	2
	0.1% BLER of CSI part1
	3,1
	5,1

	
	
	
	
	
	
	
	
	1% BLER of CSI part2
	-3,1
	-1,1

	
	
	
	
	
	40
	20
	20
	0.1% BLER of CSI part1
	1,2
	3,2

	
	
	
	
	
	
	
	
	1% BLER of CSI part2
	-0,4
	1,6

	
	FR2 Mappying type B
	120KHz, 50MHz
1(0)DMRS
with PTRS
	MCS16
	TDL30-300
	7
	5
	2
	0.1% BLER of CSI part1
	4,9
	6,9

	
	
	
	
	
	
	
	
	1% BLER of CSI part2
	-1,7
	0,3

	
	
	
	
	
	40
	20
	20
	0.1%BLER of CSI part1
	3,3
	5,3

	
	
	
	
	
	
	
	
	1% BLER of CSI part2
	1,7
	3,7

	
	FR2 Mappying type B
	120KHz, 50MHz
1+1(0,8)DMRS
with PTRS
	MCS16
	TDL30-300
	7
	5
	2
	0.1% BLER of CSI part1
	5.9
	7.9

	
	
	
	
	
	
	
	
	1% BLER of CSI part2
	0.7
	2.7

	
	
	
	
	
	40
	20
	20
	0.1% BLER of CSI part1
	4.3
	6.3

	
	
	
	
	
	
	
	
	1% BLER of CSI part2
	2.1
	4.1

	
	FR2 Mappying type B
	120KHz, 50MHz
1(0)DMRS
without PTRS
	MCS16
	TDL30-300
	7
	5
	2
	0.1% BLER of CSI part1
	5.6
	7.6

	
	
	
	
	
	
	
	
	1% BLER of CSI part2
	0.5
	2.5

	
	
	
	
	
	40
	20
	20
	0.1% BLER of CSI part1
	4.1
	6.1

	
	
	
	
	
	
	
	
	1% BLER of CSI part2
	2.3
	4.3

	
	FR2 Mappying type B
	120KHz, 50MHz
1+1(0,8)DMRS
withoutPTRS
	MCS16
	TDL30-300
	7
	5
	2
	0.1% BLER of CSI part1
	5.7
	7.7

	
	
	
	
	
	
	
	
	1% BLER of CSI part2
	-0.1
	1.9

	
	
	
	
	
	40
	20
	20
	0.1%BLER of CSI part1
	3.9
	5.9

	
	
	
	
	
	
	
	
