	
[bookmark: _GoBack][bookmark: OLE_LINK144][bookmark: OLE_LINK145]3GPP TSG-RAN WG4 Meeting #92bis                                                          R4-1910985
Chongqing, China, 14th–18th Oct., 2019

Source: 	CATT
Title: 	Discussion on PUSCH performance requirement with 30% throughput metric
Agenda item:	8.18.2.1
[bookmark: DocumentFor]Document for:	Agreement
1. [bookmark: OLE_LINK5]Introduction
In RAN #84meeting, a new WID [1] on NR performance requirement enhancement was agreed with the following objectives of PUSCH requirements for 30% TP test point. 
	BS demodulation requirements:
· To study the tests coverage of PUSCH requirements for 30% TP test point, limited test cases will be introduced if the existing test coverage is insufficient. 


This paper will provide our view on PUSCH performance requirement with 30% throughput testing metric.
2. Discussion
The contribution [2] indicates HARQ processes can bring much higher throughput gain at low SNR compared to that at high SNR. Given that the SNR for PUSCH with 70% throughput metric is much higher than that for PUSCH with 30% throughput metric, the HARQ processing capability of the BS probably cannot be effectively verified without a lower SNR in the case of 70% throughput metric. That is to say, the existing test case for PUSCH with 70% throughput metric is insufficient for testing the HARQ processing capability of the BS.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 1: It is necessary to introduce PUSCH with 30%throughput metric tosignificantly reflect the HARQ processing capability.
The 30% throughput metricis specified in Rel-8 LTE, which can be used as a reference for NR PUSCH with 30% throughputmetric. In terms of the minimum requirements for LTE PUSCHwith 30% throughput metric in TS 36.104, thenumber of Txwas required to be 1, and the number of Rx was required to be 2,4, and 8. When it comes to NR PUSCH with 30% throughput metric,To limit the test case, the number of TX and RX can be chosen as 1 and 2 respectively. Whilethe number of layer for NR PUSCHwith 30% throughput metric should be 1.
On the other hand, the HARQ process gain is largely associated with the MCS index. Only a low MCS index can effectively reflect the HARQ process gain (or soft combining gain). According to the minimum requirements for LTE PUSCH with 30% throughput metric specified in TS 36.104, the FRC A3-x and A4-x were required. The modulation order for FRC A3-x is QPSK, while that for FRC A4-x is 16QAM. The same modulation order (QPSK and 16QAM) is recommended to be used for NR PUSCH with 30% throughput metric. In terms of the existing MCS index (2, 16, 20) for NR PUSCH with 70% throughput metric, the MCS index 2, 16 and 20 denote QPSK, 16QAM and 64QAM respectively.It is thus proposed that the MCS index 2 and 16 can be used for NR PUSCH with 30% throughput metric. More specifically, the existing propagation conditions for MCS index 2 and 16 for NR PUSCH with 70% throughput metric can be used for NR PUSCH with 30% throughput metric.
Both CP-OFDM and DFT-s-OFDM for PUSCH are supported by NR standards. DFT-s-OFDM waveform with low MCS index can improve the cell coverage compared to CP-OFDM waveform. Therefore, DFT-s-OFDM for NR PUSCH with 30% throughput metric cannot be ingored. Meanwhile, CP-OFDM waveform is essential to be tested with 30% throughput metric because it is the new waveform designed for NR PUSCH. To conclude, it is proposed to adopt both CP-OFDM and DFT-s-OFDM for NR PUSCH with 30% throughput metric.
To limit test cases, selecting CBW per SCS is sufficient to reflect the HARQ processing capability. The same CBW and SCS combination can be used for CP-OFDM and DFT-s-OFDM. In the test cases for NR DFT-s-OFDM with 70% throughput metric, the 15kHz SCS for 5 MHz CBW(25PRB) and 30kHz SCS for 10MHz CBW(24 PRB) for FR1, and 60kHz SCS for 50MHz CBW (30 PRB) and 120kHz SCS for 50MHz CBW (30 PRB) for FR2 are required. It is thus proposed that the same SCS and CBW combinations can be used for NR PUSCH with 30% throughput metric for CP-OFDM and DFT-s-OFDM.The other test parameters for NR PUSCHwith 30% throughput metric can reuse the test parameters for NR PUSCHwith 70% throughput metric[3].Based on the above discussions, the test parameters for NR PUSCHwith 30% throughput metric are summarized in Table A5-1 in Annex.
Proposal 2: RAN4 can adopt the test parameters for NR PUSCHwith 30% throughput metricin Table A5-1 and Table A5-2 in Annex.
The evaluation results for NR PUSCH with 30% throughput metric based on proposed test parameters in Table A5-1 and Table A5-2 are shown in Table 2-1, Table 2-2, Table 2-3 and Table 2-4.
Table 2-1 Evaluation results for NR PUSCH with 30% throughput metric with CP-OFDM at 4GHz
	waveform
	Carrier Freqency(GHz)
	Tx/Rx
	Time domain resource allocation type
	SCS and BW
	MCS level
	Propagation condition
	DMRS
	metric
	CATT

