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[bookmark: _Toc116995841]Introduction
In the RAN4#107, simulation configurations including the channel model was agreed [1]. Further agreements were reached in the RAN#108 discussions regarding the simulation parameters and the PDSCH demodulation configurations for the simulations [2]. 
This paper contains Nokia’s updated simulation results.
Simulation Configuration
In the RAN4#107, it was agreed that RAN4 would adopt the virtual cable approach to test the FR2 multiRx demodulation requirements. In addition, as a result of the virtual cable approach agreement, the correlation model to be considered was agreed in RAN4#107 [1].
The simulation parameters used for Nokia’s simulations in the following are,
· Carrier frequency: FR2-1, 30 GHz 
· 120 KHz SCS / 100MHz CBW
· Channel: “2x” TDLA30-75 + correlation model
· Antenna configuration of 1x1 or 2x2 for each TRP
· DMRS symbols at (2,11) symbol indexes.
· Frequency offset between TRPs: 0Hz
· Time offset between TRPs: 0us
· Gamma: 0.0625

Simulation Results
Simulation results for 2*(1x1) fully-overlapping – Separate processing.
Simulations results shown in Figure 1 consider the multi TRP scheme with 2*(1x1) antenna configuration with cross-polarization correlation coefficient of 0.0625 for different values of crosstalk interference (rho) and MCS17.
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.
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[bookmark: _Ref144974448][bookmark: _Hlk144974572]Figure 1: 2*(1x1) - Separate processing – MCS17.

Table 1: Results for 2*(1x1) - Separate processing – MCS17 for different levels of crosstalk
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	TDD UL-DL pattern
	MCS
	Rank
	Channel Model
	Antenna Configuration
	cross-polarization correlation coefficient (gamma) 
	RB Allocation Size
	Cross talk factor (rho) - dB
	Fraction of maximum throughput (%)
	SNRBB (dB)

	100/120
	FR2.120-1
	MCS17
	2
	TDLA30-75
	2(1x1) XPL
	0.0625
	66
	No Crosstalk
	70
	7.0

	100/120
	FR2.120-1
	MCS17
	2
	TDLA30-75
	2(1x1) XPL
	0.0625
	66
	-15
	70
	7.7

	100/120
	FR2.120-1
	MCS17
	2
	TDLA30-75
	2(1x1) XPL
	0.0625
	66
	-12
	70
	8.6

	100/120
	FR2.120-1
	MCS17
	2
	TDLA30-75
	2(1x1) XPL
	0.0625
	66
	-9
	70
	11.1

	100/120
	FR2.120-1
	MCS17
	2
	TDLA30-75
	2(1x1) XPL
	0.0625
	66
	-6
	70
	N/A

	100/120
	FR2.120-1
	MCS17
	2
	TDLA30-75
	2(1x1) XPL
	0.0625
	66
	-3
	70
	N/A

	100/120
	FR2.120-1
	MCS17
	2
	TDLA30-75
	2(1x1) XPL
	0.0625
	66
	0
	70
	N/A



[bookmark: _Ref145937767]Simulation results for 2*(2x2) fully-overlapping – Separate processing.
Simulations results shown in Figure 2 consider the multi TRP scheme with 2*(2x2) antenna configuration with cross-polarization correlation coefficient of 0.0625 for different values of crosstalk interference (rho) and MCS13.
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.
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[bookmark: _Ref146703775]Figure 2: 2*(2x2) - Separate processing – MCS13.

Table 2: Results for 2*(2x2) - Separate processing – MCS13 for different levels of crosstalk
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	TDD UL-DL pattern
	MCS
	Rank
	Channel Model
	Antenna Configuration
	cross-polarization correlation coefficient (gamma) 
	RB Allocation Size
	Cross talk factor (rho) - dB
	Fraction of maximum throughput (%)
	SNRBB (dB)

	100/120
	FR2.120-1
	MCS13
	4
	TDLA30-75
	2(2x2) XPL
	0.0625
	66
	No Crosstalk
	70
	10.0

	100/120
	FR2.120-1
	MCS13
	4
	TDLA30-75
	2(2x2) XPL
	0.0625
	66
	-15
	70
	11.5

	100/120
	FR2.120-1
	MCS13
	4
	TDLA30-75
	2(2x2) XPL
	0.0625
	66
	-12
	70
	14.1

	100/120
	FR2.120-1
	MCS13
	4
	TDLA30-75
	2(2x2) XPL
	0.0625
	66
	-9
	70
	N/A

	100/120
	FR2.120-1
	MCS13
	4
	TDLA30-75
	2(2x2) XPL
	0.0625
	66
	-6
	70
	N/A

	100/120
	FR2.120-1
	MCS13
	4
	TDLA30-75
	2(2x2) XPL
	0.0625
	66
	-3
	70
	N/A

	100/120
	FR2.120-1
	MCS13
	4
	TDLA30-75
	2(2x2) XPL
	0.0625
	66
	0
	70
	N/A



[bookmark: _Toc116995848]Conclusion
In this paper, we have provided Nokia’s updated simulation results for MultiRx topic.
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Appendix A: Collection of previous agreements and proposals
	
Issue 1-1-1: Test method for demodulation requirements for FR2 multi-Rx.
Agreement: 
RAN4 agreed to adopt virtual cable setup to test the FR2 multi-Rx demodulation requirements

Issue 1-1-2: On new correlation matrix for FR2-1 in a Multi-TRP and Multi-Rx context for OTA demodulation performance requirements.
Agreement:
Consider the baseline correlation model assuming cross-talk between the TRPs and UE Rx antenna as below

, 
where  is the re-arranged channel values and 
·  denotes the Kronecker product,  denotes the diagonal matrix.
·  is the correlation matrix for each link between TRPs to UE panels generated with parameters α (Tx correlation coefficient), β (Rx correlation coefficient), and γ (cross-polarization correlation coefficient) as stated in 38.101-4 B2.3.2
·  is the cross-talk power
· Candidate cross-talk power values for initial simulation purpose:
· -15, -12, -9, -6 dB
· Other options are not precluded.