	1% BLER of CSI part2
	2
	4


2.2.2   30KHz_DMRS1+1_typeA_40bit
Table 3: 30KHz_DMRS1+1_typeA_40bit

	SNR [dB]
	BLER

	
	CSI part1
	CSI part2

	-8
	0.8095
	0.8080

	-7
	0.6783
	0.6769

	-6
	0.5159
	0.5131

	-5
	0.3504
	0.3567

	-4
	0.2175
	0.2141

	-3
	0.1052
	0.1093

	-2
	0.0488
	0.0495

	-1
	0.0221
	0.0222

	0
	0.0066
	0.0061

	1
	0.0020
	0.0020

	2
	0.0004
	0.0004


2.2.3 30KHz_DMRS1+1_typeA_7bit

Table 4: 30KHz_DMRS1+1_typeA_7bit

	SNR [dB]
	BLER

	
	CSI part1
	CSI part2

	-8
	0.4881
	0.1158

	-7
	0.4158
	0.0826

	-6
	0.3261
	0.0541

	-5
	0.2500
	0.0334

	-4
	0.1788
	0.0190

	-3
	0.1273
	0.0094

	-2
	0.0722
	0.0033

	-1
	0.0378
	0.0019

	0
	0.0212
	0.0009

	1
	0.0085
	0.0002

	2
	0.0044
	0.0001

	3
	0.0010
	

	4
	0.0002
	


2.2.4 30KHz_DMRS1+1_typeB_40bit

Table 5: 30KHz_DMRS1+1_typeB_40bit

	SNR [dB]
	BLER

	
	CSI part1
	CSI part2

	-8
	0.8057
	0.8085

	-7
	0.6765
	0.6717

	-6
	0.5104
	0.5093

	-5
	0.3451
	0.3518

	-4
	0.2098
	0.2065

	-3
	0.1102
	0.1127

	-2
	0.0479
	0.0471

	-1
	0.0190
	0.0190

	0
	0.0082
	0.0060

	1
	0.0013
	0.0023

	2
	0.0003
	0.0003


2.2.5 30KHz_DMRS1+1_typeB_7bit

Table 6: 30KHz_DMRS1+1_typeB_7bit

	SNR [dB]
	BLER

	
	CSI part1
	CSI part2

	-8
	0.4868
	0.1149

	-7
	0.4107
	0.0802

	-6
	0.3254
	0.0518

	-5
	0.2488
	0.0307

	-4
	0.1769
	0.0190

	-3
	0.1158
	0.0089

	-2
	0.0697
	0.0048

	-1
	0.0387
	0.0023

	0
	0.0173
	0.0007

	1
	0.0084
	0.0001

	2
	0.0029
	

	3
	0.0011
	

	4
	0.0004
	


2.2.6 120KHz_DMRS1_40bit

Table7: 120KHz_DMRS1_40bit

	SNR [dB]
	BLER

	
	CSI part1
	CSI part2

	
	WithPTRS
	WithoutPTRS
	WithPTRS
	WithoutPTRS

	-8
	0.8367
	0.8805
	0.8385
	0.8861

	-7
	0.7228
	0.7984
	0.7420
	0.7983

	-6
	0.6118
	0.6852
	0.6200
	0.6899

	-5
	0.4845
	0.5629
	0.4920
	0.5640

	-4
	0.3538
	0.4326
	0.3405
	0.4313

	-3
	0.2431
	0.3071
	0.2420
	0.3099

	-2
	0.1566
	0.1978
	0.1525
	0.1993

	-1
	0.0838
	0.1214
	0.0820
	0.1204

	0
	0.0451
	0.0631
	0.0443
	0.0675

	1
	0.0205
	0.0308
	0.0235
	0.0304

	2
	0.0080
	0.0133
	0.0075
	0.0131

	3
	0.0025
	0.0049
	0.0025
	0.0057

	4
	0.0001
	0.0013
	0.0001
	0.0013

	5
	
	0.0002
	
	0.0005

	6
	
	0.0002
	
	


2.2.7 120KHz_DMRS1_7bit

Table8: 120KHz_DMRS1_7bit
	SNR [dB]
	BLER

	
	CSI part1
	CSI part2

	
	WithPTRS
	WithoutPTRS
	WithPTRS
	WithoutPTRS

	-8
	0.5508
	0.6568
	0.1524
	0.2612

	-7
	0.4807
	0.5907
	0.1108
	0.2062

	-6
	0.4026
	0.5067
	0.0806
	0.1592

	-5
	0.3300
	0.4250
	0.0554
	0.1154

	-4
	0.2562
	0.3395
	0.0369
	0.0824

	-3
	0.1946
	0.2632
	0.0224
	0.0558

	-2
	0.1346
	0.1929
	0.0122
	0.0365

	-1
	0.0908
	0.1296
	0.0069
	0.0236

	0
	0.0581
	0.0839
	0.0035
	0.0126

	1
	0.0316
	0.0506
	0.0016
	0.0083

	2
	0.0158
	0.0282
	0.0006
	0.0031

	3
	0.0073
	0.0144
	0.0002
	0.0015

	4
	0.0029
	0.0065
	
	0.0011

	5
	0.0009
	0.0028
	
	0.0001

	6
	0.0003
	0.0005
	
	0


2.2.7 120KHz_DMRS1+1_7bit

Table8: 120KHz_DMRS1+1_7bit
	SNR [dB]
	BLER

	
	CSI part1
	CSI part2

	
	WithPTRS
	WithoutPTRS
	WithPTRS
	WithoutPTRS

	-8
	0.6182
	0.6143
	0.2193
	0.2169

	-7
	0.5439
	0.5376
	0.1712
	0.1702

	-6
	0.4720
	0.4633
	0.1306
	0.1312

	-5
	0.3905
	0.3767
	0.0963
	0.0923

	-4
	0.3061
	0.2974
	0.0676
	0.0661

	-3
	0.2298
	0.2267
	0.0450
	0.0426

	-2
	0.1618
	0.1595
	0.0291
	0.0272

	-1
	0.1115
	0.1030
	0.0172
	0.0151

	0
	0.0700
	0.0696
	0.0104
	0.0095

	1
	0.0372
	0.0390
	0.0054
	0.0045

	2
	0.0225
	0.0221
	0.0032
	0.0035

	3
	0.0123
	0.0098
	0.0015
	0.001

	4
	0.0051
	0.0046
	0.0006
	0.0007

	5
	0.0021
	0.0017
	0.0002
	0.0005

	6
	0.0010
	0.0008
	0
	0


2.2.7 120KHz_DMRS1+1_40bit

Table8: 120KHz_DMRS1+1_40bit
	SNR [dB]
	BLER

	
	CSI part1
	CSI part2

	
	WithPTRS
	WithoutPTRS
	WithPTRS
	WithoutPTRS

	-8
	0.8671
	0.8512
	0.8663
	0.8553

	-7
	0.7871
	0.7644
	0.7867
	0.7661

	-6
	0.6731
	0.6444
	0.6654
	0.6459

	-5
	0.5428
	0.5197
	0.5398
	0.5182

	-4
	0.4130
	0.3834
	0.4137
	0.3826

	-3
	0.2870
	0.2615
	0.2855
	0.2675

	-2
	0.1823
	0.1683
	0.1812
	0.1712

	-1
	0.1046
	0.0999
	0.1094
	0.0973

	0
	0.0579
	0.0504
	0.0601
	0.0513

	1
	0.0262
	0.0239
	0.0266
	0.0246

	2
	0.0112
	0.0093
	0.0107
	0.0099

	3
	0.0041
	0.0033
	0.0036
	0.0025

	4
	0.0016
	0.0009
	0.0013
	0.0013

	5
	0.0004
	0.0001
	0.0004
	0.0002

	6
	0
	0
	0.0002
	0


3   Conclusion
In this contribution we have provided our simulation results for NR UCI over PUSCH test cases.
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