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1 Introduction

In RAN4#72bis meeting the way forward was agreed with the following agreements in [1] with the purpose to evaluate different options to verify the proper UE implementation on whitening for SU-MIMO receiver.
Multi-cell whitening verification test

· Option 1:

· Test setup as illustrated in R4-144800 

· Option 2:
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case 2.1 TM3/TM1 EVA70 2x2 Medium 1x2 Low

1/3:  MCS5 for subframe 0, 1, 2, 3, 4, 6, 7, 8 and 9

2/5:  MCS6 for subframe 0, 1, 2, 3, 4, 6, 7, 8 and 9

16QAM   6.24

case 2.2 TM3/TM1 EVA70 2x2 Medium 1x2 Medium

2/5:  MCS6 for subframe 0, 1, 2, 3, 4, 6, 7, 8 and 9

3/5:  MCS8 for subframe 0 and MCS9 for subframe 1, 2, 3, 4, 6, 7, 8 and 9

16QAM  6.24


· Interested company can investigate higher INR values

· Companies are encouraged to provide simulation results in RAN4#73

· Down-selection between option 1 and 2 are FFS

In this contribution we provide simulation results for all proposed options with all SU-MIMO candidate receivers in order to verify the whitening functionality as UE implementation.
2 Discussion and simulation results
2.1 Option 1
As illustrated in [2] there are 2 sub-options using a relative TP method as the following equations with the simulation assumptions found in Appendix. The test configurations are the same as IRC CQI tests except the following correlation configuration listed in Table 1.
Table 1 Difference on test configuration for IRC CQI test
	Parameter
	Unit
	Cell 1
	Cell 2

	Propagation channel
	
	EVA5
	EVA5

	Correlation and antenna configuration
	
	Medium (2 x 2)
	Medium (2 x 2)


Option 1.1: 
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Furthermore, we have simulated the results with FRC as MCS=7 as Option 1.2.

Option 1.2: 
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By using the follow CQI for the TP we take this method as Option 1.1. Here the follow CQI is simply to take the reported CQI as MCS without any out loop link adaptation.

The advantage of such relative TP test is with or without whitening function the TP will remain the same under single cell scenario, but under multi-cell scenario with high interference level the TP performance would suffer a lot without the whitening functionality. Hence a relative TP ratio gamma can tell the difference if the whitening is implemented or not. Moreover this approach doesn’t limit different candidate receivers for SU-MIMO since as long as the whitening functionality is missing the gamma would be degraded.

For Option 1.1, Figure 2 and 3 gives the TP results with follow CQI on multi-cell and single-cell scenarios separately with SU-MIMO receivers and baseline MMSE receiver with and without whitening functionality. Figure 4 shows the gamma ratio between the follow CQI TP from multi-cell and the follow CQI TP from single cell with SU-MIMO receivers and baseline MMSE receiver with and without whitening functionality.
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Figure 1 TP for follow CQI for multi-cell scenatio with SU-MIMO receivers w/wo whitening Option 1

For Option 1.2, Figure 5 and 6 gives the TP results with FRC with MCS=7 on multi-cell and single-cell scenarios separately with SU-MIMO receivers and baseline MMSE receiver with and without whitening functionality. Figure 7 shows the gamma ratio between the TP with MCS=7 from multi-cell and the TP with MCS=7 from single cell with SU-MIMO receivers and baseline MMSE receiver with and without whitening functionality.
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Figure 2 TP for follow CQI for single-cell scenatio f SU-MIMO receivers w/wo whitening Option 1
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Figure 3 Gamma ratio for follow CQI for multi-cell scenatio with SU-MIMO receivers w/wo whitening Option 1
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Figure 4 TP for MCS=7 with SU-MIMO receivers w/wo whitening Option 2
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Figure 5 TP for MCS=7 for single-cell scenatio with SU-MIMO receivers w/wo whitening Option 2
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Figure 6 Gamma ratio for MCS=7 with SU-MIMO receivers w/wo whitening Option 2

From the results we can see Option 1.1 and 1.2 both have its pros and cons. With Option 1.2 it’s based on FRC so the test can be easier to get alignment results and there is no need to care about the CQI reporting, but then the gamma value is not as stable as Option 1.1. With Option 1.1 a suitable gamma value can have a much wider SNR range with robust difference seen between all the receiver types with and without whitening funcationality, but it requires a follow CQI operation. Our preferred Option is to use Option 1 with the follow CQI setup.

Observation 1: Relative TP tests with Option 1.1 and Option 1.2 can both give robust test metrix to verify the whitening functionality of SU-MIMO receivers. With follow CQI as Option 1.1 a suitable gamma value can have a much wider SNR range with robust difference seen between all the receiver types with and without whitening funcationality.
2.2 Option 2

There are also 2 cases under Option 2 with low and medium correlation on the interfering cell.
Figure 7 shows the TP results for Case 2.1 with MCS=5. Furthermore we also run Case 2.2 with MCS=6 in Fugure 8. Since we have agreed to evaluate both ML and CWIC receiver we need to take the worse performance between these 2 receivers with whitening functionality and compare to the better performance between these 2 receivers without whitening functionality. It can be seen the difference is around 1dB for both MCS=5 and MCS= 6 which can be too small to differeciate the implementations so this can’t be used.
And with 16QAM the difference between with and without whitening is less than 1 dB which can be too small to differeciate the implementations so this can’t be used.
Observation 2: Option 2 Case 2.1 with MCS=5 and MCS=6 brings less than 1dB difference between with and without whitening functionality with all SU-MIMO receivers and can’t be used to verify the whitening functionality.

