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1. Introduction 
In RAN4#108 demodulation requirements for multi-RX in FR2 were discussed and way forward [1] was agreed.  In this contribution we present simulation results for PDSCH performance evaluation with multi-RX reception on the DL in FR2.   
2. Simulation Results
We present initial performance evaluation results with different crosstalk levels for sDCI and mDCI transmission schemes agreed. The purpose of this evaluation is to understand the feasible test configurations for introducing requirements for multi-RX in FR2.  For initial evaluation of performance of PDSCH the following simulation parameters were used based on agreements in [1]. 

· Single DCI SDM:
· MCS/Layers 
· 1+1 – MCS 17,
· 2+2 – MCS 13
· UE processing
· Joint processing
· Separate processing
· FO/TO for TRP2
· 0 Hz, 0.25us
· 600 Hz, -0.0625us
· Multi DCI Non overlapping:
· MCS/Layers: 2+2 – MCS 17, 13
· UE processing: separate processing
· FO/TO for TRP2: 600 Hz, -0.0625us
· Multi DCI Fully overlapping
· MCS/Layers
· 1+1 – MCS 17
· 2+2 – MCS 13 
· UE processing:
· Joint processing
· Separate processing
· FO/TO for TRP2
· 0 Hz, 0.25us
· 600 Hz, -0.0625us

· Channel Model: TDLA30-75
· Cross talk values
·   =  -15, -12, -9, -6 dB
· SCS/CBW: 120KHz/100MHz
· Receiver assumption: MMSE-IRC

3.1 Multi-DCI Transmission Scheme

Separate processing
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Observations: 
· With separate processing, non-overlapping PDSCH performance is not impacted with different levels of crosstalk.
· For overlapping PDSCH, 1 layer per TRP is not severely degraded with crosstalk.
· For overlapping PDSCH with 2 layers per TRP, performance is severely degraded.
Observation #1:  Multi-DCI with non-overlapping PDSCH is not severely impacted by cross talk.
Observation #2:  Multi-DCI with 1 layer per TRP overlapping PDSCH is not severely impacted by cross talk with separate processing.
Observation #3:  Multi-DCI with 2 layers per TRP overlapping PDSCH is severely impacted by cross talk with separate processing.

Joint processing
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Observations: 
· For overlapping PDSCH joint processing is more robust to crosstalk.
· For 2+2 overlapping, only joint processing is feasible.

Observation #4:  For multi-DCI with 1 or 2 layers per TRP overlapping PDSCH, joint processing is more robust to cross talk.
Observation #5:  Multi-DCI with overlapping PDSCH and 2 layers per TRP, only joint processing is feasible.

Table 1: Simulation results for mDCI
	MCS
	Layer per TRP/ scheme
	TO/FO
	UE Processing
	r
	SNR @ 70% Max TP

	MCS17
	2L-Non overlapping
	Freq offset 600Hz
Time offset -0.0625us
	Separate Processing
	-15
	16.5

	
	
	
	
	-12
	16.7

	
	
	
	
	-9
	17.1

	
	
	
	
	-6
	17.5

	MCS13
	2L-Non overlapping
	Freq offset 600Hz
Time offset -0.0625us
	Separate Processing
	-15
	12.1

	
	
	
	
	-12
	12.2

	
	
	
	
	-9
	12.6

	
	
	
	
	-6
	13.1

	MCS17
	1L-Overlapping
	Freq offset 0Hz
Time offset 0.25us
	Separate Processing

	-15
	10.8

	
	
	
	
	-12
	11.5

	
	
	
	
	-9
	12.7

	
	
	
	
	-6
	14.0

	MCS13
	2L-Overlapping
	Freq offset 600Hz
Time offset -0.0625us
	Separate Processing
	-15
	14.9

	
	
	
	
	-12
	19.8 (Doesn’t reach max TP)

	
	
	
	
	-9
	N/A

	
	
	
	
	-6
	N/A

	MCS17
	1L-Overlapping
	Freq offset 0Hz
Time offset 0.25us
	Joint Processing

	-15
	9.6

	
	
	
	
	-12
	9.7

	
	
	
	
	-9
	9.9

	
	
	
	
	-6
	10.3

	MCS13
	2L-Overlapping
	Freq offset 600Hz
Time offset -0.0625us
	Joint Processing
	-15
	12.7

	
	
	
	
	-12
	13.0

	
	
	
	
	-9
	13.5

	
	
	
	
	-6
	14.1



3.2 Single-DCI SDM Transmission Scheme
Separate processing
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Observations: 
· 1+1 configuration is not severely degraded with crosstalk.
· For 2+2 configuration performance is severely degraded.

