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1. Introduction
[bookmark: _Hlk528680199]In RAN4#98-e meeting, companies got agreements on all PUSCH simulation assumptions and introduction of CG-UCI multiplexing on PUSCH requirements [1]. 
· Performance requirements for CG-UCI multiplexed on PUSCH with interlace allocation
· Introduce performance requirements for CG-UCI multiplexed on PUSCH with interlaced resource allocation and without HARQ-ACK, CSI part 1 and CSI part 2: 
·    Further discuss the simulation assumptions
·    The tests should be based on BS declaration 
In this paper, the detailed simulation assumptions for CG-UCI multiplexing on PUSCH will be discussed. 

2. Discussion 
[bookmark: _Hlk43884116]According to TS38.212, the content of CG-UCI is as following table. 
Table 6.3.2.1.3-1: Mapping order of CG-UCI fields
	Field
	Bitwidth

	HARQ process number
	4

	Redundancy version
	2

	New data indicator
	1

	Channel Occupancy Time (COT) sharing information
	 if both higher layer parameter ULtoDL-CO-SharingED-Threshold-r16 and higher layer parameter cg-COT-SharingList-r16 are configured, where C is the number of combinations configured in cg-COT-SharingList-r16; 

1 if higher layer parameter ULtoDL-CO-SharingED-Threshold-r16 is not configured and higher layer parameter cg-COT-SharingOffset-r16 is configured;

0 otherwise; 

If a UE indicates COT sharing other than "no sharing" in a CG PUSCH within the UE's initiated COT, the UE should provide consistent COT sharing information in all the subsequent CG PUSCHs, if any, occurring within the same UE's initiated COT such that the same DL starting point and duration are maintained.


 
We can follow most of assumptions in R15 CSI multiplexing on PUSCH requirements in general, but we still need to settle some specific assumptions as follows:
· CG-UCI Information bits
The general thinking is to define 2 tests to cover both RM and Polar coding. In TS38.331, the size of cg-COT-SharingList-r16 can be from 1 to 1709, then the bit length could be 0 to ceiling(log2(1709)) =11. Then the total information bit length is from 7 to 18 bits. If we want to introduce requirements for both RM and Polar, we can use 7bits information for RM coding and 18bits for Polar coding. If we only want to introduce one test case, 18bits information with Polar coding might be a better choice to check the largest bit length. 
Proposal: The information bit could be 7bits for RM coding and 18bits for Polar coding. If only one test case is preferred, the largest bit length18bits would be better.  
· CG-UCI information pattern
In Rel-15 CSI multiplexing on PUSCH requirements for 40bit information cases, the information pattern is described as “The 40 bits UCI information case is assumed random information bit selection.” In real test, signal generator is used but there is no such “random” setting for UCI information on panel. To make the specification clear, a fixed pattern should be defined for tests. 
[bookmark: _Hlk68286725]Observation: Define a fixed information bits pattern in specification is more practical for real tests than just a statement as “random information bits pattern”. 

For CG-UCI with 18bits information, we define its pattern as below in our simulation 
	information
	Random
	Pattern 1
	Pattern 2

	HARQ process number (4bits)
	\
	5 ([0 1 0 1])
	1 ([0 0 0 1])

	RV (2bits)
	\
	1 ([0 1])
	0 ([0 0])

	NDI (1bits)
	\
	0 ([0])
	0 ([0])

	COT 
	\
	1365 ([1 0 1 0 1 0 1 0 1 0 1])
	1092 ([1 0 0 0 1 0 0 0 1 0 0])

	7bits pattern
	\
	[0 1 0 1 0 1 0]
	[0 0 0 1 0 0 0]

	18bits pattern
	\
	[0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1]
	[0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 1 0 0]



Based on our simulation, the random pattern, fixed pattern 1 and pattern 2 have 0.5~ 1.5dB difference. The difference comes from statistics difference of the constellation location after modulation mapping. The different pattern won’t impact demodulation algorithm itself. To have a small difference respective to random pattern, pattern 2 can be accepted.
Observation: The performance difference between different bit patterns are small. 

· betaOffsetCG-UCI-r16
The betaOffset could be chosen based on the principle that choosing the smallest betsOffset can keep PDSCH BLER <=10%. We have some simulations for different betaOffsets with MCS20 for 7bits and 18bits information. 
	
