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Introduction
In the previous RAN4 meeting #100-e, WFs on demodulation requirements [1] were approved.
In this paper we provide our view on UE demodulation requirements for MMSE-IRC receiver for scenario with inter-cell interference.
Discussion
Common test parameters
In the previous meeting the following agreements were reached on common test parameters
	· SSB configuration 
· Option 1: All SSBs (serving cell and interference cell(s)) are in the same time/frequency resources
· Option 2: Serving cell SSB and interference cell(s) SSB(s) are in the different time/frequency resources
· Interested companies can check the PBCH performance for both options
· Use simulation assumptions from Section 5.4 of TS 38.101-4 for serving cell
· Use the following SSB configuration for Option 2
· SSB of serving cell is transmitted in PRB 0~19 in first occasion
· For case with 1 interference cell (if agreed), SSB of interference cell is transmitted in PRB 0~19 in second occasion. 
· For case with 2 interference cell, SSB of interference cell 1 is transmitted in PRB 20~39 in first occasion, SSB of interference cell 2 is transmitted in PRB 0~19 in second occasion.
· Other simulation assumptions are FFS
· Propagation condition
· Consider TDLA30-10 and TDLC300-100 channel models for evaluation purpose and select only one for requirements definition
· Interested companies are encourage to provide views on down-selection criteria


SSB configuration
In the previous meeting SSB configuration was discussed. At current stage two options are listed:
· Option 1: All SSBs (serving cell and interference cell(s)) are in the same time/frequency resources
· Option 2: Serving cell SSB and interference cell(s) SSB(s) are in the different time/frequency resources
The following additional option can also be considered for scenario with two interference modelling:
· Option 3: Serving cell SSB and first dominant interference cell SSB are in the different time/frequency resources and Serving cell SSB and second interference cell SSB are in the same time/frequency resources
In Figure 1 we provide the link level results with PBCH performance comparison for three above options. 
	
	2 Rx
	4 Rx

	INRs 5.43 and -1.50 dB
	[image: ]
	[image: ]

	INRs 7.77 and 2.29 dB
	[image: ]
	[image: ]

	INRs 13.91 and 3.34
	[image: ]
	[image: ]

	[bookmark: _Ref79187744][bookmark: _Ref79187742]Figure 1. PBCH performance for scenario with inter-cell interference.


From this analysis we can observe that using of Option 1 leads to significant PBCH performance degradation in comparison to Options 2 and 3. In Table 3 we provide the information about SNR operating points for PDSCH and PBCH for scenarios with 2 and 1 explicit interference cell modelling. INR values are derived based on analysis from Section 2.2.
[bookmark: _Ref79189506][bookmark: _Ref79189499]Table 1. PDSCH and PBCH operating points.
	
	2 Rx
	4 Rx

	
	PDSCH SNR for 70% of max t-put
	PBCH SNR for 1% BLER
	PDSCH SNR for 70% of max t-put
	PBCH SNR for 1% BLER

	Number of Rx antennas
	QPSK
	16QAM
	Opt 1
	Opt 2
	Opt 3
	QPSK
	16QAM
	Opt 1
	Opt 2
	Opt 3

