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1. Introduction
In RAN4#64 meeting, a proposal was made to study a test case that captures the demodulation performance and the CSI operation requirements for advanced receivers. The proposal and the simulation assumptions for FDD and TDD were presented in R4-124938.

The motivation behind this study was to capture scenarios that can detect if the UE is using an IRC receiver for both CSI reporting and demodulation.

In this contribution we provide link level simulation results for FDD and TDD synchronous networks for alignment purposes. We also propose a way forward.
2. Discussion
2.1. PDSCH Throughput
In order to make sure that the UE is using IRC-type receivers for both demodulation and CSI, a test is needed to differentiate among these receivers as discussed in [2].

Proposal 1: Propose adopting CSI test described in R4-124938.
In this contribution, simulation results for CSI/Demod receiver combinations are presented:
1. IRC/IRC: IRC on CSI reporting + IRC on UE demodulation

2. MRC/IRC: MRC on CSI reporting + IRC on UE demodulation

3. IRC/MRC: IRC on CSI reporting + MRC on UE demodulation

4. MRC/MRC: MRC on CSI reporting + MRC on UE demodulation

Since the performance differences of these combinations will be significant only in the case of an explicit interferer case, and will not be as significant in the case where AWGN only is used, a relative throughput metric can be used to differentiate among the receiver types:
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For the interference model, two DIP values were proposed: -0.41 dB and -0.21 dB.

Figures 1-a (FDD) and 1-b (TDD) show the absolute PDSCH throughput simulation results for the four receiver types for the two DIP values (tabular format presented in the Appendix in tables 2 and 3).
Figures 2-a (FDD) and 2-b (TDD) show the relative PDSCH throughput simulation results for the four receiver types for the two DIP values (throughput with explicit interferer relative to throughput with AWGN model).
Proposal 2: Consider using throughout ratio of explicitly modelled interferer to AWGN model as a metric.
From these results, it can be seen that IRC/IRC and MRC/IRC receivers outperforms IRC/MRC and MRC/MRC. In IRC/MRC case, CQI is overestimated and MRC demod sees very high BLER reducing the throughput.
When comparing IRC/IRC and MRC/IRC receivers, DIP value of -0.21 dB has a stronger interferer and hence gives more separation.

Proposal 3: Consider using DIP = -0.21 dB as working assumption for FDD and TDD.
Using this DIP, we can pick a γ value to differentiate between receivers using IRC for demodulation. However, if we take into account implementation margins and additional RAN5 tolerances, the differentiation between IRC/IRC and MRC/IRC can still be questionable.
Observation: Relative throughput is not enough to differentiate between receivers used for CSI, and an additional test metric need to be defined.
A receiver having MRC for CSI will underestimate the CQI and BLER on 1st TX will be minimal. Hence another metric to consider is min BLER on 1st TX.

Figure 1-a: FDD PDSCH Absolute Throughput Simulation Results
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Figure 1-b: TDD PDSCH Absolute Throughput Simulation Results
[image: image4.emf]-4 -2 0 2 4 6 8 10

0

1

2

3

4

5

6

7

8

9

CSI: TM1 TDD DIP -0.41, SF0/SF5 OFF, Serving Cell EPA5L

Receiver = CQI/Demod

PDSCH Throughput

G [dB]

PDSCH Throughput [Mbps]

 

 

IRC/IRC - 1cell

IRC/IRC - 2cell

MRC/IRC - 1cell

MRC/IRC - 2cell

IRC/MRC - 1cell

IRC/MRC - 2cell

MRC/MRC - 1cell

MRC/MRC - 2cell

 [image: image5.emf]-4 -2 0 2 4 6 8 10

0

1

2

3

4

5

6

7

8

9

10

CSI: TM1 TDD DIP -0.21, SF0/SF5 OFF, Serving Cell EPA5L

Receiver = CQI/Demod

PDSCH Throughput

G [dB]

PDSCH Throughput [Mbps]

 

 

IRC/IRC - 1cell

IRC/IRC - 2cell

MRC/IRC - 1cell

MRC/IRC - 2cell

IRC/MRC - 1cell

IRC/MRC - 2cell

MRC/MRC - 1cell

MRC/MRC - 2cell




Figure 2-a: FDD PDSCH Relative Throughput Simulation Results
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Figure 2-b: TDD PDSCH Relative Throughput Simulation Results
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2.2. BLER on 1st TX

