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Introduction
Based on the progress so far, the scope of performance requirement for FR2 multi-RX can be summarized as below: 
	Items
	Status/requirement to be introduced?

	General aspects
	Discussion ongoing

	PDSCH
	sDCI SDM only

	Y (for initial evaluation) 

	
	mDCI fully overlapping
	Y (for initial evaluation)

	
	mDCI non-overlapping
	Y (for initial evaluation)

	CSI 
	sDCI (PMI reporting)
	Y (for initial evaluation)

	
	mDCI
	No requirement

	PDCCH
	No requirement

	PBCH
	No requirement

	SDR
	No requirement



Based on the open issues, the discussions can proceed as follows:
· 1st priority: Discussion on the remaining issues concerning general aspects, such as correlation matrix, test method as well as identify the potential impact on the UE performance requirements.
· 2nd priority: Discussion on the test setup and agree on the remaining simulation assumptions for UE demodulation and CSI reporting test cases.
Topic #1: General Aspects for FR2 Multi-Rx Demod
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2307332

	Apple
	On Correlation Matrix
Observation 1: The correlation matrix R has 2 components - the Polarization correlation matrix and the Beam forming correlation matrix. 
Observation 2: The polarization correlation matrix considers the cross-polarization and the inter-panel correlation. 
Observation 3: The inter-panel correlation matrix is  
Observation 4: The cross-panel coupling factor b is based on the antenna radiation pattern, array factor of the panel and the UE panel implementation/placement. 
Observation 5: For a single TRP the corelation matrix is defined as 
	G1 is the cross-pol correlation matrix for TRP1, Panel1
	G2 is introduced to accommodate for different cross-pol correlation per UE panel
Observation 6: The cross-pol matrices G1 G2 are defined as- 	
	and
Observation 7: The terms g1, g2 depend on UE panel implementation/ orientation.
Observation 8: The polarization correlation matrix for 2TRPs can be extended as:

Observation 9: The terms p,q,r,s model the gains from beam forming from the main lobe and leakage from side lobes. 
Observation 10: The terms p,q,r,s model depend on the TRP separation.
Observation 11: The beamforming correlation matrix s defined as ), where RTRP1-UE and RTRP2-UE are defined based on p,q,r,s in eqn 15. 
Proposal 1: Use the proposed model and further study how to determine the coefficients to define the correlation matrix. 

On Receiver Assumption
Observation 12: The multi-TRP transmission scheme and conditions could be used to determine whether per TRP link processing or joint 4x4 processing is used.
Proposal 2: Evaluate both per TRP link and joint processing for mDCI fully overlapping and sDCI SDM transmission schemes. 
Proposal 3: Use per TRP link processing for mDCI non-overlapping case.

	R4-2307472
	Nokia
	New correlation matrix for FR2-1 in a Multi-TRP and Multi-Rx context for OTA demodulation performance requirements
Observation 1: When considering legacy fading emulation, the received signal can be modelled as: , where  is the transmitted signals from the TRPS,  is the same channel matrix (e.g. 2x2 or 4x4) as in the previous legacy conductive setup, comprises the OTA chamber and UE (including spatial filters) and  is the received signal at the UE.

Observation 2: We can define HL to represent the stochastic channel model (e.g., TDLA, TDLB, etc.) and , to represent the deterministic channel inside the OTA chamber after the TX beam-RX beam pairing and consequent beam-lock.
Observation 3: We can define  as the correlated channel matrix where the coefficients of each realization of  are derived using “classical” TDL modelling on each of the for subblocks  and represents the Inter-TRP relative contribution controlled outside of the OTA chamber.
We propose to model the received signal as: , where , and represents the Inter-TRP relative contribution controlled outside of the OTA chamber.
Observation 4: We note that when using the classical covariance matrix notation for these channel coefficients under the system model from the proposal above, the spatial covariance matrix can be derived as follows, where the  parameter is multiplicatively included in  on top of the coefficients derived from the classical TDL model. The  is used here to emphasize the inclusion of  and does not change the matrix from before.


where 

Observation 5: Based on similarities between  values observed in our simulation results, the generalized  can be simplified by introducing the  parametrization as  which can be further simplified by setting  so that  
Proposal 1: We propose a simplified parameterized version of HOTA,1+1 to be: 
Observation 6: Based on similarities between  values observed in our simulation results, the generalized  can be simplified by introducing the  parametrization as:
.
Proposal 2: We propose a simplified parameterized HOTA,2+2 to be: .
Proposal 3: We propose the deterministic values of HOTA,1+1 for OTA probe AoA delta of 30, 60, 90, 120, 150 to be as in table: 
	
