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1
Introduction
RAN4#72 agreed with the way forward on PUSCH 3-2 test method [1]:
· PUSCH 3-2 over PUSCH 3-1 for TM6, Timing Offset < 65ns  

· With Full Band scheduling for PUSCH 3-2 and PUSCH 3-1

· 4x2 EVA 5, ULA low (with low TAE) and 4x2 ETU 5 ULA low 

· PUSCH 3-2 over PUSCH 1-2 for TM9, Timing Offset < 65 ns

· With best sub-band (PUSCH 3-2) over random sub-band scheduling (PUSCH 1-2)

· 4x2 EVA 5 XP High
We discuss the PUSCH 3-2 test methodology based on our simulation results. 

2
Simulation results
2.1
PUSCH 3-2 over PUSCH 3-1
Table 1 lists the parameters used for PUSCH 3-2 over PUSCH 3-1. For investigation purpose, we set the transmission timing difference to [0, 0, 0, 0], [0, 65ns, 0, 65ns], and additionally [0, 65ns, 130ns, 195ns]. 
Table 1
Parameter for PUSCH 3-2/PUSCH 3-1 test
	Parameter
	Unit
	

	Bandwidth
	MHz
	10

	Transmission mode
	 
	TM6

	Propagation channel
	 
	Option 1: EVA5
Option 2: ETU5

	PDSCH PRBs
	 
	50

	Precoding granularity
	PRB
	6 for PUSCH 1-2

50 for PUSCH 3-2

	Correlation and antenna configuration
	 
	4x2 ULA Low

	Reporting mode
	 
	PUSCH 3-2/PUSCH 3-1

	Reporting interval
	ms
	5

	PMI delay
	ms
	8

	Max number of HARQ transmissions
	 
	4

	Redundancy version coding sequence
	 
	{0,1,2,3}

	Transmission timing delay from each transmission antenna
	ns
	Case 1: [0, 0, 0, 0]

Case 2: [0, 65, 0, 65]

Case 3: [0, 65, 130, 195]

	Note: Full-band scheduling for PUSCH 3-2 and PUSCH 3-1
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PUSCH 3-2, TAE=[0,0,0,0]

PUSCH 3-2, TAE=[0,65ns,0,65ns]

PUSCH 3-2, TAE=[0,65ns,130ns,195ns]

PUSCH 3-1, TAE=[0,0,0,0]

PUSCH 3-1, TAE=[0,65ns,0,65ns]

PUSCH 3-1, TAE=[0,65ns,130ns,195ns]


Figure 1
Throughput with PUSCH 3-2 and PUSCH 3-1 with ETU5 4x2 ULA low. 
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PUSCH 3-2, TAE=[0,0,0,0]

PUSCH 3-2, TAE=[0,65ns,0,65ns]

PUSCH 3-2, TAE=[0,65ns,130ns,195ns]

PUSCH 3-1, TAE=[0,0,0,0]

PUSCH 3-1, TAE=[0,65ns,0,65ns]

PUSCH 3-1, TAE=[0,65ns,130ns,195ns]


Figure 2
Throughput with PUSCH 3-2 and PUSCH 3-1 with EVA5 4x2 ULA low.
Figure 1 and Figure 2 show the throughput simulation results with ETU5 and EVA5, respectively. Both figures show the performance degradation of PUSCH 3-2 is very small regardless of transmission timing difference. On the other hand, it is observed some performance degradation for PUSCH 3-1 due to transmission timing delay, however we can say it is not significant degradation. Therefore we prefer not to introduce transmission timing difference for PUSCH 3-2 test.
Table 2 is the throughput gain of PUSCH 3-2 over PUSCH 3-1 with different SNR points without transmission timing delay. It is observed the throughput gain is around 1.13. Note the throughput gain is 1.16 for EVA5 with the delay [0, 65, 0, 65] and 1.19 for EVA5 with the delay [0, 65, 130, 195]. Considering the simulation result, we propose to introduce the PUSCH 3-2 test with full-band scheduling. 
Table 2
Throughput gain of PUSCH 3-2 over PUSCH 3-1

	
	Propagation channel
	SNR [dB]
	Throughput gain of PUSCH 3-2 over PUSCH 3-1

	60% of maximum throughput with PUSCH 3-2
	EVA5
	9.5
	1.14

	70% of maximum throughput with PUSCH 3-2
	EVA5
	11.6
	1.13

	60% of maximum throughput with PUSCH 3-2
	ETU5
	10.3
	1.14

	70% of maximum throughput with PUSCH 3-2
	ETU5
	12.8
	1.12


Proposal 1: PUSCH 3-2 test is defined as 
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using full-band scheduling with precoders configured according to UE reports. 
2.2
PUSCH 3-2 over PUSCH 1-2

Table 3 lists the parameters used for PUSCH 3-2 over PUSCH 1-2. Figure 3 shows the throughput simulation result according to the parameters above. Table 4 is the throughput gain of PUSCH 3-2 over PUSCH 1-2 with two SNR points and it is observed the throughput gain is around 1.3. We can say that the throughput gain is enough large and therefore we propose to consider this scenario as the test case of PUSCH 3-2 over PUSCH 1-2. 
Table 3
Parameter for PUSCH 3-2/PUSCH 1-2 test
	Parameter
	Unit
	

	Bandwidth
	MHz
	10

	Transmission mode
	 
	TM9

	Propagation channel and correlation
	 
	EVA5

	PDSCH PRBs
	 
	50

	Precoding granularity
	PRB
	6

	Correlation and antenna configuration
	 
	4x2 XPOL High

	Reporting mode
	 
	PUSCH 3-2/PUSCH 1-2

	Reporting interval
	ms
	5

	PMI delay
	ms
	8

	Max number of HARQ transmissions
	 
	4

	Redundancy version coding sequence
	 
	{0,1,2,3}

	Transmission timing delay from each transmission antenna
	ns
	[0, 0, 0, 0]

	Note: Best sub-band scheduling for PUSCH 3-2, Random sub-band scheduling for PUSCH 1-2
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Figure 3
Simulation result of PUSCH 3-2 over PUSCH 1-2 with EVA5 4x2 XPOL Low. 
Table 4
Throughput gain of PUSCH 3-2 over PUSCH 1-2
	
	SNR [dB]
	Throughput gain of PUSCH 3-2 over PUSCH 1-2

	60% of maximum throughput with PUSCH 3-2
	7.2
	1.33

	70% of maximum throughput with PUSCH 3-2
	9.3
	1.29


Proposal 2: PUSCH 3-2 test is defined as 
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3
Conclusions

We propose to specify two PUSCH 3-2 test as follows:
Proposal 1: PUSCH 3-2 test is defined as 
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 using full-band scheduling with precoders configured according to UE reports. 
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Proposal 2: PUSCH 3-2 test is defined as 
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