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1. Introduction

In this contribution, the current issue with (1+0) DMRS FR1 test cases are discussed and remaining test case targeted for BS demodulation Rel-15 for NR PUSCH [1] is presented.
2. Discussion
2.1 (Potential) problematic test cases

2.1.1 Reconsideration of current (1+0) DMRS FR1 test cases

Over the past few meetings, it has shown that the test cases for (1+0) DMRS FR1 are in general unstable. 
· There are few test cases that are not able to achieve 70% of the maximum throughput within the reasonable op-SNR range. Those identified test cases have been excluded in the scope and agreed by all companies.
· However, there are few other test cases despite 70% of the maximum throughput could be achieved at reasonable op-SNR’s but fail to reach the maximum throughput. In general, those test cases are deemed unstable and could be difficult to meet the performance when other unknown variables are involved during conformance test. It is suggested to review those test cases as well.
Based on the current strategy of removing (1+0) DMRS FR1 test case by case, the corresponding test set becomes inconsistent and may be problematic when the current problematic test cases are to be reviewed and redesigned. 

· e.g. RAN4 might be risking a possibility of requiring modifying all the (1+0) DMRS test cases for FR1.
Proposal 1
Review the feasibility of (1+0) DMRS test cases could not achieve maximum throughput.
Proposal 2
Based on the relative significant amount of (1+0) DMRS FR1 being removed, excluding all the test cases for (1+0) DMRS FR1 from the current requirements until the problematic test cases are reviewed.
2.1.2 Link budget consideration

Currently, there are certain test cases that are requiring relative high op-SNR and is in risk meeting the limit of the current link budget. 
Proposal 3
 When designing future test cases, RAN4 shall only accept MCS for which the link budget works as a principal [2]. In case the MCS from the existing test cases results in high risk for testing due to link budget, such test cases should be removed or adjusted.
2.2 Remaining NR PUSCH test cases
UCI on PUSCH
HARQ-ACK/NACK, CSI part1 and CSI part 2 are the three different UCI types that could be multiplexed on PUSCH. The amount of resource that could be used for these UCI payloads has a dependency on the scaling factor (
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) and beta-offsets [3]. From TS 38.212, it shows that with beta-offset settings, it would demonstrate better the performance impacts due to different UCI payload sizes and types. It is proposed to minimize the impact of the scaling factor by setting 
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= 1. Furthermore, for basic requirements, it is suggested to set beta-offset settings using default values [3]
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The number of HARQ ACK/NACK information bits to be transmitted is impacted by whether code-block-group-based transmission and/or carrier-aggregation are enabled. As both functionalities are not yet covered in rel-15 test scope, it is suggested to limit the scope to only test 0, 1 or 2 HARQ ACK/NACK information bits for HARQ payloads in Rel-15.

Depending on whether UCI payload is transmitted with UL-SCH transmission is on or off, different strategies would be applied in allocating resource to CSI part 2. It is proposed to consider test cases with both UL-SCH transmission on and off.

· With large UCI payload, there could be some loss on UL-SCH performance. The loss is expected to be larger at lower MCS. To guarantee UL-SCH performance with UCI on PUSCH, it is proposed to cover test cases with lower MCS for cases with UCI on PUSCH with UL-SCH.
Furthermore, different CSI payload sizes would impact different decoders. It is recommended to cover test cases with both < 12 bits and > 12 bits test cases. Proposed test configurations:

· [HARQ-ACK/NACK, CSI-part-1, CSI-part-2] without UL-SCH: [2, 6, 5] bits,

· The number CSI bits are selected based on: codebookType  = 'TypeI-SinglePanel' with 4 CSI-RS ports (N1=2, N2=1), reportQuantity = ‘cri-RI-PMI-CQI’ wideband reporting, 8 CSI-RS resources, and RI = 1 [2].
· [HARQ-ACK/NACK, CSI-part-1, CSI-part-2] with UL-SCH transmission: 
[0, 20, 21] bits for FR1 with 30 kHz SCS and 40 MHz (106 PRBs) CBW or 