	AoA 30
	AoA 60
	AoA 90
	AoA 120
	AoA 150

	 
	0.1
	0.01
	0.01
	0.02
	0.03



Proposal 4: We propose the deterministic values of HOTA,2+2 for OTA probe 30, 60, 90, 120, 150 to be as in table:
	
	AoA 30
	AoA 60
	AoA 90
	AoA 120
	AoA 150

	 
	0.04
	0.025
	0.04
	0.06
	0.09

	 
	0.040
	0.02
	0.004
	0.02
	0.01

	 
	0.005
	0.004
	0.004
	0.01
	0.005



Best beam pair selection for demodulation performance requirements
Observation 7: The agreement on TRP to module paring from WF R4-2306604 using “Option1: UE assigns ‘first’ module to track TRP that yields highest RSRP among all TRPs. The best of the other modules is assigned to track the other TRPs.” as baseline is a good approach and can be modelled using HOTA
Receiver assumption
Proposal 5: Joint processing 4x4 shall be considered especially in scenarios where the angular offset is small and the inter-TRP interference is sufficiently high.

	R4-2308885
	Huawei, HiSilicon
	1. Only consider UE perform separate processing with 2x2 channel matrix per TRP for FR2 multi-Rx demodulation requirements definition.

	R4-2308944
	Ericsson
	Proposal 1: RAN4 defines the UE demodulation and CSI reporting requirements for FR2 DL multi-RX chain: 
· TDD mode only
· Number of receive antennas per Rx chain NRx = 2
· Modulation order: Up to 64QAM
· Rank: Up to 4 DL MIMO layers (2+2).

Proposal 2: RAN4 defines the PDSCH demodulation and PMI reporting requirements with:  
· FR2-1 TDD: SCS = 120 kHz, CBW = 100 MHz and 66 RBs.
· Phase noise @ 47 GHz
· Channel models: TDLA (30 ns delay spread) only
Max Doppler frequencies: up to 300 Hz.
Observation 1: Considering the test will be in IFF conditions, we can assume far fields wave propagation conditions for AoA offset.
Proposal 3: Considering same AoA offset at both Rx chains, assume TRxP1 – UE beam direction as a reference, while TRxP2- UE beam direction forms the AoA offset.
Proposal 4: Referring to Proposal 3, Let
· Let  be the (2NRx x Nlayer,1) channel matrix between the 1st transmit TRxP, TRP1, and the UE,
· Let  the (2NRx x Nlayer,2) channel matrix between the 2nd transmit TRxP, TRP2, and the UE,
· Define  and  MIMO correlation matrices as per clause B.2.3.1 or clause B.2.3.2 of TS 38.101-4,
· Define  and  MIMO correlation matrices as per clause B.2.3.1 or clause B.2.3.2 of TS 38.101-4,
· Consider the AoA offset in  and  only.
Proposal 5: Consider that the propagation conditions applied to both TRxP1 and TRxP2 are statistically independent.
Observation 2: It is obvious that each method has its advantages and disadvantages.  
Proposal 6: Further discussion with companies on the pros and cons of each UE receiver schemes are needed:
· eMMSE-IRC for 4T4R UE joint processing.
· MMSE-IRC for 2T2R MIMO processing per TRxP.

	R4-2307851
	MediaTek
	Observation 1: The split to emulator and simulator channels has not been captured in the earlier proposals.
Proposal 1: Confirm understanding of test setup in chamber
· Option 1: Install probes in test chamber according to defined AoA and keep emulator channel independent of the AoA
· Option 2: Install probes in test chamber in 90 angle and model AoA in channel emulator
· Other options are not precluded
Observation 2: In OTA testing, we employ channel model Hemulator (4x4) between TRPs and TX-probes
Proposal 2: In corresponding simulations, we employ the same model Hemulator concatenated with a model of the chamber channel Hchamber (4x4) → Hsimulator = Hchamber ∙ Hemulator
Observation 3: Chamber channel Hchamber is not fading, but rather constant and deterministic for a given physical TX-probe and UE-panel setup (depending on AoA)
Proposal 3: We need to specify the properties of both Hchamber and Hemulator explicitly.
Proposal 4: In Hemulator set H12 and H21 as all zeros, and model H11 and H22 as mutually independent 2x2 fading channels that can follow some existing 3GPP correlation model (for example 2x2 Xpol high)
Proposal 5: Define , where γ depends on AoA.
Proposal 6: We support keeping both Option 1 and Option 2 at this point of evaluation.