Observation #6:  Single-DCI SDM with 1 layer per TRP is not severely impacted by cross talk with separate processing.
Observation #7:  Single-DCI SDM with 2 layers per TRP is severely impacted by cross talk with separate processing.

Joint processing
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Observations: 
· For overlapping PDSCH with single DCI SDM, joint processing is robust to crosstalk.
· 2+2 – 4 layer transmission is only feasible with joint processing. 
Observation #8:  For single-DCI SDM with 1 or 2 layers per TRP, joint processing is robust to cross talk.
Observation #9:  4 layer transmission with sDCI SDM is only possible with joint processing. 

Table 1: Simulation results for sDCI SDM
	MCS
	Layer combination
	TO/FO
	UE Processing
	r
	SNR @ 70% Max TP

	MCS17
	1+1
	Freq offset 600Hz
Time offset -0.0625us
	Separate Processing

	-15
	10.5

	
	
	
	
	-12
	11.4

	
	
	
	
	-9
	12.4

	
	
	
	
	-6
	13.9

	MCS13
	2+2
	Freq offset 0Hz
Time offset 0.25us
	Separate Processing
	-15
	17.5 (Doesn’t reach max TP)

	
	
	
	
	-12
	N/A

	
	
	
	
	-9
	N/A

	
	
	
	
	-6
	N/A

	MCS17
	1+1
	Freq offset 600Hz
Time offset -0.0625us
	Joint Processing

	-15
	9.0

	
	
	
	
	-12
	9.2

	
	
	
	
	-9
	9.3

	
	
	
	
	-6
	9.5

	MCS13
	2+2
	Freq offset 0Hz
Time offset 0.25us
	Joint Processing
	-15
	13.9

	
	
	
	
	-12
	14.1

	
	
	
	
	-9
	14.3

	
	
	
	
	-6
	14.5




3. Conclusion
In this paper, we provide initial performance evaluation results for PDSCH demodulation with multi-RX reception on the DL in FR2. Our observations are captured below:

Observation #1:  Multi-DCI with non-overlapping PDSCH is not severely impacted by cross talk.
Observation #2:  Multi-DCI with 1 layer per TRP overlapping PDSCH is not severely impacted by cross talk with separate processing.
Observation #3:  Multi-DCI with 2 layers per TRP overlapping PDSCH is severely impacted by cross talk with separate processing.
Observation #4:  For multi-DCI with 1 or 2 layers per TRP overlapping PDSCH, joint processing is more robust to cross talk.
Observation #5:  Multi-DCI with overlapping PDSCH and 2 layers per TRP, only joint processing is feasible.
Observation #6:  Single-DCI SDM with 1 layer per TRP is not severely impacted by cross talk with separate processing.
Observation #7:  Single-DCI SDM with 2 layers per TRP is severely impacted by cross talk with separate processing.
Observation #8:  For single-DCI SDM with 1 or 2 layers per TRP, joint processing is robust to cross talk.
Observation #9:  4 layer transmission with sDCI SDM is only possible with joint processing. 


Reference
[1]. R4-2316963, “WF on NR_FR2_multiRX_DL_Demod”, Qualcomm.  

image6.emf
Rel TP

MCS13 2L-Overlapping Joint Processing Freq offset 600Hz Time offset -0.0625us
T | |

m—— rh0=-15

—— rh0=-12
rho=-9

—— h0=-6

0 | | |

10 15 20 25
SNR(dB)









10 15 20 25 30

SNR(dB)

0

10

20

30

40

50

60

70

80

90

100

R

e

l

 

T

P

MCS13 2L-Overlapping Joint Processing Freq offset 600Hz Time offset -0.0625us

 rho=-15

 rho=-12

 rho=-9

 rho=-6


image7.emf
Rel TP

100

90

80

70

60

50

40

30

20

10

MCS17 1+1 Separate Processing Freq offset 600Hz Time offset -0.0625us

rho=-15
rho=-12
rho=-9
rho=-6

10

15

20
SNR(dB)

25

30









10 15 20 25 30

SNR(dB)

0

10

20

30

40

50

60

70

80

90

100

R

e

l

 