Issue 1-1-3: Whether to extend candidate cross-talk power values.
Agreements:
· For now, don’t consider 0 dB and -3dB cross-talk levels as the SNR requirements could be quite high.
· Interested companies are invited to provide sim results with relevant impartments considered.

Issue 1-1-4: Choice of α and β values.
Agreement: 
· Select α=β=0 in the correlation matrix for all cases.
  
Issue 1-1-5: TxEVM.
<way forward>
· Proposals
· Option 1: Consider Tx EVM at 6% since we are considering up to 64QAM modulation.

Issue 1-1-6: Whether to adopt NT FR2 OTA enhancements when defining demodulation requirements.
<way forward>
· Proposals
· Option 1: Yes

Issue 1-1-7: Cross-polarization coefficient.
Agreement:
· Set cross-polarization coefficient g= 0.0625

Issue 1-1-8: Whether to consider ρ to be cross-talk power ratio.
<way forward>
· Proposals
· Option 1: Yes

Issue 2-1-5: Time/frequency offset between TRPs
Agreements: 
· sDCI SDM: (-0.0625us, 600Hz) and (0.25us, 0Hz)
· mDCI non-overlapping: (-0.0625us, 600Hz)
· mDCI fully-overlapping: (-0.0625us, 600Hz) and (0.25us, 0Hz)
· Interested companies can provide simulation results with (0.25us, 600Hz) for mDCI fully-overlapping scenario.


Issue 2-1-6: PDSCH Configurations for demodulation requirements
Agreements: 
Evaluate PDSCH demodulation performance with the following configurations.
· Multi-DCI with fully-overlapping PDSCH, 1 layer per TRP
· Multi-DCI with fully-overlapping PDSCH, 2 layers per TRP
· Multi-DCI with non-overlapping PDSCH, 2 layers per TRP
· Single-DCI SDM with 1+1
· Single-DCI SDM with 2+2

Issue 2-1-7: Test cases and simulation parameters for sDCI SDM
Agreements:
Tentative simulation assumptions for initial evaluations:
Test parameters for sDCI SDM
	Parameter
	Unit
	Value

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

	Transmit TRxP of SSB
	
	TRxP #1

	PDCCH configuration
	TCI state
	
	TCI State #1

	
	CORESETPoolIndex
	
	0

	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
	
	1000 for 1+1
1000-1001 for 2+2
	1002 for 1+1
1002-1003 for 2+2

	
	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
	
	Full-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 (PDSCH Layer 0 is transmitted from TRxP #1 and PDSCH layer 1 is transmitted from TRxP #2)
Note 2:	PDSCH transmission is done from both TRxPs (PDSCH Layers 0 and 1 are transmitted from TRxP #1 and PDSCH layers 2 and 3 are transmitted from TRxP #2)



· Other options are not precluded.

Issue 2-1-8: Test cases and simulation parameters for mDCI fully overlapping.<way forward>
All tables related to this issue can be found in R4-2314258.
· Proposals
· Option 1: Consider PDSCH test cases and simulation parameter for mDCI fully overlapping as presented in Tables 4-3 and 4-4.
· Option 2: Use the simulation parameters for sDCI SDM (changes from RAN4#107 proposals highlighted) as presented in Tables 3-2.
· Option 3: Consider PDSCH test cases and simulation parameter for mDCI fully overlapping scheme as presented in Tables 2-4 and 2-5.

Issue 2-1-9: Test cases and simulation parameters for mDCI non-overlapping
<way forward>
All tables related to this issue can be found in R4-2314258.
· Proposals
· Option 1: Consider PDSCH test cases and simulation parameter for mDCI non-overlapping scheme as presented in Tables 4-5 and 4-6.
· Option 2: Define simulation parameters where the mDCI non-overlapping case is configured by splitting the available RBs equally between the two TRPs.
· Option 3: Consider PDSCH test cases and simulation parameter for mDCI non-overlapping scheme as presented in Tables 2-6 and 2-7.
  
Issue 2-1-10: Whether to consider a scaling factor for transmitted signal in mDCI fully-overlapping case
<way forward>
· Proposals
· Option 1: Yes, SNR corresponds to SNR of TRxP #1 and TRxP #2 with scaling factor as 1/sqrt(2) for transmitted signal from each TRxP.

Issue 2-1-11: MCS and layer selection for sDCI.
<way forward>
· Proposals
· Option 1: Select {MCS17, ρ = -6dB, rank 1+1} and/or {MCS13, ρ = -12dB, rank 2+2} for sDCI SDM cases.
· Other options are not precluded.

Issue 2-1-12: MCS and layer selection for mDCI.
<way forward>
· Proposals
· Option 1: Select {MCS17, ρ = -6dB, rank 1+1} and/or {MCS13, ρ = -12dB, rank 2+2} for mDCI fully-overlapping cases
· Other options are not precluded.
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