	R4-2309684
	Qualcomm
	Observation 1: Inter-module correlation between the UE RX antenna modules can be ignored.
Proposal 1: Consider the correlation model assuming cross-talk between the TRPs and UE Rx antenna modules as presented in eqn. (3).
                                       Proposal 2: Assume the  value, i.e., the cross-talk terms to be at least 10dB weaker than the direct channel links (between the TRPs and UE antenna modules).
Observation 2: Real OTA testing may include impairment due to RF, hence demod requirements may not be truly tested in the presence of such impairments.
Proposal 3: RAN4 to adopt virtual cable setup to test the FR2 multi-Rx demodulation requirements as discussed in NR FR2 OTA enhancements.
Proposal 4: Companies are encouraged to bring results evaluating both independent and joint processing in August meeting.



Open issues summary
List of open issues
· Sub-topic 1-1 General aspects for FR2-1 multi-Rx chain DL reception
· Issue 1-1-1: On new correlation matrix for FR2-1 in a Multi-TRP and Multi-Rx context for OTA demodulation performance requirements.
· Issue 1-1-2: Beam pair selection for demodulation performance requirement.
· Issue 1-1-3: Test method for demodulation requirements for FR2 multi-Rx.
· Issue 1-1-4: Receiver assumption.
· Issue 1-1-5: Number of receive antennas per Rx chain.
· Issue 1-1-6: Transmission mode for demodulation requirements.
Sub-topic 1-1: General aspects for FR2-1 multi-Rx chain DL reception
Issue 1-1-1: On new correlation matrix for FR2-1 in a Multi-TRP and Multi-Rx context for OTA demodulation performance requirements.
· Observations
· Observation 1 (Nokia):
· When considering legacy fading emulation, the received signal can be modelled as: , where  is the transmitted signals from the TRPS,  is the same channel matrix (e.g. 2x2 or 4x4) as in the previous legacy conductive setup, comprises the OTA chamber and UE (including spatial filters) and  is the received signal at the UE.
· We can define HL to represent the stochastic channel model (e.g., TDLA, TDLB, etc.) and , to represent the deterministic channel inside the OTA chamber after the TX beam-RX beam pairing and consequent beam-lock.
· We can define  as the correlated channel matrix where the coefficients of each realization of  are derived using “classical” TDL modelling on each of the for subblocks  and represents the Inter-TRP relative contribution controlled outside of the OTA chamber.
· We note that when using the classical covariance matrix notation for these channel coefficients under the system model from the proposal above, the spatial covariance matrix can be derived as follows, where the  parameter is multiplicatively included in  on top of the coefficients derived from the classical TDL model. The  is used here to emphasize the inclusion of  and does not change the matrix from before.


where 

· Based on similarities between  values observed in our simulation results, the generalized  can be simplified by introducing the  parametrization as  which can be further simplified by setting  so that  
· Observation 2 (Apple):
· The correlation matrix R has 2 components - the Polarization correlation matrix and the Beam forming correlation matrix. 
· The polarization correlation matrix considers the cross-polarization and the inter-panel correlation. 
· The inter-panel correlation matrix is  
· The cross-panel coupling factor b is based on the antenna radiation pattern, array factor of the panel and the UE panel implementation/placement. 
· For a single TRP the corelation matrix is defined as 
	G1 is the cross-pol correlation matrix for TRP1, Panel1
	G2 is introduced to accommodate for different cross-pol correlation per UE panel
· Observation 6: The cross-pol matrices G1 G2 are defined as- 	
	and
· Observation 7: The terms g1, g2 depend on UE panel implementation/ orientation.
· Observation 8: The polarization correlation matrix for 2TRPs can be extended as:
· 
· Observation 9: The terms p,q,r,s model the gains from beam forming from the main lobe and leakage from side lobes. 
· Observation 10: The terms p,q,r,s model depend on the TRP separation.
· Observation 11: The beamforming correlation matrix s defined as ), where RTRP1-UE and RTRP2-UE are defined based on p,q,r,s in eqn 15. 
· Observation 3 (Qualcomm):
· Inter-module correlation between the UE RX antenna modules can be ignored.
· Observation 4 (Ericsson):
· Considering the test will be in IFF conditions, we can assume far fields wave propagation conditions for AoA offset.
· Proposals:
· Option 1 (Nokia): 
· We propose to model the received signal as: , where , and represents the Inter-TRP relative contribution controlled outside of the OTA chamber.
· We propose a simplified parameterized version of HOTA,1+1 to be: 
· We propose a simplified parameterized HOTA,2+2 to be: .
· We propose the deterministic values of HOTA,1+1 for OTA probe AoA delta of 30, 60, 90, 120, 150 to be as in table: 
	