	INRs 5.43 and -1.50 dB
	2.1
	9.6
	3.6
	-2.3
	-0.3
	-1.7
	5.6
	-0.9
	-6.6
	-4.9

	INRs 7.77 and 2.29 dB
	3.8
	11.3
	5.9
	-2.3
	1.0
	-0.9
	6.5
	1.2
	-6.6
	-3.6

	INRs 13.91 and 3.34 dB
	6.4
	14.0
	9.5
	-2.3
	1.4
	0.1
	7.7
	5.9
	-6.6
	-3.1

	INR 3.1 dB
	2.3
	10.0
	1.2
	-2.3
	N/A
	-1.4
	5.9
	-3.1
	-6.6
	N/A

	INR 5.49 dB
	3.2
	10.9
	2.2
	-2.3
	N/A
	-1.2
	6.2
	-1.8
	-6.6
	N/A

	INR 10.50 dB
	5.7
	13.4
	5.3
	-2.3
	N/A
	-0.6
	6.6
	2.0
	-6.6
	N/A


From this table we can observe that using of SSB configuration Option 1 may have impact on QPSK PDSCH performance depending on scenario. Therefore, in case requirements will be defined for 16QAM modulation, any PBCH mapping option can considered without impact on PDSCH performance.
At current stage it is still open whether to model two or one interference cell in the test. In case requirements will be defined for scenario with two interference cells, SSB mapping Option 3 can be used to cover different conditions (i.e. overlapping and non-overlapping SSBs). In case requirements will be defined for one interference cell, we can consider different configurations from CSI and Demodulation requirements.
Propagation condition
In Section 2.4, simulation results for different propagation condition are presented. Based on these results we can observe that performance difference of MMSE-IRC and MMSE-MRC receivers is rather close for scenarios with TDL-A and TDL-C channel models for all considered interference conditions. However, we can observe that SNR operating point is slightly higher for TDL-C channel model in comparison to TDL-A which is rather beneficial for further discussion on downselection of certain test parameters.
Proposal 1:	Use the following common test parameters for the definition of MMSE-IRC PDSCH demodulation requirements for inter-cell interference scenario:
· [bookmark: _Hlk84925949]SSB configuration: 
· 2 interference cells modelling: Serving cell SSB and first dominant interference cell SSB are in the different time/frequency resources
· 1 interference cell modelling: Different SSB configurations for Demodulation and CSI tests
· Propagation condition: TDLC300-100
Interference modelling
In the previous meeting the following agreements were reached on interference modelling
	· Deployment
· Consider Homogeneous deployment assumptions
· FFS whether for consider HetNet deployment assumptions
· INR values for Homogeneous deployment assumptions
· Further discuss the following options for PDSCH requirements definition for synchronous network
· Option 1: INRs 5.43 and -1.50 dB in case of 2 interference cells and INR 3.1 dB in case of 1 interference cell
· Option 2: INRs 7.77 and 2.29 dB in case of 2 interference cells and FFS in case of 1 interference cell
· Option 3: INRs 13.91 and 3.34 dB in case of 2 interference cells and FFS in case of 1 interference cell
· Other options are not precluded
· INR values for HetNet deployment assumptions (in case HetNet is agreed)
· Option 1: INRs 11.39 and 5.45 dB (DIPs -1.23 and -7.16 dB)
· Other options are not precluded
· Number of explicitly modeled interference cells
· Companies are encouraged to check performance with 1 and 2 interference cells for initial simulations
· Further discuss the assumptions for requirements definition



Deployment assumptions
In the previous meeting it was agreed to consider Homogeneous deployment assumptions for interference modelling and further discuss whether to consider HetNet deployment assumptions. Based on our understanding, the main difference in assumptions for Homogeneous deployment and HetNet deployment, which has impact on PDSCH testing, is interference profile. We think that ether INR values corresponding to Homogeneous deployment or HetNet deployment can be considered for requirements definition. We don’t see any benefits to define two test cases with different INR values to verify demodulation processing of MMSE-IRC receiver, because the processing is same for different INR conditions. Therefore, at current stage, we see the following options for further discussion:
· Option 1: Use same deployment assumptions (Homogeneous or HetNet) for Demodulation and CSI requirements
· Option 2: Use different deployment assumptions for Demodulation and CSI requirements (i.e. HetNet for Demodulation and Homogeneous for CSI or vice versa).
The benefit of Option 2 that we will cover both deployment assumptions without increasing of number of test cases and will have sufficient test coverage.
Proposal 2:	Further discuss the following options on interference modelling for different deployment assumptions:
· Option 1: Use same deployment assumptions (Homogeneous or HetNet) for Demodulation and CSI requirements
· Option 2: Use different deployment assumptions for Demodulation and CSI requirements (i.e. HetNet for Demodulation and Homogeneous for CSI or vice versa).

INR values for Homogeneous deployment assumptions
In the previous meeting several options on INR values were captured in WF. Option 1 is from LTE MMSE-IRC requirements and Options 2 and 3 are from LTE NAICS requirements. Based on our system level analysis from previous meeting [2], NAICS INR values are closer to typical NR interference conditions. Same time, we can observe that we don’t have INR values for Option 2 and 3 in case requirements will be defined for scenario with single interference cell modelling. 
Based on LTE NAICS TR 36.866 [3], we have the following INR definition:


where α is resource utilization factor which can be equal to 40 or 60%.
In case we want to calculate INR values in case single cell is used in the test we can use the following equation:

In TR 36.866 [3] we have two values for INR2 (median and mean), and it is not straightforward which one to use for calculation of INR1 in scenario with one explicit interference cell modelling. Therefore, we prepare the system level analysis (Table 2) for one NR scenario (UMa 2 GHz) to understand which value is better to use to get INR values rather close to that we can get explicitly from system level results. The detailed simulation assumptions can be found in our paper [2].

