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1 Introduction

In the RAN4 #72 meeting, there are many discussion on PUSCH 3-2 test cases, and WF [1] was approved to summarize the agreements on test setup: 
· 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 would capture link level simulation to verify the agreed two test cases, and then provide our proposal on the final test setup. In the appendix, draft CR is also attached.
2 Evaluation and Discussion
2.1 PUSCH 3-2 over PUSCH 3-1

In this section, the throughput ratio of PUSCH 3-2 over PUSCH 3-1 would be evaluated, and simulation assumptions are adopted from agreed WF [1] and listed in Table 1:

Table 1: Simulation assumptions of PUSCH 3-2 over PUSCH 1-2
	Parameter
	Values

	Antenna configuration
	4x2 ULA low

	Propagation channel
	Option 1: EVA5

Option 2: ETU5

	Bandwidth
	10MHz, 50PRB

	Resource allocation
	50 PRB

	Transmission mode
	TM6, FDD

	CQI
	wideband CQI

	PMI
	subband PMI from PUSCH 3-2 feedback
wideband PMI from PUSCH 3-1 feedback

	Rank
	Rank 1

	Time delay between antennas
	Option 1: 0ns
Option 2: [0 65 0 65]ns


The throughput gain of PUSCH 3-2 over PUSCH 3-1 is provided in Figures 1.
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Figure 1 throughput ratio of PUSCH 3-2 over PUSCH 3-1 with EVA and ETU channel
Based on the results, it could be observed that within SNR range of [0 dB 16dB]:

· Regarding different TAE values, with respect to EVA channel, 65ns would obviously promote performance ratio of PUSCH 3-2 over PUSCH 3-1 compared with 0ns TAE, while with ETU channel, the performance ratios for 65ns and 0ns are almost the same.

· Compared the evaluated four options, EVA channel with 65ns TAE would slightly has better performance ratio than other options, and the performance ratio is about [1.15 1.35].
Based on the results of PUSCH 3-2 over PUSCH 3-1, it could be concluded that with proper SNR points, the proposed test setup could achieve sufficient performance ratio of PUSCH 3-2 over PUSCH 3-1.

Proposal 1: 

It’s verified that the proposed test setups are justified for PUSCH 3-2 over PUSCH 3-1test and they are:

· Performance ratio of PUSCH 3-2 over PUSCH 3-1: [1.05]
· SNR points for testing: low SNR 2~4dB, high SNR 8~10dB

· Full band scheduling for both PUSCH 3-2 and PUSCH 3-1

· 4x2 EVA5, ULA low

· [0 65 0 65] ns TAE

Regarding how to model 65ns time offset between each antenna port, in the previous meeting, some companies suggested implementing the time-offset into the propagation channel, their motivation was mainly avoiding explicitly indicating a large TAE values in RAN4 test cases as other companies argued a maximum TAE values has already be defined in TS36.104. 

Based on above evaluation, 65ns is justified to show sufficient throughput ratio and don’t violate the TAE definition in BS side, so it seems that the 65ns time-offset could directly modelled in TX antenna side, rather than introduce a new propagation channel. 
Proposal 2: 

It’s not needed to introduce a new propagation channel for 65ns time-offset. 
2.2 PUSCH 3-2 over PUSCH 1-2
In this section, the throughput ratio of PUSCH 3-2 over PUSCH 1-2 would be evaluated. The simulation assumptions are adopted from agreed WF [1], listed in Table 2:
Table 2: Simulation assumptions of PUSCH 3-2 over PUSCH 1-2
	Parameter
	Values

	Antenna configuration
	4x2 cross-polar high

	Propagation channel
	EVA5

	Resource allocation
	one subband ( 6 PRB)

	Scheduling
	best subband for PUSCH 3-2

random subband for PUSCH 1-2

	Transmission mode
	TM9, FDD

	CQI
	subband CQI for PUSCH 3-2
wideband CQI for PUSCH 1-2

	PMI
	subband PMI based on CSI feedback.

