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[bookmark: _Toc116995841]Introduction
During the RAN4#108 discussions, good progress was made on the topic of MultiRx demodulation performance and CSI requirements for PDSCH and related issues.
In the following, we would provide Nokia’s viewpoint on the remaining open issues and introduce new proposals wherever needed.

Discussion
Channel model
In RAN4#108 the channel model was discussed [3]:
	Issue 2-1-1: Channel model
<way forward>
· Proposals
· Option 1: Only use TDLA30-75 for 100 MHz/120 kHz
· Option 2: Keep TDLA30-300 as FFS.



Initial alignment can be done using the already agreed channel mode of TDLA30-75. Extending further with additional channel model of TDLA30-300 must be decided in this meeting to have enough time for companies to provide simulation results. We also see cases of high Doppler to be less important for MultiRx scenarios.
Simulation alignment can be done using the agreed channel model (TDLA30-75). High Doppler is less important for MultiRx scenarios.
Use TDLA30-75 for 100 MHz/120 kHz as baseline for requirement definition.

PTRS Port allocation for sDCI schemes
In RAN4#108 it was agreed to further evaluate PT-RS port allocation for sDCI [3]:
	Issue 2-1-2: PTRS Port for sDCI schemes
Agreement:
· Further evaluate both cases: one PTRS port across TRPs and one PTRS port for each TRP 
· [bookmark: _Hlk145580838]Companies are encouraged to evaluate the performance impact and decide suitable parameters for each case.
· Test applicable rules can be considered based on UE capability. 



It could be beneficial, especially for scenarios with joint demodulation (i.e. sDCI), to transmit PT-RS on each TRP as it cannot be assumed that each such TRP will be received with the same phase difference. It will be fine to introduce test applicability rules to reduce the test overhead.
It cannot be assumed that each TRP will be received with the same phase difference, hence there is likely a need for transmitting PT-RS on each such TRP. However, the UE support of two PT-RS ports for sDCI is optional.
We are fine with defining test applicability rules based on UE capability.
Introduce requirements for both cases if feasible and decide on the suitable parameters for each case based on simulation results.

Time/frequency offset between TRPs
In RAN4#108 it was agreed to use time and frequency offsets between the two TRP transmission points for the respective sDCI and mDCI transmission configurations as stated below Error! Reference source not found..
	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.




At this point, we do not see a reason to change the agreement from RAN4#108; hence we can proceed with the agreed time and frequency offsets stated above for initial simulations. After aligning the initial simulation results, it can be further decided on the feasibility of defining requirements for all the above combinations.
We are fine to continue with the agreed configurations from RAN4#108 with respect to the time/frequency offset between TRPs. If companies contribute results with time/frequency offset of (0.25us, 600Hz) for mDCI fully-overlapping scenario, we are open to discuss including the case of (0.25us, 600Hz) for mDCI fully-overlapping scenario.

PDSCH Configurations for demodulation requirements
The PDSCH demodulation configurations to evaluate performance were agreed in RAN4#108 as stated below.
	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




We have provided simulation results for Multi-DCI fully-overlapping PDSCH using separate processing with the updated values of gamma = 0.0625. We have not noticed any significant differences compared to the previous gamma = 0.125.
We do not see the need to add additional configurations, hence RAN4 can continue to evaluate the PDSCH demodulation performance with the agreed configurations.

Test cases and simulation parameters
Tentative test cases and simulation parameters for initial evaluations of sDCI SDM were agreed in RAN4#108. Additionally, proposals were discussed regarding simulation parameters for mDCI fully overlapping and mDCI non-overlapping scenarios [3].
	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
· [bookmark: _Hlk142997077]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.




Simulation parameters for mDCI fully overlapping.
Based on the existing proposal for mDCI fully overlapping (option 2 from RAN4#108 issue 2-1-8) including the agreements in RAN4#108, we propose the following simulation parameters for the mDCI fully overlapping case.
Use the following simulation parameters for mDCI fully overlapping:
Table 1: Test parameters for mDCI full-overlapping
	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
	
	{1000,1001}
	{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
	
	Full-overlapping

	Timing offset of the second TRxP from the first TRxP
	us
	{-0.0625, 0.25}

	Frequency offset of the second TRxP from the first TRxP
	Hz
	{0, 600}

	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



Simulation parameters for mDCI non-overlapping
Based on the existing proposal for mDCI fully overlapping (see [3]) including the agreements in RAN4#108, we propose the following simulation parameters for the mDCI non-overlapping case.
Use the following simulation parameters for mDCI non-overlapping scenario:
Table 2: Test parameters for mDCI non-overlapping
	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
	
	{1000,1001}
	{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

	Timing offset of the second TRxP from the first TRxP
	us
	{-0.0625, 0.25}

	Frequency offset of the second TRxP from the first TRxP
	Hz
	{0, 600}

	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



Scaling factor for transmitted signal in mDCI fully-overlapping case
In RAN4#108, it was brought up if a scaling factor should be considered for transmitted signals for the mDCI fully-overlapping case.
	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.