Also for Case 2.1 it seems a serving cell with medium correlation and an interfering cell with low correlation will never happen in reality since the correlation from the UE side keeps the same for all cells and such test configuration may also require additional implementation from test equipment.
Observation 3: For Case 2.1 as serving cell with medium correlation and interfering cell with low correlation it will never happen in reality due to the fact the correlation from the UE side keeps the same for all cells and such test configuration may also require additional implementation from test equipment.
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Figure 7 TP for Option 2 Case 2.1 with MCS=5
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Figure 8 TP TP for Option 2 Case 2.1 with MCS=6
Figure 9 shows the TP results for Case 2.2 with MCS=6. And Figure 10 is Case 2.2 with MCS=8.
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Figure 9 TP for Option 2 Case 2.2 with MCS=6
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Figure 10 TP for Option 2 Case 2.2 with MCS=8
It can be seen for both MCS=6 and MCS=8 around 2dB difference is observed between whitening and without whitening functionality. With such difference it should be able to verify the functionality itself. Moreover, a 2x2 medium correlation with phase rotation could potentially bring more whitening gain.

Observation 4: Option 2 Case 2.2 with MCS=6 and MCS=8 brings around 2dB difference between with and without whitening functionality with all SU-MIMO receivers and can be used to verify the whitening functionality.
So based on the observations above we propose the following.

Proposal 1: Both Option 1 with follow CQI and Option 2 Case 2.2 can be used to verify the whitening functionality of SU-MIMO receivers. 
Proposal 2: If Option 2 with Case 2.2 is chosen we should further evaluate multi-cell scenario with 2x2 medium correlation on the interfering cell in order to explore better whitening gain for both ML and CWIC receivers.
3 Conclusions

In this contribution we discuss the methodology to verify the whitening functionality for SU-MIMO receivers and have the observations and proposal as following.

Observation 1: Relative TP tests with Option 1.1 and Option 1.2 can both give robust test metrix to verify the whitening functionality of SU-MIMO receivers. With follow CQI as Option 1.1 a suitable gamma value can have a much wider SNR range with robust difference seen between all the receiver types with and without whitening funcationality.
Observation 2: Option 2 Case 2.1 with MCS=5 and MCS=6 brings less than 1dB difference between with and without whitening functionality with all SU-MIMO receivers and can’t be used to verify the whitening functionality.

Observation 3: For Case 2.1 as serving cell with medium correlation and interfering cell with low correlation it will never happen in reality due to the fact the correlation from the UE side keeps the same for all cells and such test configuration may also require additional implementation from test equipment.

Observation 4: Option 2 Case 2.2 with MCS=6 and MCS=8 brings around 2dB difference between with and without whitening functionality with all SU-MIMO receivers and can be used to verify the whitening functionality.
Proposal 1: Both Option 1 with follow CQI and Option 2 Case 2.2 can be used to verify the whitening functionality of SU-MIMO receivers. 
Proposal 2: If Option 2 with Case 2.2 is chosen we should further evaluate multi-cell scenario with 2x2 medium correlation on the interfering cell in order to explore better whitening gain for both ML and CWIC receivers.
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Appendix
IRC CQI test from [4].

For the parameters specified in Table 1 check the minimum requirement of ,

a)
the ratio of the throughput obtained when transmitting the transport format indicated by each reported wideband CQI index subject to an interference source with specified DIP and that obtained when transmitting the transport format indicated by each reported wideband CQI index subject to a white Gaussian noise source shall be ≥ ;
The transport block sizes indicated by the reported wideband CQI are selected according to Table A.4-3 (for Category 2-8) or Table A.4-9 (for Category 1). 

Table 2 Fading test for single antenna (FDD)

	Parameter
	Unit
	Cell 1
	Cell 2

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	1 (port 0)

	Cyclic Prefix
	
	Normal
	Normal

	Cell ID
	
	0
	1

	 SINR (Note 8)
	dB
	-2
	N/A
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	dB[mW/15kHz]
	-98
	N/A

	Propagation channel
	
	EVA5
	EVA5

	Correlation and antenna configuration
	
	Medium (2 x 2)
	Medium (2 x 2)

	DIP (Note 4)
	dB
	N/A
	-0.41

	Reference measurement channel
	
	Note 2
	R.2 FDD

	Reporting mode
	
	PUCCH 1-0
	N/A

	Reporting periodicity
	ms
	Npd = 2
	N/A

	CQI delay
	ms
	8
	N/A

	 Physical channel for CQI reporting
	
	PUSCH (Note 3)
	N/A

	PUCCH Report Type
	
	4
	N/A

	cqi-pmi-ConfigurationIndex
	
	1
	N/A

	Max number of HARQ transmissions
	
	1
	N/A

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

Note 2:
Reference measurement channel according to Table A.4-1 for Category 2-8 with one sided dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.1.1 and Table A.4-7 for Category 1 with one/two sided dynamic OCNG Pattern OP.1/2 FDD as described in Annex A.5.1.1/2.

Note 3:
To avoid collisions between CQI reports and HARQ-ACK it is necessary to report both on PUSCH instead of PUCCH. PDCCH DCI format 0 shall be transmitted in downlink SF#1, #3, #7 and #9 to allow periodic CQI to multiplex with the HARQ-ACK on PUSCH in uplink subframe SF#5, #7, #1 and #3.

Note 4:
The respective received power spectral density of each interfering cell relative to 
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 is defined by its associated DIP value as specified in clause B.5.1.

Note 5:
Two cells are considered in which Cell 1 is the serving cell and Cell 2 is the interfering cell. The number of the CRS ports in both cells is the same. Intefering cell is fully loaded.

Note 6: 
Both cells are time-synchronous.

Note 7:
Static channel is used for the interference model. In case for white Gaussian noise model Cell 2 is not present.

Note 8:
SINR corresponds to 
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 of Cell 1 as defined in clause 8.1.1.
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