Figures 3-a (FDD) and 3-b (TDD) show the BLER on 1st TX performance results. As discussed in section 2.1, using BLER as a metric can easily differentiate between receivers using IRC and MRC for CSI. UEs using MRC receivers for CSI and IRC for demodulation will have very low BLER in this case.
Proposal 4: Consider using BLER on 1st Tx as a metric of differentiation between receivers using IRC and MRC for CSI.
Figure 3-a: FDD BLER on 1st TX Simulation Results
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Figure 3-b: TDD BLER on 1st TX Simulation Results
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3. Proposed Test Points and Way Forward

3.1. CRS-based tests

In this section, we propose test points for consideration for this test. 
To account for sensitivity of the input SNR, and to be consistent with other RAN4 scenarios, we propose two SNR levels separated by and offset of 1 dB to be defined. The test is considered to be verified if the UE meets at least one of two SNR levels.

Proposal 5: For RAN4 consistency, consider using two SNR levels (separated by 1 dB) and test is verified by meeting performance of at least one.
We propose a working range of G = [-2:0] dB at DIP = -0.21 DB. This ensures some level of differentiation between the receivers. More specifically, G = -1.5 dB and -0.5 dB is proposed.
Proposal 6: To ensure some level of differentiation between receivers, consider using G = [-2:0] dB as working assumption (more specifically -1.5 dB and -0.5 dB).
Table 1 below shows the proposed γ and min BLER values to be considered for the alignment.

Figure 4 below shows the relative throughput results for FDD and TDD for DIP = -0.21 dB for G = [-3:0.5:1] dB and the proposed values for γ for G = -1.5 dB and -0.5 dB.
Figure 5 below shows the BLER on 1st TX results for FDD and TDD for DIP = -0.21 dB for G = [-3:0.5:1] dB and the proposed values for min BLER G = -1.5 dB and -0.5 dB.

Proposal 7: Recommend taking the γ and min BLER results presented in this contribution in consideration for alignment purposes.
Table 1: Proposed γ and min BLER for Alignment Purposes

	 
	FDD
	TDD

	Proposed G working assumption [dB]
	[-2:0.5:0]
	[-2:0.5:0]

	Proposed G test points [dB]
	-1.5 and -0.5
	-1.5 and -0.5

	Proposed γ
	2.00
	2.00

	Proposed Min BLER
	0.05
	0.05


Figure 4: Relative throughput results for FDD and TDD for DIP = -0.21 dB for G = [-3:0.5:1] dB
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Figure 5: BLER on 1st TX results for FDD and TDD for DIP = -0.21 dB for G = [-3:0.5:1] dB
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3.2. CSI-RS based tests

The proposal in [2] and the discussion in this contribution are mainly focused on CRS based tests. Same argument can be made to make sure UEs supporting CSI-RS based configurations are indeed using IRC receivers for both DM-RS and CSI-RS.
Proposal 8: Proposed to define a similar test case for CSI-RS. Test case assumptions can be discussed in RAN4#64bis.

4. Conclusion 

In this contribution, simulation results for UEs using different receiver types for CSI and demodulation are presented. The motivation is to differentiate among these receivers and design a test case, where only a UE using IRC for both CSI and demodulation would pass. 
Proposal 1: Propose adopting CSI test described in R4-124938.
Proposal 2: Consider using throughout ratio of explicitly modelled interferer to AWGN model as a metric.

Proposal 3: Consider using DIP = -0.21 dB as working assumption for FDD and TDD.

Proposal 4: Consider using BLER on 1st Tx as a metric of differentiation between receivers using IRC and MRC for CSI.

Proposal 5: For RAN4 consistency, consider using two SNR levels (separated by 1 dB) and test is verified by meeting performance of at least one.
Proposal 6: To ensure some level of differentiation between receivers, consider using G = [-2:0] dB as working assumption (more specifically -1.5 dB and -0.5 dB).

Proposal 7: Recommend taking the γ and min BLER results presented in this contribution in consideration for alignment purposes.