[0, 24, 25] bits for FR2 with 120 kHz SCS and 100 MHz (66 PRBs) CBW 
· The number CSI bits are selected based on: codebookType  = 'TypeI-SinglePanel' with 12 CSI-RS ports (N1  =3, N2=2), reportQuantity = ‘cri-RI-PMI-CQI’ subband reporting, subband size = 16 PRBs (for SCS = 30 kHz and CBW = 40 MHz) or 8 PRBs (for SCS = 120 kHz and CBW = 100 MHz) [3].
There is no difference between how UCI bits are multiplexed on PUSCH whether there is additional or no additional DMRS symbols. To limit the amount of test cases and to ensure test case stability, it is proposed to only consider (1+1) DMRS configurations when considering UCI on PUSCH FR1 test cases.
Test metric
The following conditional requirements are proposed if the corresponding data and/or UCI information is sent:
i. PUSCH BLER shall not exceed 10% when the transmission is UCI on PUSCH with UL-SCH.
ii. For HARQ-ACK/NACK, it is suggested to set both Pr(ACK missed detection) ≤ 0.01 and 
Pr(ACK false detection)  ≤ 0.01 requirements as that defined in LTE.
· No requirements for Pr(DTX->ACK) for UCI on PUSCH.

iii. When the CSI information is multiplexed on PUSCH, both CSI-part-1 BLER and CSI-part-2 BLER shall be evaluated to determine which CSI BLER test metric contribute to the bottleneck requirement. Furthermore, CSI-part-2 BLER has a dependency on CSI-part-1 error. It is recommended to set a more stringent requirement on CSI-part-1 performance to guarantee the performance of CSI-part-2:

· CSI-part-1 BLER ≤ 0.001

· CSI-part-2 BLER ≤ 0.01

Proposal 4
 FR1 and FR2 test cases for UCI on PUSCH
	  Parameters
	UCI on PUSCH 
without UL-SCH
	UCI on PUSCH 
with UL-SCH

	
	Values

	Transform precoding
	Disabled
	Disabled

	Number of Tx
	1
	1

	Number of Rx
	2
	2
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	[20, 6.25, 6.25]
	[20, 6.25, 6.25]

	[HARQ-ACK, CSI-part-1, CSI-part-2] payload
	[2, 6, 5] information bits
	[0, 20, 21] information bits for FR1
[0, 24, 25] information bits for FR2

	DMRS type
	type 1
	type 1

	Number of DMRS symbols
	(1+1) DMRS pattern for FR1
(1+0) DMRS pattern for FR2
	(1+1) DMRS pattern for FR1
(1+0) DMRS pattern for FR2

	Number of PUSCH symbols
	14 for FR1

10 for FR2
	14 for FR1

10 for FR2

	Start symbol index
	0
	0

	Time domain resource allocation type
	type A for FR1

type B for FR2
	type A for FR1

type B for FR2

	Frequency domain resource
	30 PRBs 
	full RB allocation of the applicable BW 

	MCS index 
	2 or 16
	2 or 16

	Carrier frequency (GHz)
	4 GHz for FR1
30 GHz for FR2
	4 GHz for FR1

30 GHz for FR2

	Propagation channel
	FR1:

MCS 2: TDL-B 100 ns 400 Hz, or
MCS 16: TDL-C 300 ns 100 Hz
FR2:

MCS2 / MCS16: TDL-A 30 ns 300 Hz
	FR1:

MCS 2: TDL-B 100 ns 400 Hz, or
MCS 16: TDL-C 300 ns 100 Hz
FR2:

MCS2 / MCS16: TDL-A 30 ns 300 Hz

	SCS and BW
	FR1: 30kHz, 40 MHz
FR2: 120 kHz, 100 MHz


	FR1: 30kHz, 40 MHz
FR2: 120 kHz, 100 MHz



	PTRS
	FR1: Not configured
FR2: Configured with default time and frequency density settings
	FR1: Not configured
FR2: Configured with default time and frequency density settings 

	Timing offset / Frequency offset
	0
	0

	Code block group / Frequency hopping / Limited buffer rate matching
	Disabled
	Disabled

