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Introduction
In the RAN4#107 [1], simulation configurations including the channel model was agreed. Further agreements were reached in the RAN#108 [2] and RAN#108bis [3] discussions regarding the simulation parameters and the PDSCH demodulation configurations for the simulations.
This paper contains Nokia’s simulation results for Multi Rx.

Simulation Configuration
Based on the agreements in RAN4#108bis, the following applies for simulation setup used for our simulations:
Table 1: The simulation parameters
	
	
	Notes

	sDCI Separate Processing
	MIMO detector processing 2Rx and li layers per TRP
	

	sDCI Joint Processing
	MIMO detector processing 4Rx and l1 + l2 layers across both TRP
	

	mDCI Separate Processing
	MIMO detector processing 2Rx and li layers per TRP
	

	mDCI Joint Processing
	MIMO detector processing 4Rx and l1 + l2 layers across both TRP
	

	Receiver (separate and joint)
	MMSE-IRC
	

	Channel model
	TDLA30-75 + correlation/cross-talk model
	

	Carrier frequency
	FR2-1, 30 GHz
	

	CBW/SCS
	100MHz/120kHz
	

	Antenna configuration
	2x2, XPL per TRP
	

	DMRS symbol allocation
	(2,11) symbol indexes
	

	Cross-correlation coefficient (Gamma)
	0.0625
	

	PDSCH resource allocation
	66 per TRP & 32 per TRP
	66 per TRP for 3.2.2 & 3.2.3
32 per TRP for 3.1.2

	MCS index (MCS table 1)
	64QAM, 0.43 (MCS17) & 16QAM, 0.48 (MCS13)
	MCS13 for 3.1.2 & 3.2.3
MCS17 for 3.2.2

	Time offset / Frequency offset
	Option 1: (0us, 0Hz)
Option 2: (-0.0625us, 600Hz)
Option 3: (0.25us, 0Hz)
	



Simulation Results
mDCI non-overlapping
Agreed simulation configuration (RAN4#108bis) 
In RAN4#108bis following simulation parameters were agreed for the mDCI non-overlapping configuration [3].
	Parameter
	Unit
	Value

	
	
	TRxP #1(Note 1)
	TRxP #2(Note 1)

	Transmit TRxP of SSB
	
	TRxP #1

	PDCCH configuration
	TCI state
	
	TCI State #1
	TCI State #2

	
	CORESETPoolIndex
	
	0,1

	Duplex mode
	
	TDD

	Active DL BWP index
	
	1

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S) 
	
	1

	
	Length (L)
	
	Specific to each Reference channel as defined in A.3.2.2

	
	PRB bundling type
	
	Static

	
	PRB bundling size
	
	2

	
	Resource allocation type
	
	Type 1

	
	RBG size
	
	Config2

	
	VRB-to-PRB mapping type
	
	Non-interleaved

	
	VRB-to-PRB mapping interleaver bundle size
	
	N/A

	PDSCH DMRS configuration
	Antenna port indexes
	
	2+2: {1000,1001}
	2+2: {1002,1003}

	
	TCI state
	
	TCI State #1
	TCI State #2

	
	DMRS Type
	
	Type 1

	
	Number of additional DMRS
	
	1

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	
	1

	Resource allocation
	
	non-overlapping

	Precoding configuration
	
	SP Type I, independent precoding generation is applied for both TRxPs, random per slot with PRB bundling granularity.

	Note 1: 	PDSCH transmission is done from both TRxPs. Transmission from TRxP #1 uses CORESETPoolIndex 0 and transmission from TRxP #2 uses CORESETPoolIndex 1



[bookmark: _Ref149141580]Simulation results for Rank 2+2 non-overlapping with MCS13 – Separate processing.
Simulation results given under the subsection 3.1.2 consider the multi TRP scheme with 2Tx2Rx antenna configuration and (2+2) layer combination for different values of crosstalk interference (rho) using MCS13. Cross-polarization correlation coefficient of 0.0625 was used for the simulations.
The simulation results with time and frequency offset of (-0.0625us, 600Hz) respectively are shown in Figure 1.
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[bookmark: _Ref149739318]Figure 1: mDCI non-overlapping Rank 2+2 with MCS13 – Separate processing (-0.0625us, 600Hz).

