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Introduction

In RAN4#90 the NR BS group agreed on the way forward for UCI over PUSCH demodulation requirements [1], which comprehensively defines the simulations assumptions and indicates the following open issues:
	· Test metric:
· Option1:  1%BLER of UCI with CSI 
· [bookmark: _Hlk4410917]Option2:  0.1% BLER of UCI with CSI part1, 1% BLER of UCI with CSI part2 
· Other options is not precluded.
· Company is encouraged to provide results for both option 1 and option 2 including BLER curve in next meeting, decision will be made based on the submitted results.

· Number of payload:
· 7 bits(part1=5bits, part2=2bits)
· One more payload size need to be added
· Option 1: [40] bits (part1 = 20 bits, part2 = 20 bits) 
· Other options are not precluded



In this contribution, we provide our views on these open issues and make few general observations and proposals concerning previously overlooked questions, such as payload content and RV value.

Simulation insights and discussion
In this section we present an analyse our complete BLER vs. SNR simulations. All simulations in this section are based on the assumptions tabularized in the next section. The results for the shared result collection template are presented in the next section.

HARQ settings
It was agreed in [1] not to allow for HARQ retransmissions. However, the RV of the initial transmission was not explicitly set in the simulation setup.
Capture in the UCI over PUSCH simulation setup that RV value 0 is to be used for the initial transmission.


Payload content
First, we tested if the actual payload content of CSI part 1 (CSI-1) has an impact on the observed BLER.
In Figure 1, we see the BLER for both CSI-1 and CSI-2, for the case of CSI-1=5bit and CSI-2=2bit (5, 2 configuration), given CSI-1 payloads of [01010], [00000], and [011111].
[image: ]
Figure 1: CSI part 1 payload comparison (5, 2)
There is no apparent impact of the chosen payload content.
We remark that the first bit of CSI-1 needs to be 0 (i.e., RI=1) for CSI-2 to be of length 2 in a practical implementation of our defined test system (only 1 transmission antenna, i.e., single layer maximum configuration). 
For test system implementation, it is preferable to have a fixed and known payload content, to avoid side-link feedback requirements between TE and BS under test, since no CRC is available. Based on these observations we make our first proposal:
Select the fixed payload content pattern of [01010] for CSI part 1 in the (5, 2) configuration. CSI part 2 should be fixed as well.

For the case of CSI-1=20bit and CSI-2=20bit (20, 20 configuration), there is no practically valid way to set the content of the payload. Hence the payload content should be set at random for each multiplexing realization. This technique was used in Figure 2.
[image: ]
Figure 2: CSI part 1 and 2 random payload (20, 20)
Select the random payload content CSI part 1 and 2 in the (20, 20) configuration, for each multiplexing realization and rely on CRC for detecting decoding errors.


0. Performance metric
When analysing the BLER vs. SNR curves, one notices that the BLERs for CSI-1 and CSI-2 differ for the non-symmetric case of (5, 2) (see Figure 3) and are the same for the symmetric case of (20,20) (see Figure 4).
The symmetric case is explained by the simulation setup (βOffset equal for part 1 and part 2) and the equal number of information bits, which are protected by the same polar code.
For the non-symmetric case, we need to consider that we have and unequal number of information bits, and channel coding with different efficiencies (5 bits are protected via Reed-Muller codes, while 2 bits are protected by repetition coding and usage of the outermost constellation points).
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Figure 3: BLER vs. SNR curves for (5, 2)
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Figure 4: BLER vs. SNR curves for (20, 20)

The BLER calculated on the complete payload is seen to be a non-linear function of both the CSI-1 BLER and CSI-2 BLER. However, the overall absolute difference between BLERfull_payload and max(BLER1, BLER2) is rather small.
RAN4 to consider the performance metric 1% BLER of UCI with CSI part1, 1% BLER of UCI with CSI part2.

[bookmark: _Hlk4772954]During the email discussions that took place in the period leading up to RAN4#90b, it became evident that the calculation of BLERfull_payload, BLER1, and BLER2, needs to be define more rigorously. Following the convergence of the email discussion we propose the following:
The calculation of BLERfull_payload should count any packet as erroneous that has one or more bits of the packet payload decoded erroneously. The packet payload is the concatenation of CSI-1 and CSI-2.
The calculation of BLER1 should count any packet as erroneous that has one or more bits of the packet payload decoded erroneously. The packet payload is CSI-1.
BLER2 should be treated independently.
The calculation of BLER2 should count any packet as erroneous that has one or more bits of the packet payload decoded erroneously. The packet payload is CSI-2.
BLERfull_payload cannot be mathematically calculated from BLER1 and BLER2, since the overlapping case of CSI-1 and CSI-2 being wrong in the same TTI is not captured.