For mDCI fully overlapping, the same time and frequency resources are used, as a result the power from each TRP will be combined, hence scaling will be required.
In addition, the existing requirements for FR1 with sDCI SDM scaling of the SNR of TRxP#1 and TRxP#2 have been done with a factor of 1/srqt(2).
As for mDCI fully overlapping the same time and frequency resources are used, scaling of the power of the TRPs will be required.
Requirements definition for mDCI fully overlapping shall be done by defining the SNR as the SNR of TRxP #1 and TRxP #2 with scaling factor as 1/sqrt(2) for transmitted signal from each TRxP (Option 1).

MCS and layer selection for sDCI
	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.




We are fine with selecting only one factor of crosstalk factor each for rank 1+1 and rank 2+2 scenarios for sDCI.
Selecting only one factor of crosstalk factor each for rank 1+1 and rank 2+2 scenarios for sDCI should be sufficient.
Use {MCS17, ρ = -6dB, rank 1+1} and {MCS13, ρ = -12dB, rank 2+2} as baseline assumption. Decide on the final MCS and crosstalk values to define requirements for rank 1+1 and rank 2+2 scenarios (sDCI) after simulation alignment.

MCS and layer selection for mDCI.
	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.




We are fine with selecting only one factor of crosstalk factor each for rank 1+1 and rank 2+2 scenarios for mDCI.
We are fine with selecting only one crosstalk factor each for rank 1+1 and rank 2+2 scenarios (mDCI). However, the most suitable crosstalk factor (ρ) and the MCS for each scenario must be based on the simulation results.
Use {MCS17, ρ = -6dB, rank 1+1} and {MCS13, ρ = -12dB, rank 2+2} as baseline assumption. Decide on the final MCS and crosstalk values to define requirements for rank 1+1 and rank 2+2 scenarios (mDCI) after simulation alignment.

[bookmark: _Toc116995848]Conclusion
This paper presents Nokia's view on the open issues with relation definition of PDSCH requirements for MultiRx Demodulation performance.

In the paper, the following Observations and Proposals were made:
[bookmark: _Toc116995849]
Channel model
1. Simulation alignment can be done using the agreed channel model (TDLA30-75). High doppler is less important for MultiRx scenarios.
1. Use TDLA30-75 for 100 MHz/120 kHz as baseline for requirement definition.

PTRS Port allocation for sDCI schemes
It cannot be assumed that each TRP will be received with the same phase difference, hence there is likely a need for transmitting PT-RS on each TRP. However, the UE support of two PT-RS ports for sDCI is optional.
We are fine with defining test applicability rules based on UE capability.
Introduce requirements for both cases if feasible and decide on the suitable parameters for each case based on simulation results.

Time/frequency offset between TRPs
We are fine to continue with the agreed configurations from RAN4#108 with respect to the time/frequency offset between TRPs. If companies contribute results with time/frequency offset of (0.25us, 600Hz) for mDCI fully-overlapping scenario, we are open to discuss including the case of (0.25us, 600Hz) for mDCI fully-overlapping scenario.

Test cases and simulation parameters
Use the following simulation parameters for mDCI fully overlapping:
Table 3: Test parameters for mDCI full-overlapping
	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
	
	{1000,1001}
	{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
	
	Full-overlapping

	Timing offset of the second TRxP from the first TRxP
	us
	{-0.0625, 0.25}

	Frequency offset of the second TRxP from the first TRxP
	Hz
	{0, 600}

	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



Use the following simulation parameters for mDCI non-overlapping scenario:
Table 4: Test parameters for mDCI non-overlapping
	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
	
	{1000,1001}
	{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

	Timing offset of the second TRxP from the first TRxP
	us
	{-0.0625, 0.25}

	Frequency offset of the second TRxP from the first TRxP
	Hz
	{0, 600}

	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



Scaling factor for transmitted signal in mDCI fully-overlapping case
As for mDCI fully overlapping the same time and frequency resources are used, scaling of the power of the TRPs will be required.
Requirements definition for mDCI fully overlapping shall be done by defining the SNR as the SNR of TRxP #1 and TRxP #2 with scaling factor as 1/sqrt(2) for transmitted signal from each TRxP (Option 1).

MCS and layer selection for sDCI
Selecting only one factor of crosstalk factor each for rank 1+1 and rank 2+2 scenarios for sDCI should be sufficient.
Use {MCS17, ρ = -6dB, rank 1+1} and {MCS13, ρ = -12dB, rank 2+2} as baseline assumption. Decide on the final MCS and crosstalk values to define requirements for rank 1+1 and rank 2+2 scenarios (sDCI) after simulation alignment.

MCS and layer selection for mDCI
We are fine with selecting only one crosstalk factor each for rank 1+1 and rank 2+2 scenarios (mDCI). However, the most suitable crosstalk factor (ρ) and the MCS for each scenario must be based on the simulation results.
Use {MCS17, ρ = -6dB, rank 1+1} and {MCS13, ρ = -12dB, rank 2+2} as baseline assumption. Decide on the final MCS and crosstalk values to define requirements for rank 1+1 and rank 2+2 scenarios (mDCI) after simulation alignment.
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