	AoA 30
	AoA 60
	AoA 90
	AoA 120
	AoA 150

	 
	0.1
	0.01
	0.01
	0.02
	0.03



· We propose the deterministic values of HOTA,2+2 for OTA probe 30, 60, 90, 120, 150 to be as in table:
	
	AoA 30
	AoA 60
	AoA 90
	AoA 120
	AoA 150

	 
	0.04
	0.025
	0.04
	0.06
	0.09

	 
	0.040
	0.02
	0.004
	0.02
	0.01

	 
	0.005
	0.004
	0.004
	0.01
	0.005



· Option 2 (Qualcomm): 
· Consider the correlation model assuming cross-talk between the TRPs and UE Rx antenna modules as presented below.

· Assume the  value, i.e., the cross-talk terms to be at least 10dB weaker than the direct channel links (between the TRPs and UE antenna modules).
· Option 3 (Apple): 
· Use the proposed model and further study how to determine the coefficients to define the correlation matrix.
· Option 4 (Ericsson): 
· Considering same AoA offset at both Rx chains, assume TRxP1 – UE beam direction as a reference, while TRxP2- UE beam direction forms the AoA offset.
· Referring to above proposal, Let
· Let  be the (2NRx x Nlayer,1) channel matrix between the 1st transmit TRxP, TRP1, and the UE,
· Let  the (2NRx x Nlayer,2) channel matrix between the 2nd transmit TRxP, TRP2, and the UE,
· Define  and  MIMO correlation matrices as per clause B.2.3.1 or clause B.2.3.2 of TS 38.101-4,
· Define  and  MIMO correlation matrices as per clause B.2.3.1 or clause B.2.3.2 of TS 38.101-4,
· Consider the AoA offset in  and  only
· Option 5: 
· Reuse the current MIMO correlation matrix calculation methods defined in RAN4 spec to generate correlation matrix for each TRP-to-RX MIMO channel matrix . Channel matrices from different TRPs to a Rx chain, i.e.,  vs , are assumed to be statistically independent.
· MIMO channel matrices from a TRP to two Rx chains, i.e.,  vs , can be correlated, and the correlation coefficient between two Rx chains can be categorized as low (independent), medium and high which may depend on the AoA offset between two beam pairs. FFS: exact value of .
· Recommended WF:
· Moderator’s note: OTA related proposals should be discussed separately under [331] FS_NR_FR2_OTA_enh. Proponents of such proposals are encouraged to attend the ad-hoc session for the OTA Test SI.
· Encourage comments if any.
Issue 1-1-2: Beam pair selection for demodulation performance requirements.
· Proposals
· Option 1 (Nokia): The agreement on TRP to module paring from WF R4-2306604 using “Option1: UE assigns ‘first’ module to track TRP that yields highest RSRP among all TRPs. The best of the other modules is assigned to track the other TRPs.” as baseline is a good approach and can be modelled using HOTA.
· Recommended WF:
· Encourage comments if any.

Issue 1-1-3: Test method for demodulation requirements for FR2 multi-Rx.
· Observations
· Observation 1 (Qualcomm):
· Real OTA testing may include impairment due to RF, hence demod requirements may not be truly tested in the presence of such impairments.
· Observation 2 (MediaTek):
· The split to emulator and simulator channels has not been captured in the earlier proposals
· In OTA testing, we employ channel model Hemulator (4x4) between TRPs and TX-probes
· Chamber channel Hchamber is not fading, but rather constant and deterministic for a given physical TX-probe and UE-panel setup (depending on AoA).
· Proposals
· Option 1 (Qualcomm): RAN4 to adopt virtual cable setup to test the FR2 multi-Rx demodulation requirements as discussed in NR FR2 OTA enhancements.
· Option 2 (MediaTek): 
· Confirm understanding of test setup in chamber
· Option 1: Install probes in test chamber according to defined AoA and keep emulator channel independent of the AoA
· Option 2: Install probes in test chamber in 90 angle and model AoA in channel emulator.
· Other options are not precluded
· In corresponding simulations, we employ the same model Hemulator concatenated with a model of the chamber channel Hchamber (4x4) → Hsimulator = Hchamber ∙ Hemulator. 
· We need to specify the properties of both Hchamber and Hemulator explicitly.
· In Hemulator set H12 and H21 as all zeros, and model H11 and H22 as mutually independent 2x2 fading channels that can follow some existing 3GPP correlation model (for example 2x2 Xpol high)
· Define , where γ depends on AoA.
· Recommended WF:
· Moderator’s note: OTA related proposals should be discussed separately under [331] FS_NR_FR2_OTA_enh. Option 1 is to adopt the related agreement from FS_NR_FR2_OTA_enh.
· Encourage comments if any.