	CP-OFDM
	4
	1T2R
	 type A
	15kHz, 5MHz
	MCS2
	TDLB100-400
	DMRS 1+1
	70% TP
	-4.59

	CP-OFDM
	4
	1T2R
	type A
	15kHz, 5MHz
	MCS2
	TDLB100-400
	DMRS 1+1
	30% TP
	-9.01

	CP-OFDM
	4
	1T2R
	type A
	15kHz, 5MHz
	MCS16
	TDLC300-100
	DMRS 1+1
	70% TP
	7.99

	CP-OFDM
	4
	1T2R
	type A
	15kHz, 5MHz
	MCS16
	TDLC300-100
	DMRS 1+1
	30% TP
	0.53

	CP-OFDM
	4
	1T2R
	 type A
	30kHz, 10MHz
	MCS2
	TDLB100-400
	DMRS 1+1
	70% TP
	-4.77

	CP-OFDM
	4
	1T2R
	type A
	30kHz, 10MHz
	MCS2
	TDLB100-400
	DMRS 1+1
	30% TP
	-9.25

	CP-OFDM
	4
	1T2R
	 type A
	30kHz, 10MHz
	MCS16
	TDLC300-100
	DMRS 1+1
	70% TP
	7.27

	CP-OFDM
	4
	1T2R
	type A
	30kHz, 10MHz
	MCS16
	TDLC300-100
	DMRS 1+1
	30% TP
	0.44

	CP-OFDM
	4
	1T2R
	type B
	15kHz, 5MHz
	MCS2
	TDLB100-400
	DMRS 1+1
	70% TP
	[TBD]

	CP-OFDM
	4
	1T2R
	 type B
	15kHz, 5MHz
	MCS2
	TDLB100-400
	DMRS 1+1
	30% TP
	[TBD]

	CP-OFDM
	4
	1T2R
	type B
	15kHz, 5MHz
	MCS16
	TDLC300-100
	DMRS 1+1
	70% TP
	7.93

	CP-OFDM
	4
	1T2R
	 type B
	15kHz, 5MHz
	MCS16
	TDLC300-100
	DMRS 1+1
	30% TP
	0.49

	CP-OFDM
	4
	1T2R
	type B
	30kHz, 10MHz
	MCS2
	TDLB100-400
	DMRS 1+1
	70% TP
	-4.82

	CP-OFDM
	4
	1T2R
	 type B
	30kHz, 10MHz
	MCS2
	TDLB100-400
	DMRS 1+1
	30% TP
	-9.33

	CP-OFDM
	4
	1T2R
	type B
	30kHz, 10MHz
	MCS16
	TDLC300-100
	DMRS 1+1
	70% TP
	7.21

	CP-OFDM
	4
	1T2R
	type B
	30kHz, 10MHz
	MCS16
	TDLC300-100
	DMRS 1+1
	30% TP
	0.37



