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1. Introduction 
In RAN#95-e a new WID for introducing requirements in FR2 for multi-RX chain reception in the DL was approved and revised in [1]. In this contribution we present our views on scope of demodulation requirements in FR2 for multi-RX chain reception.
2. Discussion
The objectives for demod requirements agreed in [1] are:

	· Introduce necessary requirement(s) for enhanced FR2-1 UEs with simultaneous DL reception from different directions with different QCL TypeD RSs on a single component carrier
· RRM Performance requirements and test cases corresponding to the new core requirements
· RRM test cases to verify the UE behavior/functionalities needed to support this feature in case existing requirements are reused
· UE demodulation requirements:
· Specify performance requirements for enhanced FR2-1 UEs supporting up to 4 DL MIMO layers with dual TCI with different QCL typeD on a single component carrier.
· Demod requirements on up to 4 DL MIMO layers
· CSI requirements to support up to 4-layer with 2 TCIs and Rel-17 mTRP Type I codebook
· Extension of requirements to cover intra-band CA can be considered after the single carrier requirements are defined
 
NOTE:
− For the dual-TCI demodulation requirement case, focus on UEs supporting “simultaneousReceptionDiffTypeD-r16” UE capability, and for the 2- or 4-layer downlink MIMO reception, focus on UEs supporting the basic mTRP CSI reporting capability (FG 23-7-1/1b of NR FeMIMO).




In Rel-16 multi-TRP transmission schemes were introduced by RAN1 and RAN4 defined requirements for multi-DCI and single-DCI multi-TRP transmission schemes. However, the requirements were only introduced in FR1 for multi-TRP transmission since we didn’t support simultaneous reception with 2 AoA in the downlink which would be essential for mTRP. In Rel-18 RAN4 is defining requirements for simultaneous reception with multi-RX chain in the DL.
For multi-TRP transmission schemes, in Rel-16 intra-cell multi-DCI and single DCI schemes were introduced. In Rel-17 inter-cell multi-TRP support was introduced for multi-DCI transmission scheme. In RAN4 we introduced requirements in Rel-16 for intra-cell mTRP transmission schemes. The requirements or UE performance should be agnostic to whether intra-cell or inter-cell mTRP transmission scheme is used. We propose to limit the scope of requirements in FR2 to intra-cell mTRP transmission schemes.
Proposal #1: Limit the scope of demod requirements for multi-TRP transmission schemes to intra-cell mTRP in FR2.

With multi-RX reception in FR2, it is possible to receive 4 layers on the DL with 2 AoA simultaneous reception, with 2 layers from each TRP, as illustrated in the figure below. 
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Figure 1: Multi-TRP with multi-RX reception in FR2