Table 2: Results for mDCI non-overlapping Rank 2+2 with MCS13 – Separate processing (-0.0625us, 600Hz).
	Simulation Configuration
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	TDD UL-DL pattern
	MCS
	Rank
	Channel Model
	Antenna Configuration
(2Tx 2Rx)
(α=β=0, γ=0.0625)
	RB Allocation Size
	Cross talk factor (rho) - dB
	Fraction of maximum throughput (%)
	SNRBB (dB)

	mDCI
non-overlapping 
Rank 2+2
(-0.0625us, 600Hz)
	100/120
	FR2.120-1
	MCS13
	2+2
	TDLA30-75
	2x2 XPL
	32/32
	No Crosstalk
	70
	10.0

	
	100/120
	FR2.120-1
	MCS13
	2+2
	TDLA30-75
	2x2 XPL
	32/32
	-15
	70
	10.1

	
	100/120
	FR2.120-1
	MCS13
	2+2
	TDLA30-75
	2x2 XPL
	32/32
	-12
	70
	10.2

	
	100/120
	FR2.120-1
	MCS13
	2+2
	TDLA30-75
	2x2 XPL
	32/32
	-9
	70
	10.5

	
	100/120
	FR2.120-1
	MCS13
	2+2
	TDLA30-75
	2x2 XPL
	32/32
	-6
	70
	11.0



It can be observed from the simulation results that the effect of crosstalk interference on the demodulation performance is significantly lower for the mDCI non-overlapping scenario.
The effect of crosstalk interference on the demodulation performance is still measurable for the mDCI non-overlapping scenario, but with much lower impact.

mDCI Fully-overlapping
Agreed simulation configuration (RAN4#108bis)
In RAN4#108bis following simulation parameters were agreed for the mDCI fully-overlapping configuration [3].
	Parameter
	Unit
	Value

	
	
	TRxP #1(Note 1)
	TRxP #2(Note 1)

	Transmit TRxP of SSB
	
	TRxP #1

	PDCCH configuration
	TCI state
	
	TCI State #1
	TCI State #2

	
	CORESETPoolIndex
	
	0,1

	Duplex mode
	
	TDD

	Active DL BWP index
	
	1

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S) 
	
	1

	
	Length (L)
	
	Specific to each Reference channel as defined in A.3.2.2

	
	PRB bundling type
	
	Static

	
	PRB bundling size
	
	2

	
	Resource allocation type
	
	Type 1

	
	RBG size
	
	Config2

	
	VRB-to-PRB mapping type
	
	Non-interleaved

	
	VRB-to-PRB mapping interleaver bundle size
	
	N/A

	PDSCH DMRS configuration
	Antenna port indexes
	
	1+1: {1000}
2+2: {1000,1001}
	1+1: {1002}
{1002,1003}

	
	TCI state
	
	TCI State #1
	TCI State #2

	
	DMRS Type
	
	Type 1

	
	Number of additional DMRS
	
	1

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	
	1

	Resource allocation
	
	Fully-overlapping

	Precoding configuration
	
	SP Type I, independent precoding generation is applied for both TRxPs, random per slot with PRB bundling granularity.

	Note 1: 	PDSCH transmission is done from both TRxPs. Transmission from TRxP #1 uses CORESETPoolIndex 0 and transmission from TRxP #2 uses CORESETPoolIndex 1



[bookmark: _Ref149133389]Simulation results for Rank 1+1 fully-overlapping with MCS17 – Separate processing.
Simulation results given under the subsection 3.2.2 consider the multi TRP scheme with 2Tx2Rx antenna configuration and (1+1) layer combination for different values of crosstalk interference (rho) using MCS17. Cross-polarization correlation coefficient of 0.0625 was used for the simulations.
The simulation results without time or frequency offset are shown in Figure 2.
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[bookmark: _Ref144974448][bookmark: _Hlk149134591]Figure 2: mDCI fully-overlapping Rank 1+1 with MCS17 – Separate processing (without time and frequency offsets).

