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1. Introduction
In RAN4 #72, there was further discussion regarding PUSCH 3-2 test methodologies and following agreements were reached [1]. 

· The following two tests for PUSCH 3-2 have been agreed:
· 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 above agreements still need the following considerations based on further simulation studies:
· The exact TAE values to be adopted in the tests.  If the further studies show in-adequate throughput gain, then Option 1 will be the approved .  
· The Channel model for each of the test above.  
In this contribution, we provide simulation results to verify the feasibility of agreed PUSCH 3-2 test methodology and finalize test parameter details. 
2. Simulation results
According to the agreement in [1], UE’s proper implementation of PUSCH 3-2 CSI feedback is verified by combination of two test cases. 
· PUSCH 3-2 over PUSCH 3-1 for TM6 with full band scheduling to verify subband PMI feedback

· PUSCH 3-2 over PUSCH 1-2 for TM9 with subband scheduling to verify subband CQI feedback

2.1. PUSCH 3-2 over PUSCH 3-1
In this test, PDSCH throughput is compared between PUSCH 3-2 CSI feedback and PUSCH 3-1 CSI feedback. PDSCH is transmitted with full PRB allocation and precoding is selected at eNB according to UE’s PMI feedback. For MCS selection, we can consider either closed loop scheduling using wideband CQI feedback or fixed MCS scheduling similar to existing PMI test.
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(a) 4x2 ETU5L channel                                                       (b) 4x2 EVA5L channel
Figure 1. PUSCH 3-2 vs PUSCH 3-1 with link adaptation

Table 1. CQI-to-MCS mapping table for TM6 with 4 Tx antenna

	CQI
	MCS
	ITBS
	TBS
	TBS+CRC
	CR
	target CR
	CR difference

	0
	0
	0
	0
	0
	0
	0
	0

	1
	0
	0
	0
	0
	0
	0.1523
	-0.1523

	2
	0
	0
	0
	0
	0
	0.2344
	-0.2344

	3
	2
	2
	2216
	2264
	0.390345
	0.377
	0.013345

	4
	4
	4
	3624
	3672
	0.633103
	0.6016
	0.031503

	5
	6
	6
	5160
	5208
	0.897931
	0.877
	0.020931

	6
	8
	8
	6968
	7040
	1.213793
	1.1758
	0.037993

	7
	11
	10
	8760
	8832
	1.522759
	1.4766
	0.046159

	8
	13
	12
	11448
	11520
	1.986207
	1.9141
	0.072107

	9
	15
	14
	14112
	14208
	2.449655
	2.4063
	0.043355

	10
	16
	15
	15264
	15360
	2.648276
	2.7305
	-0.08222

	11
	20
	18
	19848
	19968
	3.442759
	3.3223
	0.120459

	12
	22
	20
	22920
	23040
	3.972414
	3.9023
	0.070114

	13
	23
	21
	25456
	25600
	4.413793
	4.5234
	-0.10961

	14
	26
	24
	30576
	30720
	5.296552
	5.1152
	0.181352

	15
	27
	25
	31704
	31872
	5.495172
	5.5547
	-0.05953


First, we checked the performance difference with closed loop scheduling. Figure 1 shows PDSCH throughput of PUSCH 3-2 and PUSCH 3-1 with closed loop scheduling. Here, we observed throughput dip around CINR 14~16dB due to high BLER. According to CQI-to-MCS mapping shown in table 2, there is large mismatch between target code and actual code rate at CQI 14, which seems to be causing large BLER spike. 
Observation 1. There is throughput dip in TM6 4 Tx link adaption throughput curve due to large code rate mismatch in CQI 14. 

Figure 2 shows PDSCH throughput comparison between PUSCH 3-2 and PUSCH 3-1 with fixed MCS scheduling. 16QAM 1/2 was used in the simulation. It can be observed that there is good performance separation between subband PMI (PUSCH 3-2) and wideband PMI (PUSCH 3-1) and performance separation is bigger in ETU channel than EVA channel due to larger frequency selectivity in channel. Note that we can achieve good performance separation without timing offset between Tx antennas.
Observation 2. With fixed MCS scheduling, we can observe good performance separation between PUSCH 3-2 and PUSCH 3-1 CSI mode in ETU channel without timing offset between Tx antennas. 
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(a) ETU5L                                                                                (b) EVA5L
Figure 2. PUSCH 3-2 vs PUSCH 3-1 with fixed MCS

2.2. PUSCH 3-2 vs PUSCH 1-2

In this test, PDSCH throughput is compared between PUSCH 3-2 and PUSCH 1-2 while subband PMI is applied for precoding in both CSI modes. In PUSCH 3-2, best subband is selected for PDSCH scheduling according to subband CQI feedback and MCS is per subband CQI of selected subband. In PUSCH 1-2, subband for PDSCH transmission is randomly selected and MCS is per wideband CQI. Figure 3 shows performance comparison between PUSCH 3-2 and PUSCH 1-2. Propagation channel is EVA5 4x2 cross-polarized high correlation channel as agreed in [1]. We can observe good performance separation between PUSCH 3-2 and PUSCH 1-2. 
Observation 3. There is good performance separation between PUSCH 3-2 with best subband scheduling and PUSCH 1-2 with random subband scheduling. 
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Figure 3. PUSCH 3-2 vs PUSCH 1-2 with link adaptation

3. Conclusions

In this contribution, we provided simulation results to evaluate the feasibility of agreed test methodology for PUSCH 3-2 CSI reporting mode. We observed following from our simulations. 
Observation 1. There is throughput dip in TM6 4 Tx link adaption throughput curve due to large code rate mismatch in CQI 14. 

Observation 2. With fixed MCS scheduling, we can observe good performance separation between PUSCH 3-2 and PUSCH 3-1 CSI mode in ETU channel without timing offset between Tx antennas. 

Observation 3. There is good performance separation between PUSCH 3-2 with best subband scheduling and PUSCH 1-2 with random subband scheduling. 

Based on these observation, we would like to propose following for PUSCH 3-2 test.
Proposal 1. In PUSCH 3-2 vs PUSCH 3-1 test to verify subband PMI feedback, 

· Use full PRB allocation and fixed MCS scheduling. 

· Use 4x2 ULA ETU5 low correlation channel.
· Don’t configure timing offset between Tx antennas. 

Proposal 2. In PUSCH 3-2 vs PUSCH 1-2 test to verify subband CQI feedback
· Use best subband scheduling with subband CQI in PUSCH 3-2 mode and random subband scheduling with wideband CQI in PUSCH 1-2 mode. 

· Use 4x2 XP EVA5 high correlation channel.
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