[bookmark: _Ref85816802][bookmark: _Ref85816798]Table 2. System level analysis for UMa 2GHz
	SINR region
	RU factor
	INR1 region
	NR UMa 2 GHz

	
	
	
	2 interference cells
	1 interference cell

	
	
	
	INR1
	INR2
median
	INR2
mean
	INR1
(SLS results)
	INR1
(median based)
	INR1
(mean based)

	5-25%
	40%
	20%
	1.91
	-0.05
	-0.05
	0.47
	0.46
	0.46

	
	
	50%
	5.34
	1.74
	2.05
	2.83
	3.31
	3.19

	
	
	80%
	9.25
	4.20
	5.21
	5.63
	6.13
	5.58

	
	60%
	20%
	0.40
	-1.54
	-1.51
	-1.19
	-1.12
	-1.14

	
	
	50%
	3.67
	0.29
	0.53
	1.12
	1.52
	1.42

	
	
	80%
	7.64
	2.48
	3.60
	3.94
	4.50
	3.88

	40-60%
	40%
	20%
	2.88
	0.39
	0.50
	1.22
	1.31
	1.27

	
	
	50%
	7.77
	2.36
	3.19
	4.90
	5.51
	5.14

	
	
	80%
	15.14
	5.45
	8.70
	10.30
	11.33
	9.15

	
	60%
	20%
	1.30
	-1.17
	-1.05
	-0.40
	-0.34
	-0.37

	
	
	50%
	6.10
	0.73
	1.49
	3.16
	3.77
	3.43

	
	
	80%
	13.51
	3.85
	7.17
	8.56
	9.61
	7.35

	75-95%
	40%
	20%
	1.97
	0.14
	0.03
	0.47
	0.47
	0.50

	
	
	50%
	6.09
	2.28
	2.65
	3.68
	3.84
	3.69

	
	
	80%
	12.41
	5.79
	6.95
	7.80
	8.40
	7.66

	
	60%
	20%
	0.38
	-1.26
	-1.34
	-1.18
	-1.23
	-1.20

	
	
	50%
	4.55
	0.54
	1.03
	1.93
	2.30
	2.09

	
	
	80%
	10.86
	4.03
	5.27
	6.12
	6.85
	6.07


From this table we can observe that INR1 values calculated based on Mean INR 2 values are closer to actual INR 1 values derived based on SLS results (Green highlights values which are more close to SLS results). Therefore, we can use this approach to calculate the INR1 values for NAICS scenario 1 using the information from TR 36.866 [3].
In Table 3 we provide our calculation on INR1 values for scenarios with 1interference cell.
[bookmark: _Ref85843877][bookmark: _Ref85843880]Table 3. INR values for LTE NAICS scenario
	SINR region
	RU factor
	INR1 region
	2 interference cells
	1 interference cell

	
	
	
	INR1
	INR2
median
	INR2
mean
	INR1

	5-25%
	40%
	20%
	3.28
	0.74
	0.39
	1.70

	
	
	50%
	7.77
	2.29
	2.38
	5.49

	
	
	80%
	13.91
	3.34
	4.58
	10.59

	
	60%
	20%
	1.94
	-0.56
	-0.88
	0.21

	
	
	50%
	6.33
	0.76
	0.92
	3.92

	
	
	80%
	12.33
	1.67
	2.88
	8.98

	40-60%
	40%
	20%
	2.26
	0.15
	-0.09
	0.82

	
	
	50%
	6.24
	1.54
	1.52
	4.29

	
	
	80%
	12.95
	3.47
	4.42
	9.71

	
	60%
	20%
	0.87
	-1.23
	-1.54
	-0.66

	
	
	50%
	4.75
	-0.11
	-0.05
	2.73

	
	
	80%
	11.37
	1.85
	2.77
	8.08

	75-95%
	40%
	20%
	1.42
	0.69
	0.26
	-0.12

	
	