Table 3: Results for mDCI fully-overlapping Rank 1+1 with MCS17 – Separate processing (without time and frequency offsets).
	Simulation Configuration
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	TDD UL-DL pattern
	MCS
	Rank
	Channel Model
	Antenna Configuration
(2Tx 2Rx)
(α=β=0, γ=0.0625)
	RB Allocation Size
	Cross talk factor (rho) - dB
	Fraction of maximum throughput (%)
	SNRBB (dB)

	mDCI
fully-overlapping 
Rank 1+1
(0us, 0Hz)
	100/120
	FR2.120-1
	MCS17
	1+1
	TDLA30-75
	2x2 XPL
	66
	No Crosstalk
	70
	9.1

	
	100/120
	FR2.120-1
	MCS17
	1+1
	TDLA30-75
	2x2 XPL
	66
	-15
	70
	10.0

	
	100/120
	FR2.120-1
	MCS17
	1+1
	TDLA30-75
	2x2 XPL
	66
	-12
	70
	11.3

	
	100/120
	FR2.120-1
	MCS17
	1+1
	TDLA30-75
	2x2 XPL
	66
	-9
	70
	16.3

	
	100/120
	FR2.120-1
	MCS17
	1+1
	TDLA30-75
	2x2 XPL
	66
	-6
	70
	N/A



The simulation results with time and frequency offset of (-0.0625us, 600Hz) respectively are shown in Figure 3.
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[bookmark: _Ref149723766]Figure 3: mDCI fully-overlapping Rank 1+1 with MCS17 – Separate processing (-0.0625us, 600Hz).

Table 4: Results for mDCI fully-overlapping Rank 1+1 with MCS17 – Separate processing (-0.0625us, 600Hz).
	Simulation Configuration
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	TDD UL-DL pattern
	MCS
	Rank
	Channel Model
	Antenna Configuration
(2Tx 2Rx)
(α=β=0, γ=0.0625)
	RB Allocation Size
	Cross talk factor (rho) - dB
	Fraction of maximum throughput (%)
	SNRBB (dB)

	mDCI
fully-overlapping 
Rank 1+1
(-0.0625us, 600Hz)
	100/120
	FR2.120-1
	MCS17
	1+1
	TDLA30-75
	2x2 XPL
	66
	No Crosstalk
	70
	9.1

	
	100/120
	FR2.120-1
	MCS17
	1+1
	TDLA30-75
	2x2 XPL
	66
	-15
	70
	10.0

	
	100/120
	FR2.120-1
	MCS17
	1+1
	TDLA30-75
	2x2 XPL
	66
	-12
	70
	11.3

	
	100/120
	FR2.120-1
	MCS17
	1+1
	TDLA30-75
	2x2 XPL
	66
	-9
	70
	16.3

	
	100/120
	FR2.120-1
	MCS17
	1+1
	TDLA30-75
	2x2 XPL
	66
	-6
	70
	N/A



The simulation results with time and frequency offset of (0.25us, 0Hz) respectively are shown in Figure 4.
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[bookmark: _Ref149739383]Figure 4: mDCI fully-overlapping Rank 1+1 with MCS17 – Separate processing (0.25us, 0Hz).