Among the multi-TRP schemes, we have multi-DCI, SDM single DCI, TDM single DCI and FDM single DCI transmission schemes. The objective of this WI is to define demod requirements for up to 4 MIMO layers in FR2, with mTRP and multi-panel reception. Not all the multi-TRP schemes would not be able to achieve up to 4 MIMO layer transmission in FR2 with multi-RX reception.
Observation #1: Not all the multi-TRP transmission schemes would not achieve 4 layer MIMO in FR2.
The multi-DCI and single DCI SDM transmissions schemes could achieve 4 layer MIMO transmission on the DL with suitable channel conditions.  The TDM and FDM transmission schemes, would not be able to achieve 4-layer MIMO on the DL since they are repetition schemes in time or frequency. Hence, we should focus on evaluating with multi-DCI and single DCI SDM transmissions schemes in RAN4 for 4 layer MIMO. 
Proposal # 2:  RAN4 focus on multi-DCI and single DCI SDM transmission schemes for further evaluation and demod requirements with multi-TRP and multi-RX reception in FR2. 
With multi-DCI transmission scheme, we have non-overlapping, fully overlapping and partial overlapping case. The fully and partial overlap multi-DCI transmission scheme are subject to additional UE capabilities. Also, MMSE-IRC receiver would not be suitable for fully or partially overlapping case, since additional processing is needed to handle overlapping REs from the other TRP. We firstly propose to use the same receiver assumption as we used for FR1 requirements with mTRP. 
Observation #2: The fully and partial overlap multi-DCI transmission schemes need additional UE capability and receiver assumptions.
Proposal #3: Use MMSE-IRC as receiver assumptions for defining requirements with multi-TRP and multi-RX in FR2.
For the requirements to be applicable to UEs that only support multi-DCI transmission scheme with simultaneous reception in FR2, and no additional capabilities, and with baseline MMSE-IRC receiver, we propose to evaluate and define requirements for non-overlapping multi-DCI transmission scheme.
Proposal #4: For further evaluation and requirements definition in RAN4 for demod requirements only consider non-overlapping case for multi-DCI transmission scheme.  
Another issue to consider in evaluation of multi-TRP schemes in FR2 is the AoA separation and how it is modeled in the link level simulation. The baseband SNR would be a function of the AoA offset between the TRP. The demod requirements could be defined agnostic to AoA offset, with the assumption of a minimum AoA offset, or for different AoA offsets depending on the UE capability or declaration. 
Observation #3: The AoA offset would impact baseband SNR and demodulation performance.
Proposal #5: RAN4 further discuss how AoA separation is modeled in link level simulation for demod requirements. 
Observation #4: The demod requirements with multi-RX could be defined agnostic to AoA offset, with the assumption of minimum a AoA separation, or for different AoA offsets. 
Also, we need to evaluate the feasibility of 4-layer MIMO with multi-TRP transmission schemes. 4-layer MIMO in the DL would only be feasible in suitable channel conditions and AoA separation. For S-DCI SDM transmission scheme, the 2 AoA must be spatially separate and have low correlation to achieve 4 layers reception on the DL, since the 2 TRP send 2 layers each of the same PDSCH. We need to model the spatial separation in some way in baseband link level simulations to be able to achieve 4 layer MIMO with sDCI SDM transmission scheme. We need to further evaluate if 2 layers per TRP is feasible in FR2.
Observation #5: 4 MIMO layers with sDCI SDM transmission scheme is feasible with low correlation and sufficient AoA separation. 
Proposal #6: RAN4 further discusses how to model spatial separation in link level simulation
Proposal #7: RAN4 further evaluates the feasibility of 4 layer DL MIMO with sDCI SDM transmission scheme. 
Another aspect we need to further discuss is the UE processing assumption with multi-RX. The UE could process the streams received from multi-RX in one of two ways also illustrated in the figure below:
Option1: Process only 2 TRP-RX pair– In this case we only consider two TRP to RX pair - TRP1-RX1 and TRP2-RX2. The signal from TRP2 to RX1 and TRP1 to RX2 is treated as interference. 
Option 2: Jointly process all TRP-RX combinations – In this case we consider all combinations of TRP to RX pairs – TRP1-RX1, TRP1-RX2, TRP2-RX1, TRP2-RX2, like 4x4 MIMO.
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Figure 2: Different UE processing assumption with multi-RX
There would be difference in the performance between the two assumptions and we should further decide the baseline assumption for defining requirements in RAN4. The receiver processing assumption would have an impact on RF, RRM and demod requirements. 
Observation #6: The UE processing assumption – whether only two TRP-RX pairs are considered, or all TRP-RX pairs are considered in processing would impact performance.
Observation #7: The UE processing assumption would impact RF, RRM and Demod requirements.
Proposal #8: RAN4 further discuss the UE processing assumption with multi-RX for evaluating and defining requirements in FR2. 
CSI Reporting Requirements
In Rel-17 FeMIMO WI CSI reporting enhancements for mTRP were introduced for single DCI SDM transmission scheme. In RAN4 we introduced PMI reporting requirements for the same in FR1. Under this WI it would be suitable to introduce PMI requirements for single DCI SDM transmission scheme in FR2 with multi-RX reception on the DL.
The PMI reporting requirements for FR1 are for dual layer, with one layer transmission per TRP. It is not very clear if 4 layer MIMO transmission is possible with single DCI SDM transmission scheme. Hence, we propose to further evaluate the feasibility of 4 layer PMI reporting requirements with SDM transmission scheme. As a first step, we suggest extending the PMI reporting test with dual layer for single DCI SDM transmission scheme to FR2.
Observation #8: The feasibility of introducing PMI requirements with 4 layers in FR2 with single DCI SDM transmission scheme is to be further studied.
Proposal #9: Introduce PMI reporting test with dual layer for single DCI SDM transmission scheme in FR2 as a first step.
Proposal #10: RAN4 further evaluate the feasibility of 4 layer PMI reporting test for single DCI SDM transmission scheme in FR2. 
Simulation Assumptions
We propose simulation parameters below for further evaluation of multi-DCI and single-DCI SDM transmission schemes in FR2. 
Table 1: Simulation Parameters for multi-DCI scheme
	Parameters
	Value

	CBW/SCS
	100MHz/ 120KHz

	Timing offset of the second TRP from the first TRP (Note 1)
	Negative offset: -0.05μs

	Frequency offset between two TRPs (Note 1)
	200 Hz

	Antenna Configuration
	2x2 ULA Low

	Channel Model
	TDLA30-300

	
	Common serving cell parameters

	Physical Cell ID
	0

	SSB position in burst 
	First SSB in Slot #0 for TRP1
Second SSB in Slot #0 for TRP2


	SSB periodicity 
	20ms

	Transmit TRP of SSB
	TRP1, TRP2

	
	TRS#1 (configuration for TCI state #2)