	50%
	6.73
	5.09
	4.45
	3.48

	
	
	80%
	17.49
	16.19
	15.69
	5.50

	
	60%
	20%
	-0.2
	-0.76
	-1.21
	-1.83

	
	
	50%
	5.18
	3.63
	2.90
	1.82

	
	
	80%
	16.00
	14.71
	14.21
	3.74


From this table we can observe that INR1 = 5.49 dB and INR1 = 10.59 dB can be used as candidates for further link level analysis in case single interference modelling is considered.
In Section 2.4 we provide the initial simulation results for different INR values. From these results, we can observe that using of INRs 5.43 and -1.50 dB (2 interference cells modelling) and INR 3.1 dB (1 interference cell modeling) maybe not sufficient for verification of MMSE-IRC performance, because the performance benefits is around 1 dB for both considered MCS and can be even lower than 1 dB for some conditions (especially in scenario with 1 interference cell modeling). Therefore, to have sufficient MMSE-IRC performance benefits for testing, it is better to consider higher INR values. Also, based on system level analysis of NR scenarios from our paper [2] there are no cases with INRs close to 5.43 and -1.50 dB. Therefore, we suggest to consider INRs 7.77 and 2.29 dB and INRs 13.91 and 3.34 dB in case of 2 interference cells modelling and INR 5.49 dB and INR 10.49 dB in case of 1 interference cell modelling for the further downselection.
As for INR dowselection criteria, we can use the similar criteria as we consider for MCS dowselection in Section 2.3. In case we use criteria SNR-INR > -3dB, we can observe that it is rather hard to meet it for scenario with INRs 13.91 and 3.34 dB and 4 Rx UE. Therefore, for requirements definition we suggest to consider INRs 7.77 and 2.29 dB for scenario with 2 interference cells and INR 5.49 dB for scenario with 1 interference cell.
Proposal 3:	Consider INRs 7.77 and 2.29 dB (2 interference cells) or INR 5.49 dB (1 interference cell) for the definition of MMSE-IRC PDSCH demodulation requirements for inter-cell interference scenario in case Homogeneous deployment assumptions will be used

Number of explicitly modelled interference cells
Another question is how many interference cells should be modelled in the test: 1 or 2. In Figure 2 we provide the system level analysis for NR UMa scenario with 2 GHz CF. In this figure we illustrate the CDF of ratio of the total receive signal power from dominant (explicitly modeled) interference cells to the total receive signal power from all interference cells.
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	[bookmark: _Ref79083038]Figure 2. Analysis for number of dominant interference cells.


Observation #1:	If 1 interference cell is explicitly modelled then the contribution of the total receive signal power from dominant interference cell to the total receive signal power from all interference cells is 50% or less for the 50% of user.
Observation #2:	In 2 interference cells are explicitly modelled then the contribution of the total receive signal power from dominant interference cells to the total receive signal power from all interference cells is 73% or less for the 50% of user
Based on above analysis, it can be observed that explicit modelling of higher number of interference cells will lead to more practical conditions. However, we need to take into account the test complexity. Therefore, we think that explicit modelling of 2 interference cells (i.e. similar to LTE NAICS and some LTE MMSE-IRC requirements) is rather good solution to achieve the trade-off between test complexity and practical conditions.
Also, based on analysis from Section 2.4 we can observe that 2 cells interference modelling allows to achieve slightly higher performance benefits of MMSE-IRC processing in comparison scenario with 1 cell interference modelling for most of considered scenarios.
Proposal 4:	Use explicit modelling of 2 interference cells for the definition of MMSE-IRC PDSCH demodulation requirements for inter-cell interference scenario.
Target PDSCH parameters
In the previous meeting the following agreements were reached on the target PDSCH parameters
	· MCS
· Down selection between MCS 4 and MCS 13 based on results for agreed INR values based on the following criteria
· Option 1: Testable performance benefit (i.e. > 1 dB) of MMSE-IRC vs MMSE-MRC
· Option 2: SINR is not lower than -6 dB
· Option 3: Consider the difference between SNR and INR to avoid possible handover (SNR-INR > -3dB)
· Option 4: SNR > INR
· Other options are not precluded
· Using of multiple options is not precluded
· Interested companies are encouraged to provide views on criteria for MCS down selection