Issue 1-1-4: Receiver assumption.
· Observations:
· Observation 1 (Apple): 
· The multi-TRP transmission scheme and conditions could be used to determine whether per TRP link processing or joint 4x4 processing is used.
· Observation 2 (Ericsson): 
· It is obvious that each method has its advantages and disadvantages.
· Proposals
· Option 1 (Nokia): Joint processing 4x4 shall be considered especially in scenarios where the angular offset is small and the inter-TRP interference is sufficiently high.
· Option 2 (Huawei): Only consider UE perform separate processing with 2x2 channel matrix per TRP for FR2 multi-Rx demodulation requirements definition.
· Option 3 (Ericsson): Further discussion with companies on the pros and cons of each UE receiver schemes are needed:
· eMMSE-IRC for 4T4R UE joint processing. 
· MMSE-IRC for 2T2R MIMO processing per TRxP.
· Option 4 (Apple): 
· Evaluate both per TRP link and joint processing for mDCI fully overlapping and sDCI SDM transmission schemes. 
· Use per TRP link processing for mDCI non-overlapping case.
· Option 5 (Qualcomm, MediaTek, NTT): 
· Keep both options (independent and joint processing) open at this point of evaluation.
· Companies are encouraged to bring results evaluating both independent and joint processing in August meeting.
· Recommended WF:
· Encourage comments if any.

Issue 1-1-5: Number of receive antennas per Rx chain.
· Proposals
· Option 1 (Ericsson): 2.
· Recommended WF:
· Encourage comments if any.

Issue 1-1-6: Transmission mode for demodulation requirements.
· Proposals
· Option 1 (Ericsson): TDD mode only
· Recommended WF:
· Encourage comments if any.
  
Topic #1: PDSCH Demodulation Requirements
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2309686
	Qualcomm
	Proposal 1: Consider TDLA30-75 for 100MHz/120KHz (Option 3). 
Proposal 2: One PTRS port per TRP for both sDCI and mDCI schemes (Option 1). 
Proposal 3: Use the time offset between the two TRPs transmission points as {0.25us, -0.0625us} (Option 1).
Proposal 4: Consider 600Hz frequency offset between TRPs (Option 2).

	R4-2308119
	NTT
	Proposal 1: We would like to consider both Options (i.e. 2x2 Per TRP and Jointly processing as 4x4) unless there is only small performance difference between them.
Proposal 2: Define TDLA30-75 for 100MHz/120KHz, but TDLA30-300 for 100 MHz/120 kHz is also fine for us.
Proposal 3: Define CSI requirements with 2-port per TRP as a minimum. In addition to requirements with 2-port per TRP, requirements with 4-port pert TRP can be included.

	R4-2307333
	Apple
	Proposal #1: Only consider TDLA30-75 for 100MHz/120KHz for initial evaluation. 
Observation #1: The intention of option 2 is not clear -does it mean no PTRS for mDCI, or a different PTRS configuration for mDCI.
Proposal #2: Configure 1 PTRS port per TRP for both sDCI and mDCI schemes.
Proposal #3: Use time offset of TRP1 with respect to TRP2 as {0.2us, -0.05us} for different test cases.
Observation #2: The rationale for 3000Hz offset between TRPs in FR2 is unclear. 
Proposal #4: Use frequency offset of 400 or 600 Hz for performance evaluation and requirements. 

	R4-2307473
	Nokia
	Channel model
Observation 1: It was agreed in RAN4#106 to include TDLA30-75 channel model.
Observation 2: Introduction of additional doppler settings can be further discussed based on simulation results.
Proposal 1: Use TDLA30-75 channel model as baseline for 120kHz/100MHz requirements.
PTRS Port
Observation 3: It cannot be assumed that each TRP will be received with the same phase difference, hence there is a need for transmitting PT-RS on each TRP. 

