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Discussion 
1
Introduction 
In the RAN4#72 meeting, the tests for PUSCH 3-2 were discussed with the agreement captured in the WF R4-145365. In this paper, we provide our simulation results based on the agreements.

2
Simulation Results and Discussions
According to the agreement in [1], the test of PUSCH 3-2 now is divided into two sub-tests, in order to verify the UE behaviour of simultaneously subband (SB) PMI and SB CQI reporting. The agreements are captured below:

· 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
The first sub-test focuses on SB PMI and uses the throughput ratio of PUSCH 3-2 over PUSCH 3-1 as the test metric; the second one focuses on the SB CQI and uses the throughput ratio of PUSCH 3-2 over PUSCH 1-2 as the test metric. In the following we provide the simulation results as well as our views on these two sub-tests.
2.1
PUSCH 3-2 over PUSCH 3-1
The key to create a test that provides non-trivial throughput gain of PUSCH 3-2 over 3-1 is to introduce a channel with SB-selective PMI. Such that a UE configured with PUSCH 3-2 can choose the preferred PMI for each SB, while a UE configured with PUSCH 3-1 can only choose one wideband (WB) PMI which may not be optimum for all SBs. We expect that, under a SB-selective PMI propagation channel, PUSCH 3-2 would be more likely to bring higher SB CQIs and wideband (WB) CQI than PUSCH 3-1. Note that full band scheduling is adopted so that the eNB’s SB scheduling policy, e.g., best or random SB, would no more affect the throughput gain. 
In Figures 1(a) and (b), we provide the throughput ratio of PUSCH 3-2 over 3-1 under EVA channel and ETU channel, respectively. In each figure, the blue curve denotes the result without time offset (TO) between TX antennas, while the red curve stands for the results with TO [0 65 0 65] ns.
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Figure 1. Throughput ratios of PUSCH 3-2 over PUSCH 3-1 in TM6: (a) EVA channel and (b) ETU channel.
Here we draw some observations from Figure 1:

1) ETU achieves higher throughput ratios than EVA: EVA generally provides a ratio higher than 1.06, while ETU has the ratio higher than 1.1.

2) The TO [0 65 0 65] ns improves the throughput ratios for both EVA and ETU channels. The improvement in ETU is smaller than that in EVA.
3) The ratio changes with SNR.

Table 1 summarizes the worst throughput ratio for EVA/ETU and for no/with TO. Comparing these 4 settings, we prefer ETU with no TO because it achieves the highest worst throughput ratio (1.1).
Table 1. Summary of the worst throughput ratios
	
	EVA
	ETU

	No TO
	1.06
	1.1

	With TO
	1.08
	1.1


Furthermore, since the ratio changes with SNR, we suggest RAN4 to properly choose the SNR point that leads to a higher expected throughput ratio as well as a potentially higher threshold requirement in this subtest.
Proposal 1: Adopt ETU5 with zero time offset between TX antennas in the subtest of PUSCH 3-2 over PUSCH 3-1.
Proposal 2: Properly choose the SNR point that leads to a higher expected throughput ratio as well as a higher threshold requirement in the sub-test of PUSCH 3-2 over PUSCH 3-1.
2.2
PUSCH 3-2 over PUSCH 1-2

The key to create a test that provides desireable throughput gain of PUSCH 3-2 over 1-2 is to introduce a channel with SB-selective CQI. Such that, a UE configured with PUSCH 3-2 can choose proper CQI to reflect the quality of each SB, while a UE configured with PUSCH 1-2 can only report the WB CQI which may leads to an over-estimation or under-estimation of the exact SB quality. In this sub-test, EVA5 with XP High is adopted and is expected to create SB-selective CQI. Random SB scheduling is used in PUSCH 1-2 such that eNB may choose a SB that is under-estimated or over-estimated by the WB CQI. Both lead to some throughput loss. For PUSCH 3-2, best SB scheduling is used to enjoy the frequency-selective scheduling gain.

In Figure 2, we provide the throughput ratio of PUSCH 3-2 over 1-2 under EVA5 channel with XP High. In the figure, the blue curve was simulated without TO, while the red curve was simulated under TO [0 65 0 65] ns.
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Figure 2. Throughput ratios of PUSCH 3-2 over PUSCH 1-2 in TM9 under EVA channel.
As observed from Figure 2, the throughput ratio of PUSCH 3-2 over 1-2 is generally higher than 1.25 within the range of SNR 0 dB to 10 dB for both with/without TO. Introducing TO does not brings noticeable improvement on the ratio. Therefore, we think that it is not necessary to introduce transmit timing offset in this sub-test. Similar to the previous sub-test, we also observe that properly choosing the SNR point could lead to a higher expected throughput ratio and is expecting to achieve a higher threshold requirement in this sub-test (after considering some margin).
Proposal 3: It is not necessary to introduce transmit timing offset in the sub-test of PUSCH 3-2 over PUSCH 1-2.
Proposal 4: Properly choose the SNR point that leads to a higher expected throughput ratio as well as a higher threshold requirement in the sub-test of PUSCH 3-2 over PUSCH 1-2.
3
Summary 
In this contribution, we conducted simulations according the agreed settings in the WF [1] for the two sub-tests for PUSCH 3-2 test. Based on the simulation results, we proposes
Proposal 1: Adopt ETU5 with zero time offset between TX antennas in the sub-test of PUSCH 3-2 over PUSCH 3-1.

Proposal 2: Properly choose the SNR point that leads to a higher expected throughput ratio as well as a higher threshold requirement in the sub-test of PUSCH 3-2 over PUSCH 3-1.
Proposal 3: It is not necessary to introduce transmit timing offset in the sub-test of PUSCH 3-2 over PUSCH 1-2.
Proposal 4: Properly choose the SNR point that leads to a higher expected throughput ratio as well as a higher threshold requirement in the sub-test of PUSCH 3-2 over PUSCH 1-2.
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