	Rank
	Rank 1

	Time delay between antennas
	0ns


The throughput gain of PUSCH 3-2 over PUSCH 1-2 is provided in Figures 2.
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Figure 2 throughput ratio of PUSCH 3-2 over PUSCH 1-2 with EVA channel
Based on the results, it could be observed that within SNR range of [0 dB 12dB]:
· The significant throughput ratio of PUSCH 3-2 over PUSCH 1-2 could be achieved, about [1.2 1.5].
So, it’s proposed that:

Proposal 3: 

It’s verified that the proposed test setups are justified for PUSCH 3-2 over PUSCH 1-2 test and they are:

· Performance ratio of PUSCH 3-2 over PUSCH 1-2: [1.15]
· SNR points for testing: low SNR 2~4dB, high SNR 8~10dB

· Best band scheduling for PUSCH 3-2, random subband scheduling for PUSCH 3-1

· 4x2 EVA5, cross-polar high
· 0 ns TAE

3 Conclusion
In this contribution, evaluation results and results are provided to verify the feasibility of agreed test setups. Based on given results, we propose that:

 Proposal 1: 

It’s verified that the proposed test setups are justified for PUSCH 3-2 over PUSCH 3-1test and they are:

· Performance ratio of PUSCH 3-2 over PUSCH 3-1: [1.05]
· SNR points for testing: low SNR 2~4dB, high SNR 8~10dB

· Full band scheduling for both PUSCH 3-2 and PUSCH 3-1

· 4x2 EVA5, ULA low

· [0 65 0 65] ns TAE

Proposal 2: 

It’s not needed to introduce a new propagation channel for 65ns time-offset. 
Proposal 3: 

It’s verified that the proposed test setups are justified for PUSCH 3-2 over PUSCH 1-2 test and they are:

· Performance ratio of PUSCH 3-2 over PUSCH 1-2: [1.15]
· SNR points for testing: low SNR 2~4dB, high SNR 8~10dB

· Best band scheduling for PUSCH 3-2, random subband scheduling for PUSCH 3-1

· 4x2 EVA5, cross-polar high

· 0 ns TAE
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5 Appendix
--------------------------------------------------- Start of insert ---------------------------------------------------

9.3.1.3
Minimum requirement PUSCH 3-2 
9.3.1.3.1
FDD

For the parameters specified in Table 9.3.1.3.1-1, and using the downlink physical channels specified in Annex C.3.2, the minimum requirements are specified in Table 9.3.1.3.1-2 and by the following. 
a)
the ratio of the throughput obtained when transmitting based on UE PUSCH 3-2 reported wideband CQI and subband PMI and that obtained when transmitting based on PUSCH 3-1 reported wideband CQI and wideband PMI should be ≥

b)
The ratio of the throughput obtained when transmitting on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level the corresponding TBS based on UE PUSCH3-2 reported subband CQI and subband PMI and that obtained when transmitting on a randomly selected sub-band in set S based on PUSCH 1-2 reported wideband CQI and subband PMI should be ≥ 
The transport block sizes TBS for wideband CQI and subband CQI are selected according to Table A.4-6a or Table A.4-6b
Table 9.3.1.3.1-1 Sub-band test for FDD
	Parameter
	Unit
	Test 1
	Test 2
	Test 3
	Test 4

	Bandwidth
	MHz
	10MHz

	PDSCH resource allocation
	RB
	50PRB
	a subband, 6PRB

	Transmission mode
	
	TM6
	TM9

	Downlink power allocation
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	dB[mW/15kHz]
	-98
	-98
	-98
	-98

	Propagation channel
	
	EVA5
	EVA5

	Antenna configuration
	
	4x2 ULA low
	4x2 cross-polar high

	Beamforming Model
	
	subband PMI for PUSCH 3-2
wideband PMI for PUSCH 3-1
	subband PMI for PUSCH 3-2
subband PMI for PUSCH 1-2

	CRS reference signals
	
	Antenna ports 0, 1
	Antenna ports 0, 1

	CSI reference signals
	
	
	Antenna ports 15, 16

	CSI-RS periodicity and subframe offset
TCSI-RS / ∆CSI-RS
	
	-
	5/ 1

	CSI-RS reference signal configuration
	
	-
	4

	CodeBookSubsetRestriction bitmap
	
	0x0000 0000 0000 FFFF
	0x0000 0000 0000 FFFF 0000 00FF

	Reporting interval (Note 4)
	ms
	5
	5

	CQI delay
	ms
	8
	8

	Reporting mode
	
	PUSCH 3-2, PUSCH 3-1
	PUSCH 3-2, PUSCH 1-2

	Sub-band size
	RB
	6 (full size)
	6 (full size)

	Max number of HARQ transmissions
	
	[1]
	[1]