We have multiple criteria for MCS downselection. We think that Option 1 is the main criteria for correct testing of MMSE-IRC processing. As for Options 2-4, these criteria restrict the SNR operating point for considered scenarios. Based on our calculation for all considered scenarios, if we can fulfil Option 3 or Option 4 then we automatically can fulfil Option 2 criteria. Therefore, further discussion is focus on Option 3 and Option 4. We think that Option 3 is rather reasonable criteria which can be used, because 3 dB difference is used as default threshold for intra-frequency cell-reselection procedure in idle mode (TS 38.133 Section 4.2.2.3). However, this value is not really related to handover, because, based on our understanding, handover procedure is described in TS 38.331 Section 5.5.4.4 and is rather flexible from configuration point of view.
In Section 2.3 we provide analysis for MCS 4 and MCS 13. In case we use Option 1 and 3 criteria, we can observe that only MCS 13 can be used for 2 and 4 Rx requirements definition.
Proposal 5:	Use MCS 13 for the definition of MMSE-IRC PDSCH demodulation requirements for inter-cell interference scenario.
Simulation results
In this section we provide our initial simulation results for the following assumptions 
· CBW/SCS: 10 MHz, 15 kHz
· Channel models: TDLA30-10 and TDLC300-100
· Antenna configurations: 2x2 and 2x4
· FRC: Rank 1, MCS 4 and Rank 1, MCS 13
· Interference power profiles:
· Option 1: 5.43 and -1.50 dB
· Option 2: 7.77 and 2.29 dB
· Option 3: 13.91 and 3.34 dB
· Option 4: 3.1 dB
· Option 5: 5.49 dB
· Option 6: 10.59 dB
In Table 4 and Table 5 we provide the summary of simulation results TDL-A and TDL-C channel models respectively.

Table 4. Summary of link level analysis for TDL-A channel model
	Test configuration
	SNR for 70% of max throughput, [dB]
	MMSE-IRC gain, [dB]

	INR1
	INR2
	MCS
	# Rx
	MMSE-MRC
	MMSE-IRC
	

	5.43
	-1.5
	4
	2
	3.2
	2.1
	1.1

	
	
	
	4
	0.5
	-1.7
	2.2

	
	
	13
	2
	10.5
	9.6
	1.0

	
	
	
	4
	7.2
	5.6
	1.6

	3.10
	N/A
	4
	2
	3.3
	2.3
	0.9

	
	
	
	4
	-0.1
	-1.4
	1.3

	
	
	13
	2
	10.9
	10.0
	0.8

	
	
	
	4
	6.9
	5.9
	1.0

	7.77
	2.29
	4
	2
	5.4
	3.8
	1.5

	
	
	
	4
	2.6
	-0.9
	3.5

	
	
	13
	2
	12.6
	11.3
	1.3

	
	
	
	4
	9.3
	6.5
	2.8

	5.49
	N/A
	4
	2
	4.8
	3.2
	1.6

	
	
	
	4
	1.6
	-1.2
	2.7

	
	
	13
	2
	12.4
	10.9
	1.5

	
	
	
	4
	8.4
	6.2
	2.2

	13.91
	3.34
	4
	2
	9.9
	6.4
	3.5

	
	
	
	4
	7.2
	0.1
	7.1

	
	
	13
	2
	17.1
	14.0
	3.1

	
	
	
	4
	13.6
	7.7
	5.9

	10.59
	N/A
	4
	2
	8.9
	5.7
	3.2

	
	
	
	4
	5.7
	-0.6
	6.2

	
	
	13
	2
	16.4
	13.4
	3.1

	
	
	
	4
	12.2
	6.6
	5.6



[bookmark: _Ref85817796]Table 5. Summary of link level analysis for TDL-C channel model
	Test configuration
	SNR for 70% of max throughput, [dB]
	MMSE-IRC gain, [dB]

	INR1
	INR2
	MCS
	# Rx
	MMSE-MRC
	MMSE-IRC
	

	5.43
	-1.5
	4
	2
	3.9
	2.8
	1.2

	
	
	
	4
	1.2
	-0.9
	2.1

	
	
	13
	2
	11.6
	10.7
	0.9

	
	
	
	4
	8.3
	6.7
	1.6

	3.10
	N/A
	4
	2
	3.2
	2.3
	0.9

	
	
