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Introduction 
In the RAN4#70b meeting, companies submitted contributions showing their views about how to test the new reporting mode PUSCH 3-2. Some agreements were achieved as highlighted in the Adhoc minutes [1], including the codebook, transmission mode and test metric. However, there are still issues about the test settings that were left undetermined, such as the subband scheduling policy, antenna correlation and the time delay between TX antennas. In this contribution, we provide our simulation results based on the agreements and give our view on the undetermined issues.
2
Discussions
It was agreed in [1] that the test metric will be the throughput ratio of PUSCH 3-2 over PUSCH 3-1. Furthermore, a TM9 test and a TM6 test will be configured with Rel-12 and Rel-8 codebook, respectively. It had been shown in [2][3] that if 1) best-subband (SB) scheduling is used and 2) the time delay between TX antenna is NOT introduced, PUSCH 3-2 cannot provide sufficient gain over PUSCH 3-1. To solve this problem, proposals were provided in [3]-[5] in last RAN4 meeting. They can basically be categorized into the following two options:

· Option 1:
· SB scheduling: random SB

· Antenna/channel configuration: ULA-low, EVA5
· Time delay between TX antennas: No

· Option 2:

· SB scheduling: best SB

· Antenna/channel configuration: Xpol-high, EVA5
· Time delay between TX antennas: Yes

In Option 2, Let 
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 be the maximum time delay between any two TX antennas. Two ways to introduce time delay are (under 4 TX antennas with the first antenna as the reference timing)
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In the following, we provide simulation of above options (1, 2a and 2b) with 
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= 65 or 130 ns. 
Figures 1 and 2 show the simulation results of Option 1 for TM6 and TM9, respectively. As is observed, Option 1 can roughly provide throughput ratio around 1.15 within SNR range [0, 10] dB (the exact value depends on the SNR point). 
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(a)                                       (b)

Figure 1. Comparison between PUSCH 3-2 and PUSCH 3-1 for Option 1 under TM6: a) Throughput and b) throughput ratio 3-2 over 3-1
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(a)                                       (b)

Figure 2. Comparison between PUSCH 3-2 and PUSCH 3-1 for Option 1 under TM9: a) Throughput and b) throughput ratio 3-2 over 3-1

Figures 3 and 4 provide the simulation results of both Options 2a and 2b for TM6 and TM9, respectively. From the results, Option 2a can generally provide larger throughput ratio than Option 2b, and 
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=130 ns can provide larger throughput ratio than 
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=65 ns. 
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(a)                                       (b)

Figure 3. Comparison between PUSCH 3-2 and PUSCH 3-1 for Option 2a and 2b under TM6: a) Throughput and b) throughput ratio 3-2 over 3-1
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(a)                                       (b)

Figure 4. Comparison between PUSCH 3-2 and PUSCH 3-1 for Option 2a and 2b under TM9: a) Throughput and b) throughput ratio 3-2 over 3-1

Here we summarize the achieved throughput ratios (within SNR range [0, 10] dB) in Table 1, based on Figures 1-4. We would like to de-prioritize Option 2a with 
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=65 ns and Option 2b because they achieve relatively low throughput ratios (no higher than 1.1). For Option 1 and Option 2a with 
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=130 ns, they both provide relatively higher throughput gain. Considering that 1) the time delay 
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=130 ns exceeds limitation of TAE specified in Section 6.5.3.1 of 36.104, and that 2) the introduction of time delay between TX antennas may require additional effort on spec modification, we suggest RAN4 to adopt Option 1 in PUSCH 3-2 test. 
Table 1. Summary of throughput ratios for Options 1, 2a and 2b

	Option
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	TM6
	TM9

	1
	0
	1.14 – 1.22
	1.1 – 1.18

	2a
	65 ns
	1.1
	1.05 – 1.1

	
	130 ns
	1.2 – 1.25
	1.1 – 1.2

	2b
	65 ns
	1.04
	1.02 – 1.04

	
	130 ns
	1.06 – 1.1
	1.03 – 1.1


Proposal 1: Adopt the following settings in PUSCH 3-2 test
· Random SB scheduling

· ULA-low, EVA5

· Zero time delay between TX antennas
3
Summary 
In this contribution, we conducted simulations according the agreed configuration on PUSCH 3-2 test in AH minutes and compare the performance among those undetermined options. Based on the simulation results, we suggest RAN4 with

Proposal 1: Adopt the following settings in PUSCH 3-2 test
· Random SB scheduling

· ULA-low, EVA5

· Zero time delay between TX antennas
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