T

P

 MCS17 1+1 Separate Processing Freq offset 600Hz Time offset -0.0625us

 rho=-15

 rho=-12

 rho=-9

 rho=-6


image8.emf
Rel TP

100

90 |-

70 -

50 -

30 -

20 |

MCS13 2+2 Separate Processing Freq offset OHz Time offset 0.25us
T T T

rho=-15
rho=-12
rho=-9
rho=-6

L /

15

20
SNR(dB)

25

30









10 15 20 25 30

SNR(dB)

0

10

20

30

40

50

60

70

80

90

100

R

e

l

 

T

P

 MCS13 2+2 Separate Processing Freq offset 0Hz Time offset 0.25us

 rho=-15

 rho=-12

 rho=-9

 rho=-6


image9.emf
Rel TP

100

90

80

70

60

50

40

30

20

10

MCS17 1+1 Joint Processing Freq offset 600Hz Time offset -0.0625us
T | |

rho=-15
rho=-12
rho=-9
rho=-6

10

15
SNR(dB)

20

25









5 10 15 20 25

SNR(dB)

0

10

20

30

40

50

60

70

80

90

100

R

e

l

 

T

P

 MCS17 1+1 Joint Processing Freq offset 600Hz Time offset -0.0625us

 rho=-15

 rho=-12

 rho=-9

 rho=-6


image10.emf
Rel TP

100

MCS13 2+2 Joint Processing Freq offset OHz Time offset 0.25us
T | |

rho=-15
rho=-12
rho=-9
rho=-6

20 25
SNR(dB)

30









10 15 20 25 30

SNR(dB)

0

10

20

30

40

50

60

70

80

90

100

R

e

l

 

T

P

 MCS13 2+2 Joint Processing Freq offset 0Hz Time offset 0.25us

 rho=-15

 rho=-12

 rho=-9

 rho=-6


image1.emf
Rel TP

MCS17 1L-Overlapping Separate Processing Freq offset OHz Time offset 0.25us

m—— rh0=-15
—— rh0=-12
rho=-9 ||
e 'N0=-6
0 | | |
10 15 20 25 30

SNR(dB)









10 15 20 25 30

SNR(dB)

0

10

20

30

40

50

60

70

80

90

100

R

e

l

 

T

P

MCS17 1L-Overlapping Separate Processing Freq offset 0Hz Time offset 0.25us

 rho=-15

 rho=-12

 rho=-9

 rho=-6


image2.emf
Rel TP

100MC813 2L-Overlapping Separate Processing Freq offset 600Hz Time
T T 1

offset -0.0625us

m—— rh0=-15
—— rh0=-12
rho=-9 | |
e 'N0=-6
—
0 | | |
10 15 20 25 30

SNR(dB)









10 15 20 25 30

SNR(dB)

0

10

20

30

40

50

60

70

80

90

100

R

e

l

 

T

P

MCS13 2L-Overlapping Separate Processing Freq offset 600Hz Time offset -0.0625us

 rho=-15

 rho=-12

 rho=-9

 rho=-6


image3.emf
Rel TP

MCS17 2L-Non overlapping Separate Processing Freq offset 600Hz Time offset -0.0625us
T I 1

100
m—— rh0=-15
—— rh0=-12
rho=-9 ||
e 'N0=-6
0 | | |
10 15 20 25 30

SNR(dB)









10 15 20 25 30

SNR(dB)

0

10

20

30

40

50

60

70

80

90

100

R

e

l

 

T

P

MCS17 2L-Non overlapping Separate Processing Freq offset 600Hz Time offset -0.0625us

 rho=-15

 rho=-12

 rho=-9

 rho=-6


image4.emf
Rel TP

MCS13 2L-Non overlapping Separate Processing Freq offset 600Hz Time offset -0.0625us
T | |

SNR(dB)

100
rho=-15
rho=-12
rho=-9 |
rho=-6
10 | | |
10 15 20 25 30









10 15 20 25 30

SNR(dB)

10

20

30

40

50

60

70

80

90

100

R

e

l

 

T

P

MCS13 2L-Non overlapping Separate Processing Freq offset 600Hz Time offset -0.0625us

 rho=-15

 rho=-12

 rho=-9

 rho=-6


image5.emf
Rel TP

100 MCS17 1L-Overlapping Joint Processing Freq offset OHz Time offset 0.25us

rho=-15
rho=-12
rho=-9
rho=-6

15 20 25
SNR(dB)

30









10 15 20 25 30

SNR(dB)

65

70

75

80

85

90

95

100

R

e

l

 

T

P

MCS17 1L-Overlapping Joint Processing Freq offset 0Hz Time offset 0.25us

 rho=-15

 rho=-12

 rho=-9

 rho=-6