	
	4
	0.0
	-1.2
	1.2

	
	
	13
	2
	11.1
	10.4
	0.8

	
	
	
	4
	7.3
	6.5
	0.8

	7.77
	2.29
	4
	2
	6.2
	4.6
	1.5

	
	
	
	4
	3.6
	0.2
	3.4

	
	
	13
	2
	13.8
	12.5
	1.3

	
	
	
	4
	10.5
	7.8
	2.7

	5.49
	N/A
	4
	2
	4.9
	3.2
	1.6

	
	
	
	4
	1.8
	-0.8
	2.6

	
	
	13
	2
	12.7
	11.3
	1.4

	
	
	
	4
	8.9
	6.9
	2.0

	13.91
	3.34
	4
	2
	10.9
	7.5
	3.3

	
	
	
	4
	8.5
	1.9
	6.6

	
	
	13
	2
	18.4
	15.4
	3.0

	
	
	
	4
	15.1
	9.7
	5.4

	10.59
	N/A
	4
	2
	9.1
	6.1
	3.0

	
	
	
	4
	6.3
	0.3
	5.9

	
	
	13
	2
	16.8
	14.1
	2.7

	
	
	
	4
	13.0
	8.0
	5.0



Observation #3:	MMSE-IRC performance benefits are rather same for different channel models.
Observation #4:	MMSE-IRC performance benefits for scenario with INRs 5.43 and -1.50 dB, 2 Rx and 16QAM are less or equal to 1 dB.
Observation #5:	MMSE-IRC performance benefits for scenario with INR 3.10 dB, 2 Rx and 16QAM are less than 1 dB.
Observation #6:	MMSE-IRC performance benefits are higher than 1 dB for all considered scenarios with INR values: 7.77 and 2.29 dB; 5.49 dB; 13.91 and 3.34 dB; 10.59 dB.
Conclusion
In this paper we provided view on UE requirements for MMSE-IRC receiver for scenario with inter-cell interference and made the following proposals and observations:
Proposal 1:	Use the following common test parameters for the definition of MMSE-IRC PDSCH demodulation requirements for inter-cell interference scenario:
· SSB configuration: 
· 2 interference cells modelling: Serving cell SSB and first dominant interference cell SSB are in the different time/frequency resources
· 1 interference cell modelling: Different SSB configurations for Demodulation and CSI tests
· Propagation condition: TDLC300-100
Proposal 2:	Further discuss the following options on interference modelling for different deployment assumptions:
· Option 1: Use same deployment assumptions (Homogeneous or HetNet) for Demodulation and CSI requirements
· Option 2: Use different deployment assumptions for Demodulation and CSI requirements (i.e. HetNet for Demodulation and Homogeneous for CSI or vice versa).
Proposal 3:	Consider INRs 7.77 and 2.29 dB (2 interference cells) or INR 5.49 dB (1 interference cell) for the definition of MMSE-IRC PDSCH demodulation requirements for inter-cell interference scenario in case Homogeneous deployment assumptions will be used
Observation #1:	If 1 interference cell is explicitly modelled then the contribution of the total receive signal power from dominant interference cell to the total receive signal power from all interference cells is 50% or less for the 50% of user.
Observation #2:	In 2 interference cells are explicitly modelled then the contribution of the total receive signal power from dominant interference cells to the total receive signal power from all interference cells is 73% or less for the 50% of user
Proposal 4:	Use explicit modelling of 2 interference cells for the definition of MMSE-IRC PDSCH demodulation requirements for inter-cell interference scenario.
Proposal 5:	Use MCS 13 for the definition of MMSE-IRC PDSCH demodulation requirements for inter-cell interference scenario.
Observation #3:	MMSE-IRC performance benefits are rather same for different channel models.
Observation #4:	MMSE-IRC performance benefits for scenario with INRs 5.43 and -1.50 dB, 2 Rx and 16QAM are less or equal to 1 dB.
Observation #5:	MMSE-IRC performance benefits for scenario with INR 3.10 dB, 2 Rx and 16QAM are less than 1 dB.
Observation #6:	MMSE-IRC performance benefits are higher than 1 dB for all considered scenarios with INR values: 7.77 and 2.29 dB; 5.49 dB; 13.91 and 3.34 dB; 10.59 dB.
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