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1 Introduction

In RAN4#71 meeting, WF on PUSCH 3-2 test was agreed in [1]. Agreed WF is related with test metric of PUSCH3-2 (Task #2) and maximum time offset between Tx antennas (Task #4). Detailed contents for maximum time offset between Tx antennas are as follows;

· Maximum time offset between Tx antennas (Task #4)
· Option A: Time offset < 65ns
· Option B: Time offset > 65ns;
· Incorporating timing offset into channel model. Details to be provided in the next meeting.
· Other options are not precluded
· Study for maximum time offset in the next meeting
· Feasibility and proposals for Option B (on incorporating into channel model)
· Provide studies on performance impact for Option B with the following configuration (the following parameters are just for evaluation):
· Timing offset: no timing offset , (-65ns, 0ns, 65ns, 130ns)
· TM3 link adaptation test, SNR = 0 dB ~ 20 dB, 2 dB step
· EPA5, EVA5, ETU5, 4×2 ULA Low 
· Possible decision e.g. if there is performance impact shown, then TAE < 65 ns could be considered, otherwise Option B could be considered .
· Other ways to create the frequency-selective spatial correlation are not precluded.
In this contribution, we provide feasibility simulation results for Option B and views based on simulation results as agreed WF.
2 Simulation assumption

For simulation assumption, we tried to simulate based on agreed WF. Detailed simulation parameters are presented in Table 1.
Table 1: Simulation parameters for maximum time offset feasibility test on TM3
	Parameters
	Value
	Comments

	Channel Bandwidth
	MHz
	10

	Propagation channel
	
	EPA5/EVA5/ETU5

	Antenna configuration and correlation matrix
	
	4x2 ULA Low

	Timing offset
between Tx Antenna
	ns
	Option A : [0 0 0 0]
Option B : [-65 0 65 130]

	Downlink power allocation
	ρA
	dB
	-6

	
	ρB
	dB
	-6

	
	σ
	dB
	-3

	Noc at antenna port
	dBm/15 kHz
	-98

	PDSCH transmission mode
	
	3 w/ link adaptation


3 Simulation results

In Figure1, Figure 2, and Figure3, we presented TM3 simulation results for EPA5, EVA5, and ETU5 respectively. From all simulation results for TM3, we can see following observations 
· Observation 1 : In EVA5 and ETU5, There is no reasonable performance different between Option A and Option B
· Observation 2: In EPA5, The performance of Option B is better than that of Option A due to additional time diversity. It seems to be obtained by relatively larger time diversity if we compare additional Tx antenna time delay of Option B to effective group delay of channel.
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Figure 1. TM3 link adaptation performance on EPA5 channel
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Figure 2. TM3 link adaptation performance on EVA5 channel
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Figure 3. TM3 link adaptation performance on ETU5 channel
In addition to TM3 simulation, we evaluated t-put performance for different reporting mode under different antenna configuration and Tx timing offset. Evaluated reporting mode as follows;

· PUSCH 1-2

· PUSCH 3-1 with random sub-band scheduling

· PUSCH 3-1 with best sub-band scheduling

· PUSCH 3-2 with random sub-band scheduling
· PUSCH 3-2 with best sub-band scheduling
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Figure 4. T-put of PUSCH1-2 for different antenna configuration and Tx timing offset
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Figure 5. T-put of PUSCH 3-1 with Random sub-band scheduling
for different antenna configuration and Tx timing offset
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Figure 6. T-put of PUSCH 3-1 with best sub-band scheduling
for different antenna configuration and Tx timing offset
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Figure 7. T-put of PUSCH 3-2 with random sub-band scheduling
for different antenna configuration and Tx timing offset
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Figure 8. T-put of PUSCH 3-2 with Best sub-band scheduling
with different antenna configuration and Tx timing offset

From Figure 4 to Figure 8, we can observe followings

· Observation 3: Xpol high configuration shows better performance, especially TM9 cases.
· Observation 4: Option B shows meaningful gain for PUSCH3-1 reporting mode only, especially if we use best sub-band scheduling.
Based on all above observation, we think that option B can be used with test metric of PUSCH3-2 over PUSCH3-1, although it might have some concern including specification violation of larger TAE than 65 ns. For other test metric use different reporting mode, we think that there is little benefit when we adopt option B. 
· Proposal 1: Option B can be used with the test metric of PUSCH3-2 over PUSCH3-1, if there is no concern with any other reason including specification violation of larger TAE than 65 ns. 
4 Conclusion
In this contribution, we provide the TM3 simulation results related maximum time offset between Tx antennas. From TM3 link adaptation simulation results, we can observe followings;

· Observation 1 : In EVA5 and ETU5, There is no reasonable performance different between Option A and Option B
· Observation 2: In EPA5, The performance of Option B is better than that of Option A due to additional time diversity.
· Observation 3: Xpol high configuration shows better performance, especially TM9 cases.
· Observation 4: Option B shows meaningful gain for PUSCH3-1 reporting mode only, especially if we use best sub-band scheduling.
From simulation results for various PUSCH reporting mode with different antenna configuration and Tx timing offset, we can observe followings;

· Observation 3: Xpol high configuration shows better performance, especially TM9 cases.
· Observation 4: Option B shows meaningful gain for PUSCH3-1 reporting mode only, especially if we use best sub-band scheduling.
Based on above observation, we provide our view for this issue
· Proposal 1: Option B can be used with the test metric of PUSCH3-2 over PUSCH3-1, if there is no concern with any other reason including specification violation of larger TAE than 65 ns. 
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