Table 5: Results for mDCI fully-overlapping Rank 1+1 with MCS17 – Separate processing (0.25us, 0Hz).
	Simulation Configuration
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	TDD UL-DL pattern
	MCS
	Rank
	Channel Model
	Antenna Configuration
(2Tx 2Rx)
(α=β=0, γ=0.0625)
	RB Allocation Size
	Cross talk factor (rho) - dB
	Fraction of maximum throughput (%)
	SNRBB (dB)

	mDCI
fully-overlapping 
Rank 1+1
(0.25us, 0Hz)
	100/120
	FR2.120-1
	MCS17
	1+1
	TDLA30-75
	2x2 XPL
	66
	No Crosstalk
	70
	9.1

	
	100/120
	FR2.120-1
	MCS17
	1+1
	TDLA30-75
	2x2 XPL
	66
	-15
	70
	10.0

	
	100/120
	FR2.120-1
	MCS17
	1+1
	TDLA30-75
	2x2 XPL
	66
	-12
	70
	11.3

	
	100/120
	FR2.120-1
	MCS17
	1+1
	TDLA30-75
	2x2 XPL
	66
	-9
	70
	16.3

	
	100/120
	FR2.120-1
	MCS17
	1+1
	TDLA30-75
	2x2 XPL
	66
	-6
	70
	N/A



It can be observed from the simulation results that with higher crosstalk interference, it significantly reduces the achievable maximum throughput when separate processing is used. This behavior can be observed for all the three combinations of time and frequency offset used.
Additionally, it can be observed from the simulation results that the use of the agreed time and frequency offset combinations does not degrade the demodulation performance.
The simulation results obtained without the added impairments of time and frequency offset and with the addition of corresponding time and frequency offset combinations of (-0.0625us, 600Hz) and (0.25us, 0Hz) are identical for the scenario of mDCI fully-overlapping Rank 1+1 with MCS17 using separate processing.

[bookmark: _Ref149133412]Simulation results for Rank 2+2 fully-overlapping with MCS13 – Separate processing.
Simulation results given under the subsection 3.2.3 consider the multi TRP scheme with 2Tx2Rx antenna configuration and (2+2) layer combination for different values of crosstalk interference (rho) using MCS13. Cross-polarization correlation coefficient of 0.0625 was used for the simulations.

The simulation results without time or frequency offset are shown in Figure 5.
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[bookmark: _Ref149739397]Figure 5: mDCI fully-overlapping Rank 2+2 with MCS13 – Separate processing (without time and frequency offsets).

Table 6: Results for mDCI fully-overlapping Rank 2+2 with MCS13 – Separate processing (without time and frequency offsets).
	Simulation Configuration
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	TDD UL-DL pattern
	MCS
	Rank
	Channel Model
	Antenna Configuration
(2Tx 2Rx)
(α=β=0, γ=0.0625)
	RB Allocation Size
	Cross talk factor (rho) - dB
	Fraction of maximum throughput (%)
	SNRBB (dB)

	mDCI
fully-overlapping 
Rank 2+2
(0us, 0Hz)
	100/120
	FR2.120-1
	MCS13
	2+2
	TDLA30-75
	2x2 XPL
	66
	No Crosstalk
	70
	10.0

	
	100/120
	FR2.120-1
	MCS13
	2+2
	TDLA30-75
	2x2 XPL
	66
	-15
	70
	11.5

	
	100/120
	FR2.120-1
	MCS13
	2+2
	TDLA30-75
	2x2 XPL
	66
	-12
	70
	13.7

	
	100/120
	FR2.120-1
	MCS13
	2+2
	TDLA30-75
	2x2 XPL
	66
	-9
	70
	N/A

	
	100/120
	FR2.120-1
	MCS13
	2+2
	TDLA30-75
	2x2 XPL
	66
	-6
	70
	N/A



The simulation results with time and frequency offset of (-0.0625us, 600Hz) respectively are shown in Figure 6
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[bookmark: _Ref149739409]Figure 6: mDCI fully-overlapping Rank 2+2 with MCS13 – Separate processing (-0.0625us, 600Hz).