Proposal 8: Proposed to define a similar test case for CSI-RS. Test case assumptions can be discussed in RAN4#64bis.
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5. Appendix
Table 2: FDD Simulation Results

	FDD Tput (Mbps)
DIP = -0.41 dB
	IRC/IRC
1cell
	IRC/IRC
2cell
	MRC/IRC
1cell
	MRC/IRC
2cell
	IRC/MRC
1cell
	IRC/MRC
2cell
	MRC/MRC
1cell
	MRC/MRC
2cell

	-4
	1.89
	5.03
	1.92
	3.82
	1.98
	0.94
	2.00
	2.71

	-2
	2.81
	6.11
	2.84
	5.08
	2.92
	1.15
	2.94
	3.64

	0
	3.83
	7.30
	3.90
	6.54
	3.97
	1.36
	4.02
	4.67

	2
	4.98
	8.55
	5.07
	8.22
	5.15
	1.58
	5.23
	5.79

	4
	6.22
	9.96
	6.36
	10.10
	6.45
	1.93
	6.58
	7.05

	6
	7.67
	11.90
	7.81
	12.20
	7.96
	2.54
	8.10
	8.51

	8
	9.03
	14.30
	9.18
	14.50
	9.36
	3.59
	9.51
	10.10

	10
	10.30
	17.20
	10.30
	16.90
	10.80
	5.48
	10.80
	12.00

	
	
	
	
	
	
	
	
	

	FDD Tput (Mbps)
DIP = -0.21 dB
	IRC/IRC
1cell
	IRC/IRC
2cell
	MRC/IRC
1cell
	MRC/IRC
2cell
	IRC/MRC
1cell
	IRC/MRC
2cell
	MRC/MRC
1cell
	MRC/MRC
2cell


	-4
	1.89
	6.18
	1.92
	4.27
	1.98
	0.64
	2.00
	2.77

	-2
	2.81
	7.21
	2.84
	5.59
	2.92
	0.77
	2.94
	3.66

	0
	3.83
	8.44
	3.90
	7.15
	3.97
	0.87
	4.02
	4.68

	2
	4.98
	10.10
	5.07
	8.93
	5.15
	1.05
	5.23
	5.85

	4
	6.22
	12.00
	6.36
	10.90
	6.45
	1.43
	6.58
	7.12

	6
	7.67
	14.40
	7.81
	13.10
	7.96
	2.20
	8.10
	8.68

	8
	9.03
	17.20
	9.18
	15.40
	9.36
	3.55
	9.51
	10.40

	10
	10.30
	19.60
	10.30
	17.70
	10.80
	5.71
	10.80
	12.40


Table 3: TDD Simulation Results
	TDD Tput (Mbps)
DIP = -0.41 dB
	IRC/IRC
1cell
	IRC/IRC
2cell
	MRC/IRC
1cell
	MRC/IRC
2cell
	IRC/MRC
1cell
	IRC/MRC
2cell
	MRC/MRC
1cell
	MRC/MRC
2cell

	-4
	0.82
	2.20
	0.85
	1.85
	0.87
	0.43
	0.90
	1.20

	-2
	1.18
	2.77
	1.23
	2.47
	1.24
	0.55
	1.29
	1.61

	0
	1.59
	3.48
	1.66
	3.20
	1.67
	0.71
	1.74
	2.09

	2
	2.13
	4.16
	2.23
	4.02
	2.24
	0.89
	2.33
	2.68

	4
	2.78
	4.97
	2.89
	4.91
	2.91
	1.07
	3.01
	3.32

	6
	3.48
	5.87
	3.61
	5.90
	3.64
	1.40
	3.74
	4.04

	8
	4.39
	7.04
	4.49
	6.94
	4.54
	1.86
	4.64
	4.87

	10
	5.31
	8.34
	5.37
	8.09
	5.48
	2.76
	5.54
	5.77

	
	
	
	
	
	
	
	
	

	TDD Tput (Mbps)
DIP = -0.21 dB
	IRC/IRC
1cell
	IRC/IRC
2cell
	MRC/IRC
1cell
	MRC/IRC
2cell
	IRC/MRC
1cell
	IRC/MRC
2cell
	MRC/MRC
1cell
	MRC/MRC
2cell

	-4
	0.82
	2.90
	0.85
	2.09
	0.87
	0.31
	0.90
	1.23

	-2
	1.18
	3.55
	1.23
	2.75
	1.24
	0.40
	1.29
	1.66

	0
	1.59
	4.23
	1.66
	3.51
	1.67
	0.50
	1.74
	2.15

	2
	2.13
	4.98
	2.23
	4.37
	2.24
	0.62
	2.33
	2.72

	4
	2.78
	5.97
	2.89
	5.25
	2.91
	0.80
	3.01
	3.34

	6
	3.48
	7.04
	3.61
	6.32
	3.64
	1.10
	3.74
	4.08

	8
	4.39
	8.32
	4.49
	7.39
	4.54
	1.72
	4.64
	4.95

	10
	5.31
	9.51
	5.37
	8.53
	5.48
	2.79
	5.54
	5.90
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