	Transmit TRP
	TRP#1

	CSI-RS periodicity
	160 slots

	CSI-RS offset
	80 for CSI-RS resources 1 and 2
81 for CSI-RS resources 3 and 4

	Density
	3

	First subcarrier index in the PRB used for CSI-RS
	k0=0

	First OFDM symbol in the PRB used for CSI-RS
	l0 = 6 for CSI-RS resources 1 and 3
l0 = 10 for CSI-RS resources 2 and 4

	QCL Info
	TCI state #0

	
	TRS#2 (configuration for TCI state #3)

	Transmit TRP
	TRP#2

	CSI-RS periodicity
	160 slots

	CSI-RS offset
	80 for CSI-RS resources 1 and 2
81 for CSI-RS resources 3 and 4

	Density
	3

	First subcarrier index in the PRB used for CSI-RS
	k0=1

	First OFDM symbol in the PRB used for CSI-RS
	l0 = 6 for CSI-RS resources 1 and 3
l0 = 10 for CSI-RS resources 2 and 4

	QCL Info
	TCI state #0

	
	TCI State configuration #0

	Type 1 QCL information
	SSB index #0, QCL type C

	Type 2 QCL information
	SSB index #0, QCL type D

	
	TCI State configuration #1

	Type 1 QCL information
	SSB index #1, QCL type C

	Type 2 QCL information
	SSB index #1, QCL type D

	
	TCI State configuration #2

	Type 1 QCL information
	CSI-RS resource: TRS#1, QCL type A

	Type 2 QCL information
	CSI-RS resource: TRS#1, QCL type D

	
	TCI State configuration #3

	Type 1 QCL information
	CSI-RS resource: TRS#2, QCL type A

	Type 2 QCL information
	CSI-RS resource: TRS#2, QCL type D

	
	PDCCH configuration

	CORESETPoolIndex
	0, 1

	Symbols for PDCCH
	0

	Number of PRB
	Half of the channel bandwidth with contiguous RB allocation and non-interleaved CCE-to-REG mapping

	K0
	0

	AL
	8 

	
	PDSCH configuration

	PDSCH resource mapping type
	Type A

	Resource allocation type
	Type 1

	DMRS configuration
	Type 1, 1+1

	Antenna ports index ​
	{1000,1001} for TRP#1 and {1002,1003} for TRP#2

	Start symbol (S)
	1

	Time duration (L)
	13

	PRB allocation
	Non-overlapping for TRP1, TRP2
PDSCH#1: PRB#0 to PRB#32
PDSCH#2: PRB#33 to PRB#65

	PRB precoding granularity
	2

	PDSCH & PDSCH DMRS Precoding configuration
	Independent precoding generation is applied for both codewords, where PDSCH & PDSCH DMRS Precoding is configured with Single Panel Type I, Random precoder selection updated per slot, with equal probability of PRB bundling granularity

	Note 1	Using TRP#1 is Reference to define timing and frequency offset
Note 2:	PDSCH is not scheduled in slots where SSB is transmitted (slot #0 with periodicity of 20ms)
Note 3:	PDSCH is scheduled in slots where TRSs are transmitted. 



Table 2: Simulation Parameters for single-DCI SDM scheme
	Parameters
	Value

	CBW/SCS
	100MHz/ 120KHz

	Timing offset of the second TRP from the first TRP (Note 1)
	Positive offset: 0.25μs

	Frequency offset between two TRPs (Note 1)
	200 Hz

	Antenna Configuration
	2x2 ULA Low For each TRP

	Channel Model
	TDLA30-300

	
	Common serving cell parameters

	Physical Cell ID
	0

	SSB position in burst 
	First SSB in Slot #0 for TRP1
Second SSB in Slot #0 for TRP2


	SSB periodicity 
	20ms

	Transmit TRP of SSB
	TRP1, TRP2

	
	TRS#1 (configuration for TCI state #2)

	Transmit TRP
	TRP#1

	CSI-RS periodicity
	160 slots

	CSI-RS offset
	80 for CSI-RS resources 1 and 2
81 for CSI-RS resources 3 and 4

	Density
	3

	First subcarrier index in the PRB used for CSI-RS
	k0=0

	First OFDM symbol in the PRB used for CSI-RS
	l0 = 6 for CSI-RS resources 1 and 3
l0 = 10 for CSI-RS resources 2 and 4

	QCL Info
	TCI state #0

	
	TRS#2 (configuration for TCI state #3)

	Transmit TRP
	TRP#2

	CSI-RS periodicity
	160 slots

	CSI-RS offset
	80 for CSI-RS resources 1 and 2
81 for CSI-RS resources 3 and 4

	Density
	3

	First subcarrier index in the PRB used for CSI-RS
	k0=1

	First OFDM symbol in the PRB used for CSI-RS
	l0 = 6 for CSI-RS resources 1 and 3
l0 = 10 for CSI-RS resources 2 and 4