	Note 1:
If the UE reports in an available uplink reporting instance at subframe SF#n based on CQI estimation at a downlink subframe not later than SF#(n-4), this reported subband or wideband CQI cannot be applied at the eNB downlink before SF#(n+4)

Note 2:
Reference measurement channel according to Table A.4-4a with one/two sided dynamic OCNG Pattern OP.1/2 FDD as described in Annex A.5.1.1/2.
Note 3:
For each test, the minimum requirements shall be fulfilled for at least one of the two SNR(s) and the respective wanted signal input level.
Note 4:
PDCCH DCI format 0 with a trigger for aperiodic CQI shall be transmitted in downlink SF#1 and #6 to allow aperiodic CQI/PMI/RI to be transmitted in uplink SF#0 and #5.


Table 9.3.1.3.1-2 Minimum requirement (FDD)
	
	Test 1/2
	Test 3/4

	
	[TBD]
	-

	 
	-
	[TBD]

	UE Category
	≥1
	≥1


9.3.1.3.2
TDD
For the parameters specified in Table 9.3.1.3.2-1, and using the downlink physical channels specified in Annex C.3.2, the minimum requirements are specified in Table 9.3.1.3.2-2 and by the following. 
a)
the ratio of the throughput obtained when transmitting based on UE PUSCH 3-2 reported wideband CQI and subband PMI and that obtained when transmitting based on PUSCH 3-1 reported wideband CQI and wideband PMI should be ≥

b)
The ratio of the throughput obtained when transmitting on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level the corresponding TBS based on UE PUSCH3-2 reported subband CQI and subband PMI and that obtained when transmitting on a randomly selected sub-band in set S based on PUSCH 1-2 reported wideband CQI and subband PMI should be ≥ 

The transport block sizes TBS for wideband CQI and subband CQI are selected according to Table A.4-6a or Table A.4-6b
Table 9.3.1.3.2-1 Sub-band test for TDD
	Parameter
	Unit
	Test 1
	Test 2
	Test 3
	Test 4

	Bandwidth
	MHz
	10MHz

	PDSCH resource allocation
	RB
	50PRB
	a subband, 6PRB

	Transmission mode
	
	TM6
	TM9

	Downlink power allocation
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	dB[mW/15kHz]
	-98
	-98
	-98
	-98

	Propagation channel
	
	EVA5
	EVA5

	Antenna configuration
	
	4x2 ULA low
	4x2 cross-polar high

	Beamforming Model
	
	subband PMI for PUSCH 3-2

wideband PMI for PUSCH 3-1
	subband PMI for PUSCH 3-2

subband PMI for PUSCH 1-2

	CRS reference signals
	
	Antenna ports 0, 1, 2, 3
	Antenna ports 0, 1

	CSI reference signals
	
	
	Antenna ports 15, 16, 17, 18

	CSI-RS periodicity and subframe offset
TCSI-RS / ∆CSI-RS
	
	-
	5/ 4

	CSI-RS reference signal configuration
	
	-
	4

	CodeBookSubsetRestriction bitmap
	
	0x0000 0000 0000 FFFF
	0x0000 0000 0000 FFFF 0000 00FF

	Reporting interval (Note 4)
	ms
	5
	5

	CQI delay
	ms
	8
	8

	Reporting mode
	
	PUSCH 3-2, PUSCH 3-1
	PUSCH 3-2, PUSCH 1-2

	Sub-band size
	RB
	6 (full size)
	6 (full size)

	Max number of HARQ transmissions
	
	[1]
	[1]

	Note 1:
If the UE reports in an available uplink reporting instance at subframe SF#n based on CQI estimation at a downlink subframe not later than SF#(n-4), this reported subband or wideband CQI cannot be applied at the eNB downlink before SF#(n+4)

Note 2:
Reference measurement channel according to Table A.4-4a with one/two sided dynamic OCNG Pattern OP.1/2 FDD as described in Annex A.5.1.1/2.
Note 3:
For each test, the minimum requirements shall be fulfilled for at least one of the two SNR(s) and the respective wanted signal input level.
Note 4:
PDCCH DCI format 0 with a trigger for aperiodic CQI shall be transmitted in downlink SF#4 and #9 to allow aperiodic CQI/PMI/RI to be transmitted in uplink SF#3 and #8.


Table 9.3.1.3.2-2 Minimum requirement (TDD)
	
	Test 1/2
	Test 3/4

	
	[TBD]
	-

	 
	-
	[TBD]

	UE Category
	≥1
	≥1
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