Table 2-2 Evaluation results for NR PUSCH with 30% throughput metric with DFT-s-OFDM at 4GHz
	   waveform
	Carrier Freqency(GHz)
	Tx/Rx
	Time domain resource allocation type
	SCS and BW
	MCS level
	Propagation condition
	DMRS
	metric
	CATT

	DFT-s-OFDM
	4
	1T2R
	type A
	15kHz, 5MHz (25PRB)
	MCS2
	TDLB100-400
	DMRS 1+1
	70% TP
	-4.41

	DFT-s-OFDM
	4
	1T2R
	type A
	15kHz, 5MHz (25PRB)
	MCS2
	TDLB100-400
	DMRS 1+1
	30% TP
	-8.99

	DFT-s-OFDM
	4
	1T2R
	type A
	30kHz, 10MHz (24 PRB) 
	MCS2
	TDLB100-400
	DMRS 1+1
	70% TP
	-4.53

	DFT-s-OFDM
	4
	1T2R
	type A
	30kHz, 10MHz (24 PRB) 
	MCS2
	TDLB100-400
	DMRS 1+1
	30% TP
	-9.18

	DFT-s-OFDM
	4
	1T2R
	type B
	15kHz, 5MHz (25PRB)
	MCS2
	TDLB100-400
	DMRS 1+1
	70% TP
	-4.38

	DFT-s-OFDM
	4
	1T2R
	type B
	15kHz, 5MHz (25PRB)
	MCS2
	TDLB100-400
	DMRS 1+1
	30% TP
	-8.99

	DFT-s-OFDM
	4
	1T2R
	type B
	30kHz, 10MHz (24 PRB) 
	MCS2
	TDLB100-400
	DMRS 1+1
	70% TP
	-4.6

	DFT-s-OFDM
	4
	1T2R
	type B
	30kHz, 10MHz (24 PRB) 
	MCS2
	TDLB100-400
	DMRS 1+1
	30% TP
	-9.28



Table 2-3 Evaluation results for NR PUSCH with 30% throughput metric with CP-OFDM at 30GHz
	waveform
	Carrier Freqency(GHz)
	Tx/Rx
	Time domain resource allocation type
	SCS and BW
	MCS level
	Propagation condition
	DMRS
	metric
	CATT

	CP-OFDM
	30
	1T2R
	type B
	60kHz, 50MHz
	MCS2
	TDLA30-300 
	DMRS 1
	70% TP
	-4.49

	CP-OFDM
	30
	1T2R
	type B
	60kHz, 50MHz
	MCS2
	TDLA30-300
	DMRS 1
	30% TP
	-8.93

	CP-OFDM
	30
	1T2R
	type B
	60kHz, 50MHz
	MCS16
	TDLA30-300
	DMRS 1
	70% TP
	9

	CP-OFDM
	30
	1T2R
	type B
	60kHz, 50MHz
	MCS16
	TDLA30-300
	DMRS 1
	30% TP
	0.98

	CP-OFDM
	30
	1T2R
	type B
	120kHz, 50MHz
	MCS2
	TDLA30-300
	DMRS 1
	70% TP
	-4.33

	CP-OFDM
	30
	1T2R
	type B
	120kHz, 50MHz
	MCS2
	TDLA30-300
	DMRS 1
	30% TP
	-8.19

	CP-OFDM
	30
	1T2R
	type B
	120kHz, 50MHz
	MCS16
	TDLA30-300
	DMRS 1
	70% TP
	7.81

	CP-OFDM
	30
	1T2R
	type B
	120kHz, 50MHz
	MCS16
	TDLA30-300
	DMRS 1
	30% TP
	1.16



Table 2-4 Evaluation results for NR PUSCH with 30% throughput metric with DFT-s-OFDM at 30GHz
	  waveform
	Carrier Freqency(GHz)
	Tx/Rx
	Time domain resource allocation type
	SCS and BW
	MCS level
	Propagation condition
	DMRS
	metric
	CATT

	DFT-s-OFDM 
	30
	1T2R
	type B
	60kHz, 50MHz (30 PRB)
	MCS2
	TDLA30-300 
	DMRS 1
	70% TP
	-3.93