	Maximum number of HARQ transmissions 
	1
	1

	Testing metric

	HARQ-ACK/NACK:

Pr(ACK missed detection) ≤ 0.01
Pr(ACK false detection) ≤ 0.01

CSI-part-1:

BLER ≤ 0.001

CSI-part-2:

BLER ≤ 0.01
	UL-SCH:

PUSCH BLER ≤ 0.1
CSI-part-1:

BLER ≤ 0.001

CSI-part-2:

BLER ≤ 0.01


________________________________________________________________________________________________
3. Conclusion

In this contribution, issues of the current NR PUSCH test cases are discussed and UCI on PUSCH performance parameters are outlined and proposed.

Proposal 1
Review the feasibility of (1+0) DMRS test cases could not achieve maximum throughput.
Proposal 2
Based on the relative significant amount of (1+0) DMRS FR1 being removed, excluding all the test cases for (1+0) DMRS FR1 from the current requirements until the problematic test cases are reviewed.

Proposal 3
 When designing future test cases, RAN4 shall only accept MCS for which the link budget works as a principal [2]. In case the MCS from the existing test cases results in high risk for testing due to link budget, such test cases should be removed or adjusted.
Proposal 4
UCI on PUSCH performance parameters are summarised below:

	  Parameters
	UCI on PUSCH 

without UL-SCH
	UCI on PUSCH 

with UL-SCH

	
	Values

	Transform precoding
	Disabled
	Disabled

	Number of Tx
	1
	1

	Number of Rx
	2
	2
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	[20, 6.25, 6.25]
	[20, 6.25, 6.25]

	[HARQ-ACK, CSI-part-1, CSI-part-2] payload
	[2, 6, 5] information bits
	[0, 20, 21] information bits for FR1
[0, 24, 25] information bits for FR2

	DMRS type
	type 1
	type 1

	Number of DMRS symbols
	(1+1) DMRS pattern for FR1
(1+0) DMRS pattern for FR2
	(1+1) DMRS pattern for FR1
(1+0) DMRS pattern for FR2

	Number of PUSCH symbols
	14 for FR1

10 for FR2
	14 for FR1

10 for FR2

	Start symbol index
	0
	0

	Time domain resource allocation type
	type A for FR1

type B for FR2
	type A for FR1

type B for FR2

	Frequency domain resource
	30 PRBs 
	full RB allocation of the applicable BW 

	MCS index 
	2 or 16
	2 or 16

	Carrier frequency (GHz)
	4 GHz for FR1

30 GHz for FR2
	4 GHz for FR1

30 GHz for FR2

	Propagation channel
	FR1:

MCS 2: TDL-B 100 ns 400 Hz, or
MCS 16: TDL-C 300 ns 100 Hz
FR2:

MCS2 / MCS16: TDL-A 30 ns 300 Hz
	FR1:

MCS 2: TDL-B 100 ns 400 Hz, or
MCS 16: TDL-C 300 ns 100 Hz
FR2:

MCS2 / MCS16: TDL-A 30 ns 300 Hz

	SCS and BW
	FR1: 30kHz, 40 MHz
FR2: 120 kHz, 100 MHz


	FR1: 30kHz, 40 MHz
FR2: 120 kHz, 100 MHz



	PTRS
	FR1: Not configured
FR2: Configured with default time and frequency density settings
	FR1: Not configured
FR2: Configured with default time and frequency density settings 

	Timing offset / Frequency offset
	0
	0

	Code block group / Frequency hopping / Limited buffer rate matching
	Disabled
	Disabled

	Maximum number of HARQ transmissions 
	1
	1

	Testing metric

	HARQ-ACK/NACK:

Pr(ACK missed detection) ≤ 0.01
Pr(ACK false detection) ≤ 0.01

CSI-part-1:

BLER ≤ 0.001

CSI-part-2:

BLER ≤ 0.01
	UL-SCH:

PUSCH BLER ≤ 0.1
CSI-part-1:

BLER ≤ 0.001

CSI-part-2:

BLER ≤ 0.01
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