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Introduction
In the RAN#82 meeting, open issues in the PUSCH demodulation requirements were discussed in the NR Access Technology WI status report [1]. The SR follows the input from previous way forwards [2], in stating the UCI over PUSCH requirements need to be introduced:
The related passages from [1] [2] are copied below:
	[bookmark: _Hlk22921]TS38.104 requirements  
· Performance requirements for UCI on PUSCH



	· UCI on PUSCH
· Specify test cases for UCI decoding performance over PUSCH in Rel-15 by Next June
· Test parameters to be discussed after the Nov meeting.


In this contribution we provide our views on the introduction of UCI over PUSCH performance requirements. 


UCI over PUSCH performance
Discussion
Despite earlier agreements to not include NR BS demodulation tests and performance requirements for UCI decoding over PUSCH in Rel-15 [3], it was decided to specify test cases [1] by June 2019 [2].
[bookmark: _Hlk269902]UCI multiplexing on PUSCH implicitly distinguishes three main cases [4, Sec. 6.2.7]; data multiplexed with HARQ-ACK (number of HARQ-ACK information bits is more than 2), or with CSI only, or with both. In the early days of NR, it will arguably be sufficient to send HARQ-ACK only via PUCCH, so we propose a test case that treats only multiplexing of UCIs containing CSI.
Unless no more than 2 bits of HARQ-ACK of UCI are multiplexed on PUSCH, NR does not puncture the data on PUSCH. Instead rate matching is used. Thus, a sufficiently large UCI payload should not impact the PUSCH data performance, as defined in previous PUSCH test cases [4, Sec. 8.2]. Though, a UCI payload should be chosen that makes sure that CSI part 1 and part 2 multiplexing is present in the new test case. 
Nokia proposes a CSI only payload of 7 bits (part1=5bits, part2=2bits), which corresponds to payloads expected in the mandatory single panel codebook type I based precoding schemes; given 2 CSI-RS ports, single layer, and reportQuantity=cri-RI-PMI-CQI, (see [6, Sec. 5.2.3 and 5.2.2.2.1]). The exact content of the payload itself will not impact the performance, so should not be specified. However, it should be constraint to valid values.
The underlying CSI reporting configuration must be aperiodic or semi-persistent (DCI activated PUSCH) to allow for CSI feedback over PUSCH [6, Sec. 5.2.1.4], but the reporting configuration is not required for definition of the test case and the minimum performance requirements themselves.
In the interest of realistic TPUT conscious scenarios, the case of CSI being present for transmission on the PUSCH with UL-SCH, should be considered.
Furthermore, from our perspective it would be sufficient to have one UCI over PUSCH test case per FR.
The testing metric is proposed to be chosen as 2% BLER of the UCI payload. Evaluation of this metric will necessitate for the payload to be known in the BS under test. This can either be achieved by setting a specific payload pattern or by having random valid payloads from the signal generator and a dedicated error free feedback mechanism, as used for PUSCH and PUCCH (see for example [7, App. D.5.1]).
The impact of data and control multiplexing on the definition of FRCs should be discussed in the BS demodulation group, since the UCI reduces the number of REs available for UL-SCH/payload.

RAN4 to consider adding one UCI test case for FR1 and one UCI test case for FR2.
RAN4 to consider selecting a CSI only payload of 7 bits (part1=5bits, part2=2bits) and UL-SCH for UCI test cases.
RAN4 to consider the testing metric to be 2% BLER of the UCI.
A testing matric based on an observed bit error rate of a short payload, necessitates knowledge of the payload.
RAN4 needs to include new FRCs to handle the data and control multiplexing of the proposed UCI over PUSCH test case.


Proposal for simulation assumptions
Taking the previous discussion into account, the following simulation assumptions could be used, which are tailored to stay close to the previous the previous PUSCH FRCs:
Table 1: Proposal for simulation assumptions for UCI test cases.
	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
	
	Off
	Off

	DMRS
	DMRS configuration type
	1
	1

	
	Maximum number of OFDM symbols for front loaded DMRS
	1
	1

	
	Number of additional DMRS symbols
	0
	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

	
	PUSCH starting symbol index
	0 
	2

	
	PUSCH symbol length
	14 
	10

	Frequency domain resource
	Carrier frequency (GHz)
	4
	30

	
	SCS and BW
	30kHz: 40 MHz
	120kHz: 100 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
	yes
	yes

	
	Payload (bits)
	7 (CSI only, part1=5, part2=2)
	7 (CSI only, part1=5, part2=2)

	
	uci-on-pusch-scaling
	f0p5
	f0p5

	
	

 and 
	13 (default)
	13 (default)

	Performance metric
	
	SNR@ 2% BLER
	SNR@ 2% BLER



Remarks:
· uci-on-pusch-scaling indicates a scaling factor to limit the number of resource elements assigned to UCI on PUSCH. This should not be an issue for the proposed small payload.
· 



 and , or rather  and  [8, Sec. 9.3], do influence the number of coded modulation symbols per layer for CSI part 1/2 transmission [4, Sec. 6.3], but do not influence the power control [8, Sec. 7.1], since we assumed UL-SCH.
The default values are captured in [9] in the BetaOffsets field descriptions.
· The FRCs do not stay the same as before, since the UL-SCH/payload is shortened by 7 bits, if , or the respective amount for other  values. In general, the l-th PUSCH symbol will lose  resource elements to carry the UCI [4, Sec. 6.2.7], which can be used to derive the new FRCs.


Conclusion
In this contribution we have discussed some of the remaining details for NR PUSCH demodulation. We have made the following proposals and observations:
1. RAN4 to consider adding one UCI test case for FR1 and one UCI test case for FR2.
1. RAN4 to consider selecting a CSI only payload of 7 bits (part1=5bits, part2=2bits) and UL-SCH for UCI test cases.
1. RAN4 to consider the testing metric to be 2% BLER of the UCI.

1. A testing matric based on an observed bit error rate of a short payload, necessitates knowledge of the payload.
1. RAN4 needs to include new FRCs to handle the data and control multiplexing of the proposed UCI over PUSCH test case.
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