Proposal 2: Use one PTRS port per TRP for both sDCI and mDCI schemes (Option 1)
Time offset between TRPs
Observation 4: Based on earlier agreements in RAN4 on calculation of time offset, we see using {0.25us, -0.0625us} as acceptable. 
Proposal 3: Use the time offset between the two TRPs transmission points as {0.25us, -0.0625us} and further discuss which time offset use with which configuration.
Frequency offset between TRPs
Observation 5: We see the most globally used band for FR2-1 in deployment to be n257. With max 0.1ppm deviation on the gNB, we can set the frequency offset between the two TRPs to 3000Hz as a starting point.
Proposal 4: Select 3000Hz frequency offset for all demodulation cases as starting point (option 1). Final frequency offset can be selected pending test feasibility.

	R4-2308887
	Huawei
	1. Consider TDLA30-300 channel model for FR2 multi-Rx performance requirements.
Only configure one port PTRS for single-DCI SDM scheme for FR2 multi-Rx demodulation requirements.
Select following value for timing offset of the second TRxP from the first TRxP for demodulation cases.
	
	Timing offset[us]

	Multi-DCI based multi-TRP
	non-overlapping
	-0.0625

	
	full-overlapping
	-0.0625

	Single-DCI based multi-TRP
	SDM
	0.25



Select 3000Hz frequency offset for all demodulation cases.

	R4-2307852
	MediaTek
	Proposal 1: We support Option 3.
Observation 1: Two port PTRS for Single-DCI SDM scheme is optional feature for UE.
Proposal 2: We support Option 2. Two port PTRS for Single-DCI SDM scheme is optional feature for UE and we should define minimum requirements.
Proposal 3: We support Option 1.
Proposal 4: We support Option 2 and Option 3.
Observation 1: In mTRP multi-DCI fully and partial overlapping transmission schemes TRPs are using different CDM group for PDSCH and DM-RS.
Observation 2: PDSCH RE allocation is not overlapping with PT-RS allocation.
Observation 3: PT-RS RE allocation in CDM group 0 uses even RE offsets, and in CDM group 1 uses odd RE offsets.
Proposal 5: Companies confirm their understanding of PDSCH rate matching in mTRP transmission scheme with PT-RS
Proposal 6: If there are any controversial views on Proposal #5 or the RAN1 specification is ambiguous, consider sending LS to RAN1 for specification clarification request

	R4-2308945
	Ericsson
	Proposal 1: For mDCI, consider one port per TRxP for PTRS.
Proposal 2: Considering that the capability parameter ‘supportTwoPortDL-PTRS-r16’ is not mandatory (optional), we can consider only one PTRS port for sDCI SDM based scheme.
Proposal 3: For NR FR2-1 multi-Rx chain DL reception, consider sDCI SDM based scheme and mDCI with full or non-overlapping resource allocation scheme with timing and frequency offsets between TRxPs as follow
· Timing offset of the second TRxP from the first TRxP [us] as -0.0625 or 0.25.
· Frequency offset of the second TRxP from the first TRxP [Hz] as 3000 or 0.
Proposal 4: Define PDSCH Type A demodulation requirements for
· Single-DCI based SDM scheme using 1+1- and 2+2-layer combination
· Multi-DCI with full overlapping resource allocation using 2+2-layer combination
· Multi-DCI with non-overlapping resource allocation using 2+2-layer combination
Proposal 5: Consider PDSCH test cases for sDCI based SDM scheme as follow
Table 1: Test Parameters
	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) 
	
	2

	
	Length (L)
	
	12

	
	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 
	1002

	
	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-overlappling

	Timing offset of the second TRxP from the first TRxP
	us
	-0.0625 for test 1-1 and test 1-3
0.25 for test 1-2 and test 1-4

	Frequency offset of the second TRxP from the first TRxP
	Hz
	3000 for test 1-1 and test 1-3
0 for test 1-2 and test 1-4

	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)



Table 2: Minimum performance
	Test num.
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	TDD UL-DL pattern
	Propagation condition
(Note 1)
	Correlation matrix and antenna configuration
(Note 2)
	Reference value

	
	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)
(Note 3)

	1-1
	R.PDSCH.5-3.2 TDD
	40 / 30
	64QAM, 0.43
	FR2.120-1
	TDLA30-300
	2x4, ULA Low
	70
	TBD

	1-2
	R.PDSCH.5-3.2 TDD
	40 / 30
	64QAM, 0.43
	FR2.120-1
	TDLA30-300
	2x4, ULA Low
	70
	TBD

	1-3
	R.PDSCH.5-2.2 TDD
	40/30
	16QAM, 0.48
	FR2.120-1
	TDLA30-300
	2x4, ULA Medium
	70
	TBD

	1-4
	R.PDSCH.5-2.2 TDD
	40/30
	16QAM, 0.48
	FR2.120-1
	TDLA30-300
	2x4, ULA Medium
	70
	TBD

	Note 1:	The propagation conditions apply to each of TRxP #1 and TRxP #2 and are statistically independent
Note 2:	Correlation matrix and antenna configuration parameters apply to each of TRxP #1 and TRxP #2
Note 3:	SNR corresponds to SNR of TRxP #1 and TRxP #2 as defined in 4.4.2 [3] with scaling factor as 1/sqrt(2) for transmitted signal from each TRxP