	BetaOffset
index
	2
	3
	4
	5
	6
	7
	8
	9

	7bits
	SNR@PUSCH BLER<=0.1
	13.2
	13.2
	13.2
	13.2
	13.2
	13.3
	13.3
	13.3

	
	SNR@CG-UCI BLER<=0.01
	8
	7.3
	5.8
	4.7
	3.7
	2.6
	1.9
	0.8

	18bits
	SNR@PUSCH BLER<=0.1
	13.3
	13.3
	13.3
	13.4
	13.5
	13.6
	13.7
	13.9

	
	SNR@CG-UCI BLER<=0.01
	7.4
	6.3
	5.1
	4.1
	3.1
	2.3
	2.3
	0.8



The results show that betaOffset index >=2 could fulfil this principle. To have enough margin, such as ~6dB, for all cases, betaOffset index 3 could be accepted.

· Bandwidth: Using 20MHz to align with PUSCH.
· SCS: 
To align with PUSCH, define requirements for 15kHz and 30kHz SCS and use applicability rule to reduce test effort if BS support both 15kHz and 30kHz SCS. 
· Frequency domain resource assignment
It can be aligned with PUSCH assumption to use the first interlace of RB sets.
15kHz SCS: {0, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100}
30kHz SCS: {0, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50}
· Channel model: 
Use TDLA30-10 to align with other physical channel assumption.
· Antenna configuration: 1Tx2Rx
· MCS
In Rel-15, MCS16 is used for CSI multiplexing on PUSCH requirement, but the fading channel is TDLC300-100. To align with interlacing PUSCH requirement, MCS20 could be used for TDLA30-10 channel. 
· DM-RS configuration: Additional position 1. 
· Test metric: SNR@CG-UCI BLER<=10-2
Based on our simulation results, the assumptions above are feasible. In summary, we propose following assumptions.
[bookmark: _Hlk65161130]Proposal: Use following simulation assumptions for CG-UCI multiplexing on PUSCH.
	Parameter
	Value

	Transform precoding
	Disabled

	Default TDD UL-DL pattern (Note 1)
	15 kHz SCS:
3D1S1U, S=10D:2G:2U
30 kHz SCS:
7D1S2U, S=6D:4G:4U

	Channel model
	TDLA30-10 low

	Antenna configuration 
	1Tx2Rx low

	MCS
	20

	HARQ
	Maximum number of HARQ transmissions
	1

	
	RV sequence
	0

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	Single-symbol DM-RS

	
	Additional DM-RS position
	pos1

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port(s)
	{0}

	
	DM-RS sequence generation
	NID0 = 0, nSCID = 0

	Time domain resource assignment
	PUSCH mapping type
	A, B

	
	Start symbol
	0

	
	Allocation length
	14

	Frequency domain resource assignment
	RB assignment
	15kHz SCS: {0, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100}
30kHz SCS: {0, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50}

	
	Frequency hopping
	Disabled

	Code block group based PUSCH transmission
	Disabled

	
	Number of CG-UCI information bit payload
	7bits [0 0 0 1 0 0 0] 
or
18bits [0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 1 0 0]

	UCI
	scaling 
	1

	
	betaOffsetCG-UCI-r16
	3

	
	UCI partition for frequency hopping 
	Disabled

	NOTE 1:	The same requirements are applicable to FDD and TDD with different UL-DL patterns.




3. Conclusion
Proposal: The information bit could be 7bits for RM coding and 18bits for Polar coding. If only one test case is preferred, the largest bit length18bits would be better.  
Observation: Define a fixed information bits pattern in specification is more practical for real tests than just a statement as “random information bits pattern”. 
Observation: The performance difference between different bit patterns are small. 
Proposal: Use following simulation assumptions for CG-UCI multiplexing on PUSCH.
	Parameter
	Value

	Transform precoding
	Disabled

	Default TDD UL-DL pattern (Note 1)
	15 kHz SCS:
3D1S1U, S=10D:2G:2U
30 kHz SCS:
7D1S2U, S=6D:4G:4U

	Channel model
	TDLA30-10 low

	Antenna configuration 
	1Tx2Rx low

	MCS
	20

	HARQ
	Maximum number of HARQ transmissions
	1

	
	RV sequence
	0

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	Single-symbol DM-RS

	
	Additional DM-RS position
	pos1

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port(s)
	{0}

	
	DM-RS sequence generation
	NID0 = 0, nSCID = 0

	Time domain resource assignment
	PUSCH mapping type
	A, B

	
	Start symbol
	0

	
	Allocation length
	14

	Frequency domain resource assignment
	RB assignment
	15kHz SCS: {0, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100}
30kHz SCS: {0, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50}

	
	Frequency hopping
	Disabled

	Code block group based PUSCH transmission
	Disabled

	
	Number of CG-UCI information bit payload
	7bits [0 0 0 1 0 0 0]
or
18bits [0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 1 0 0]

	UCI
	scaling 
	1

	
	betaOffsetCG-UCI-r16
	3

	
	UCI partition for frequency hopping 
	Disabled

	NOTE 1:	The same requirements are applicable to FDD and TDD with different UL-DL patterns.
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