	DFT-s-OFDM 
	30
	1T2R
	type B
	60kHz, 50MHz (30 PRB)
	MCS2
	TDLA30-300
	DMRS 1
	30% TP
	-8.68

	DFT-s-OFDM 
	30
	1T2R
	type B
	120kHz, 50MHz  (30 PRB)
	MCS2
	TDLA30-300
	DMRS 1
	70% TP
	[TBD]

	DFT-s-OFDM 
	30
	1T2R
	type B
	120kHz, 50MHz  (30 PRB)
	MCS2
	TDLA30-300
	DMRS 1
	30% TP
	[TBD]



3. Conclusion
In this contribution, we discuss the test parameters for NR PUSCH with 30% throughput metric and give our proposals as follows.
Proposal 1: It is necessary to introduce PUSCH with 30% throughput metric to significantly reflect the HARQ processing capability.
Proposal 2: RAN4 can adopt the test parameters for NR PUSCHwith 30% throughput metricin Table A5-1 and Table A5-2 in Annex.
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5. Annex
Table A5-1 Test Parameters for CP-OFDM with 30% throughput metric
	Parameter
	value

	
	FR1
	FR2

	Transform precoding
	Disabled
	Disabled

	Number of Tx
	1
	1

	Number of Rx
	2
	2

	Number of layers
	1
	1

	Transmission scheme
	Identity matrix (TPMI index 0)
	Identity matrix (TPMI index 0)

	DMRS type
	type 1
	type 1

	Number of DMRS symbols
	 1+1
	1

	symbols length
	14
	10

	start symbol index
	0
	0

	Time domain resource allocation type
	type A and B
	type B

	Frequency domain resource
	Full applicable test bandwidth
	Full applicable test bandwidth

	MCS index
	2, 16
	2, 16

	Carrier frequency (GHz)
	4
	30

	Propagation condition
	MCS 2: TDL-B 100ns, 400 Hz
MCS 16: TDL-C 300ns, 100 Hz
	MCS 2: TDL-A 30ns, 300Hz
MCS 16: TDL-A 30ns, 300Hz

	SCS and BW
	 15kHz: 5MHz;
30kHz: 10MHz;
	60kHz: 50MHz;
120kHz: 50MHz;

	PTRS
	Not configured
	QPSK: Not configured
16 and 64 QAM: (Configured with KPTRS =2, LPTRS =1)

	Timing offset
	0
	0

	Frequency offset
	0
	0

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

	Number of HARQ transmissions 
	4
	4

	Testing metric
	SNR @30% of maximum throughput
	SNR @30% of maximum throughput



Table A5-2 Test Parameters for DFT-s-OFDM with 30% throughput metric 
	Parameter
	value

	
	FR1
	FR2

	Transform precoding
	enabled
	enabled

	Number of Tx
	1
	1

	Number of Rx
	2
	2

	Number of layers
	1
	1

	DMRS type
	type 1
	type 1

	Number of DMRS symbols
	1+1
	1

	symbols length
	14
	10

	start symbol index
	0
	0

	Time domain resource allocation type
	type A and B
	type B

	Frequency domain resource
	15kHz: 25 PRB; 
30kHz: 24 PRB (middle of test BW)
	60kHz: 30 PRB; 120kHz:  30 PRB (middle of test BW)

	MCS index
	2
	2

	Carrier frequency (GHz)
	4
	30

	Propagation condition
	MCS 2: TDL-B 100ns, 400 Hz
	MCS 2: TDL-A 30ns, 300Hz

	SCS and BW
	15kHz: 5 MHz;
30kHz: 10 MHz
	60kHz: 50MHz; 120kHz: 50MHz

	PTRS
	Not configured
	Not configured

	Timing offset
	0
	0

	Frequency offset
	0
	0

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

	Number of HARQ transmissions 
	4
	4

	Testing metric
	SNR @30% of maximum throughput
	SNR @30% of maximum throughput