Proposal 6: Consider PDSCH test cases for mDCI with full overlapping resource allocation as follow
Table 3: Test Parameters
	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) 
	
	2

	
	Length (L)
	
	12

	
	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 for test 1-1
0.25 for test 1-2 

	Frequency offset of the second TRxP from the first TRxP
	Hz
	3000 for test 1-1
0 for test 1-2

	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



Table 4: Minimum performance
	Test num.
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	TDD UL-DL pattern
	Propagation condition(Note 1)
	Correlation matrix and antenna configuration(Note 2)
	Reference value

	
	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)(Note 3)

	
	TRxP #1
	TRxP #2
	
	
	
	
	
	
	

	1-1
	R.PDSCH.5-2.2 TDD
	R.PDSCH.5-2.2 TDD
	100/120
	16QAM, 0.48
	FR2.120-1
	TDLA30-300
	2x4, ULA Low
	70
	TBD

	1-2
	R.PDSCH.5-2.2 TDD
	R.PDSCH.5-2.2 TDD
	100 / 120
	16QAM, 0.48
	FR2.120-1
	TDLA30-300
	2x4, ULA Low
	70
	TBD

	Note 1:	The propagation conditions apply to each of TRxP #1 and TRxP #2 and are statistically independent
Note 2:	Correlation matrix and antenna configuration parameters apply to each of TRxP #1 and TRxP #2
Note 3:	SNR corresponds to SNR of TRxP #1 and TRxP #2 as defined in 4.4.2 [3]



Proposal 7: Consider PDSCH test cases for mDCI with non-overlapping scheme as follow
Table 5: Test Parameters
	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) 
	
	2

	
	Length (L)
	
	12

	
	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

	Frequency offset of the second TRxP from the first TRxP
	Hz
	3000

	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


Table 6: Minimum performance
	Test num.
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	TDD UL-DL pattern
	Propagation condition(Note 1)
	Correlation matrix and antenna configuration(Note 2)
	Reference value

	
	
	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)(Note 3)

	
	TRxP #1
	TRxP #2
	
	
	
	
	
	
	

	1-1
	R.PDSCH.5-2.2 TDD
	R.PDSCH.5-2.2 TDD
	100/120
	16QAM, 0.48
	FR2.120-1
	TDLA30-300
	2x4, ULA High
	70
	TBD

	Note 1:	The propagation conditions apply to each of TRxP #1 and TRxP #2 and are statistically independent
Note 2:	Correlation matrix and antenna configuration parameters apply to each of TRxP #1 and TRxP #2
Note 3:	SNR corresponds to SNR of TRxP #1 and TRxP #2 as defined in 4.4.2 [3]






Open issues summary
List of open issues
· Sub-topic 2-1 Simulation assumptions for PDSCH demodulation requirements
· Issue 2-1-1: Channel model
· Issue 2-1-2: PTRS port sDCI schemes
· Issue 2-1-3: PTRS port for mDCI schemes
· Issue 2-1-4: Time offset between TRPs.
· Issue 2-1-5: frequency offset between TRPs
· Issue 2-1-6: PDSCH rate matching in mTRP transmission
· Issue 2-1-7: frequency offset between TRPs
· 
· Issue 2-1-8: Test cases and simulation parameters for sDCI SDM
· Issue 2-1-9: Test cases and simulation parameters for mDCI fully overlapping.
· Issue 2-1-10: Test cases and simulation parameters for mDCI non-overlapping
Sub-topic 2-1: Simulation assumptions for PDSCH demodulation requirements
Issue 2-1-1: Channel model
· Observations
· Observation 1 (Nokia): 
· It was agreed in RAN4#106 to include TDLA30-75 channel model.
· Introduction of additional doppler settings can be further discussed based on simulation results.
· Proposals
· Option 1 (Qualcomm, Apple, NTT, Nokia, MediaTek): TDLA30-75 for 100 MHz/120 kHz
· Option 2 (Ericsson, NTT, Huawei): Consider TDLA30-300 for 100 MHz/120 kHz.
· Recommended WF:
· Encourage comments if any.