Simulation results delivery
The following results were obtained using the initial simulation assumptions, as captured in [1].

Table 1: Simulation assumption for UCI over PUSCH results
	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
	Number of HARQ transmissions
	1
	1

	
	RV value
	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 
	14

	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^CSI-1 and I^CSI-2
	[6.25] for CSI 
	[6.25] for CSI

	Test metric
	 
	[SNR@ 1% BLER]
[0.1% BLER of UCI with CSI part1, 1% BLER of UCI with CSI part2 ]
	[SNR@ 1% BLER]
[0.1% BLER of UCI with CSI part1, 1% BLER of UCI with CSI part2 ]




	UCI on PUSCH 1T2R
	UCI
	CSI part1
	CSI part2
	Test metric
	SNR [dB]

	
	
	
	
	
	Ideal
	Impair-ment

	 
	FR1 Mappying type A
	30kHz, 10MHz
	MCS16
	TDLC300-100
	7
	5
	2
	1% of BLER CSI 
	0,3
	2,8

	
	
	
	
	
	
	
	
	0.1% of BLER CSI part1
	2,7
	5,2

	
	
	
	
	
	
	
	
	1% of BLER CSI part2
	-0,85
	1,65

	
	
	
	
	
	40
	20
	20
	1% of BLER CSI 
	 
	 

	
	
	
	
	
	
	
	
	0.1% of BLER CSI part1
	2,5
	5

	
	
	
	
	
	
	
	
	1% of BLER CSI part2
	0,45
	2,95

	
	FR1 Mappying type B
	30kHz, 10MHz
	MCS16
	TDLC300-100
	7
	5
	2
	1% of BLER CSI 
	0,9
	3,4

	
	
	
	
	
	
	
	
	0.1% of BLER CSI part1
	3,4
	5,9

	
	
	
	
	
	
	
	
	1% of BLER CSI part2
	-0,15
	2,35

	
	
	
	
	
	40
	20
	20
	1% of BLER CSI 
	 
	 

	
	
	
	
	
	
	
	
	0.1% of BLER CSI part1
	2,3
	4,8

	
	
	
	
	
	
	
	
	1% of BLER CSI part2
	0,45
	2,95

	
	FR2 with PTRS under type B
	120kHz, 50MHz
	MCS 16
	TDLA30-300 
	7
	5
	2
	1% of BLER CSI 
	5,55
	8,65

	
	
	
	
	
	
	
	
	0.1% of BLER CSI part1
	8,05
	11,15

	
	
	
	
	
	
	
	
	1% of BLER CSI part2
	4,3
	7,4

	
	
	
	
	TDLA30-300 
	40
	20
	20
	1% of BLER CSI 
	 
	 

	
	
	
	
	
	
	
	
	0.1% of BLER CSI part1
	6,55
	9,65

	
	
	
	
	
	
	
	
	1% of BLER CSI part2
	0,42
	3,52





Conclusion
In this contribution we have discussed the open issues configuration issues of UCI multiplexing and made few general observations and proposals concerning previously overlooked questions, such as payload content and RV value.
In particular, we have made the following proposals and observations:

1. Capture in the UCI over PUSCH simulation setup that RV value 0 is to be used for the initial transmission.
1. Select the fixed payload content pattern of [01010] for CSI part 1 in the (5, 2) configuration. CSI part 2 should be fixed as well.
1. Select the random payload content CSI part 1 and 2 in the (20, 20) configuration, for each multiplexing realization and rely on CRC for detecting decoding errors.
1. RAN4 to consider the performance metric 1% BLER of UCI with CSI part1, 1% BLER of UCI with CSI part2.
1. The calculation of BLERfull_payload should count any packet as erroneous that has one or more bits of the packet payload decoded erroneously. The packet payload is the concatenation of CSI-1 and CSI-2.
1. The calculation of BLER1 should count any packet as erroneous that has one or more bits of the packet payload decoded erroneously. The packet payload is CSI-1.
BLER2 should be treated independently.
The calculation of BLER2 should count any packet as erroneous that has one or more bits of the packet payload decoded erroneously. The packet payload is CSI-2.
1. BLERfull_payload cannot be mathematically calculated from BLER1 and BLER2, since the overlapping case of CSI-1 and CSI-2 being wrong in the same TTI is not captured.
[bookmark: _GoBack]
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