	QCL Info
	TCI state #0

	
	TCI State configuration #0

	Type 1 QCL information
	SSB index #0, QCL type C

	Type 2 QCL information
	SSB index #0, QCL type D

	
	TCI State configuration #1

	Type 1 QCL information
	SSB index #1, QCL type C

	Type 2 QCL information
	SSB index #1, QCL type D

	
	TCI State configuration #2

	Type 1 QCL information
	CSI-RS resource: TRS#1, QCL type A

	Type 2 QCL information
	CSI-RS resource: TRS#1, QCL type D

	
	TCI State configuration #3

	Type 1 QCL information
	CSI-RS resource: TRS#2, QCL type A

	Type 2 QCL information
	CSI-RS resource: TRS#2, QCL type D

	
	PDCCH configuration

	CORESETPoolIndex
	0, 1

	Symbols for PDCCH
	0

	Number of PRB
	Half of the channel bandwidth with contiguous RB allocation and non-interleaved CCE-to-REG mapping

	K0
	0

	AL
	8 

	
	PDSCH configuration

	PDSCH resource mapping type
	Type A

	Resource allocation type
	Type 1

	DMRS configuration
	Type 1, 1+1

	Antenna ports index ​
	(1) {1000} for TRP#1 and {1002} for TRP#2
(2) {1000,1001} for TRP#1 and {1002,1003} for TRP#2


	Start symbol (S)
	1

	Time duration (L)
	13

	PRB allocation
	PDSCH#1: PRB#0 to PRB#65
PDSCH#2: PRB#0 to PRB#65

	PRB precoding granularity
	2

	PDSCH & PDSCH DMRS Precoding configuration
	Independent precoding generation is applied for both codewords, where PDSCH & PDSCH DMRS Precoding is configured with Single Panel Type I, Random precoder selection updated per slot, with equal probability of PRB bundling granularity

	Note 1:	Apply a power scaling factor as 1/sqrt(2) for transmitted signaling from each TRP.
Note 1	Using TRP#1 is Reference to define timing and frequency offset
Note 2:	PDSCH is not scheduled in slots where SSB is transmitted (slot #0 with periodicity of 20ms)
Note 3:	PDSCH is scheduled in slots where TRSs are transmitted. 




3. Conclusion
In this paper, we provide our views on scope of demodulation requirements in FR2 for multi-RX chain reception. Our observations and proposals are captured below:
Proposal #1: Limit the scope of demod requirements for multi-TRP transmission schemes to intra-cell mTRP in FR2.
Observation #1: Not all the multi-TRP transmission schemes would not achieve 4 layer MIMO in FR2.
Proposal # 2:  RAN4 focus on multi-DCI and single DCI SDM transmission schemes for further evaluation and demod requirements with multi-TRP and multi-RX reception in FR2. 
Observation #2: The fully and partial overlap multi-DCI transmission schemes need additional UE capability and receiver assumptions.
Proposal #3: Use MMSE-IRC as receiver assumptions for defining requirements with multi-TRP and multi-RX in FR2.
Proposal #4: For further evaluation and requirements definition in RAN4 for demod requirements only consider non-overlapping case for multi-DCI transmission scheme.  
Observation #3: The AoA offset would impact baseband SNR and demodulation performance.
Proposal #5: RAN4 further discuss how AoA separation is modeled in link level simulation for demod requirements. 
Observation #4: The demod requirements with multi-RX could be defined agnostic to AoA offset, with the assumption of minimum a AoA separation, or for different AoA offsets. 
Observation #5: 4 MIMO layers with sDCI SDM transmission scheme is feasible with low correlation and sufficient AoA separation. 
Proposal #6: RAN4 further discusses how to model spatial separation in link level simulation
Proposal #7: RAN4 further evaluates the feasibility of 4 layer DL MIMO with sDCI SDM transmission scheme. 
Observation #6: The UE processing assumption – whether only two TRP-RX pairs are considered, or all TRP-RX pairs are considered in processing would impact performance.
Observation #7: The UE processing assumption would impact RF, RRM and Demod requirements.
Proposal #8: RAN4 further discuss the UE processing assumption with multi-RX for evaluating and defining requirements in FR2. 
Observation #8: The feasibility of introducing PMI requirements with 4 layers in FR2 with single DCI SDM transmission scheme is to be further studied.
Proposal #9: Introduce PMI reporting test with dual layer for single DCI SDM transmission scheme in FR2 as a first step.
Proposal #10: RAN4 further evaluate the feasibility of 4 layer PMI reporting test for single DCI SDM transmission scheme in FR2. 
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