Table 7: Results for mDCI fully-overlapping Rank 2+2 with MCS13 – Separate processing (-0.0625us, 600Hz).
	Simulation Configuration
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	TDD UL-DL pattern
	MCS
	Rank
	Channel Model
	Antenna Configuration
(2Tx 2Rx)
(α=β=0, γ=0.0625)
	RB Allocation Size
	Cross talk factor (rho) - dB
	Fraction of maximum throughput (%)
	SNRBB (dB)

	mDCI
fully-overlapping 
Rank 2+2
(-0.0625us, 600Hz)
	100/120
	FR2.120-1
	MCS13
	2+2
	TDLA30-75
	2x2 XPL
	66
	No Crosstalk
	70
	10.0

	
	100/120
	FR2.120-1
	MCS13
	2+2
	TDLA30-75
	2x2 XPL
	66
	-15
	70
	11.5

	
	100/120
	FR2.120-1
	MCS13
	2+2
	TDLA30-75
	2x2 XPL
	66
	-12
	70
	13.7

	
	100/120
	FR2.120-1
	MCS13
	2+2
	TDLA30-75
	2x2 XPL
	66
	-9
	70
	N/A

	
	100/120
	FR2.120-1
	MCS13
	2+2
	TDLA30-75
	2x2 XPL
	66
	-6
	70
	N/A



The simulation results with time and frequency offset of (0.25us, 0Hz) respectively are shown in Figure 7.
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[bookmark: _Ref149739428]Figure 7: mDCI fully-overlapping Rank 2+2 with MCS13 – Separate processing (0.25us, 0Hz).

Table 8: Results for mDCI fully-overlapping Rank 2+2 with MCS13 – Separate processing (0.25us, 0Hz).
	Simulation Configuration
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	TDD UL-DL pattern
	MCS
	Rank
	Channel Model
	Antenna Configuration
(2Tx 2Rx)
(α=β=0, γ=0.0625)
	RB Allocation Size
	Cross talk factor (rho) - dB
	Fraction of maximum throughput (%)
	SNRBB (dB)

	mDCI
fully-overlapping 
Rank 2+2
(0.25us, 0Hz)
	100/120
	FR2.120-1
	MCS13
	2+2
	TDLA30-75
	2x2 XPL
	66
	No Crosstalk
	70
	10.0

	
	100/120
	FR2.120-1
	MCS13
	2+2
	TDLA30-75
	2x2 XPL
	66
	-15
	70
	11.5

	
	100/120
	FR2.120-1
	MCS13
	2+2
	TDLA30-75
	2x2 XPL
	66
	-12
	70
	13.7

	
	100/120
	FR2.120-1
	MCS13
	2+2
	TDLA30-75
	2x2 XPL
	66
	-9
	70
	N/A

	
	100/120
	FR2.120-1
	MCS13
	2+2
	TDLA30-75
	2x2 XPL
	66
	-6
	70
	N/A



It can be observed from the simulation results that with higher crosstalk interference, it significantly reduces the achievable maximum throughput when separate processing is used. This behavior can be observed for all the three combinations of time and frequency offset used.
Additionally, it can be observed from the simulation results that the use of the agreed time and frequency offset combinations does not degrade the demodulation performance.
The simulation results obtained without the added impairments of time and frequency offset and with the addition of corresponding time and frequency offset combinations of (-0.0625us, 600Hz) and (0.25us, 0Hz) are identical for the scenario of mDCI fully-overlapping Rank 2+2 with MCS13 using separate processing.

[bookmark: _Toc116995848]Conclusion
[bookmark: _Toc116995849]Within this contribution we have presented our simulation results for the performance alignment of PDSCH requirements of FR2 multi-RX downlink demodulation requirements.
We have made following observations within the contribution,
1. The effect of crosstalk interference on the demodulation performance is still measurable for the mDCI non-overlapping scenario, but with much lower impact.
The simulation results obtained without the added impairments of time and frequency offset and with the addition of corresponding time and frequency offset combinations of (-0.0625us, 600Hz) and (0.25us, 0Hz) are identical for the scenario of mDCI fully-overlapping Rank 1+1 with MCS17 using separate processing.
The simulation results obtained without the added impairments of time and frequency offset and with the addition of corresponding time and frequency offset combinations of (-0.0625us, 600Hz) and (0.25us, 0Hz) are identical for the scenario of mDCI fully-overlapping Rank 2+2 with MCS13 using separate processing.
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