Issue 2-1-2: PTRS Port for sDCI schemes
· Observations
· Observation 1 (Nokia):
· It cannot be assumed that each TRP will be received with the same phase difference, hence there is a need for transmitting PT-RS on each TRP.
· Proposals
· Option 1 (Qualcomm, Nokia, Apple): One PTRS port per TRP for sDCI schemes
· Option 2 (Huawei, Ericsson, MediaTek): One PTRS port for sDCI SDM based scheme.
· Recommended WF:
· Encourage comments if any.

Issue 2-1-3: PTRS Port for mDCI schemes
· Observations
· Observation 1 (Apple):
· The intention of option 2 is not clear -does it mean no PTRS for mDCI, or a different PTRS configuration for mDCI.
· Observation 2 (Nokia):
· It cannot be assumed that each TRP will be received with the same phase difference, hence there is a need for transmitting PT-RS on each TRP.
· Proposals
· Option 1 (Qualcomm, Nokia, Apple, Ericsson, MediaTek): One PTRS port per TRP for mDCI schemes
· Recommended WF:
· Please check if Option 1 can be agreed.

Issue 2-1-4: Time offset between TRPs
· Observations
· Observation 1 (Nokia): Based on earlier agreements in RAN4 on calculation of time offset, we see using {0.25us, -0.0625us} as acceptable.
· Proposals
· Option 1 (Nokia, Qualcomm, Ericsson, MediaTek):
· Use the time offset between the two TRPs transmission points as {0.25us, -0.0625us}.
· Further discuss which time offset to be used with certain configurations.
· Option 2 (Apple):
· Use time offset of TRP1 with respect to TRP2 as {0.2us, -0.05us} for different test cases.
· Option 3 (Huawei): 
· Select following value for timing offset of the second TRxP from the first TRxP for demodulation cases.
	
	Timing offset[us]

	Multi-DCI based multi-TRP
	non-overlapping
	-0.0625

	
	full-overlapping
	-0.0625

	Single-DCI based multi-TRP
	SDM
	0.25



· Recommended WF:
· Encourage comments if any.

Issue 2-1-5: Frequency offset between TRPs
· Observations
· Observation 1 (Nokia): We see the most globally used band for FR2-1 in deployment to be n257. With max 0.1ppm deviation on the gNB, it is feasible to set the frequency offset between the two TRPs to 3000Hz
· Observation 2 (Apple): The rationale for 3000Hz offset between TRPs in FR2 is unclear.
· Proposals
· Option 1 (Nokia, Huawei, Ericsson): Select 3000Hz frequency offset for all demodulation cases as starting point.
· Option 2 (Qualcomm, Apple, MediaTek): 600Hz
· Option 3 (Apple): 400Hz
· Recommended WF:
· Encourage comments if any.
Issue 2-1-6: PDSCH rate matching in mTRP transmission
· Observations
· Observation 1 (MediaTek):
· In mTRP multi-DCI fully and partial overlapping transmission schemes TRPs are using different CDM group for PDSCH and DM-RS.
· PDSCH RE allocation is not overlapping with PT-RS allocation.
· PT-RS RE allocation in CDM group 0 uses even RE offsets, and in CDM group 1 uses odd RE offsets.
· Proposals
· Option 1 (MediaTek): PT-RS allocation does not overlap with PDSCH allocation per TRP.
· Option 2 (MediaTek): PT-RS allocation does not overlap with any PDSCH allocation.
· Recommended WF:
· Encourage comments if any.

Issue 2-1-7: Sending an LS to RAN1 for specification clarification on PTRS rate matching behaviour for mTRP transmission (if ambiguous)
· Proposals
· Option 1 (MediaTek): Yes
· Recommended WF:
· Encourage comments if any.

Issue 2-1-8: Test cases and simulation parameters for sDCI SDM
· Proposals
· Option 1 (Ericsson): Consider PDSCH test cases and simulation parameter for sDCI based SDM scheme as presented in Tables 1 and 2.
· Recommended WF:
· Encourage comments if any.

Issue 2-1-9: Test cases and simulation parameters for mDCI fully overlapping.
· Proposals
· Option 1 (Ericsson): Consider PDSCH test cases and simulation parameter for mDCI based SDM scheme as presented in Tables 3 and 4.
· Recommended WF:
· Encourage comments if any.

Issue 2-1-10: Test cases and simulation parameters for mDCI non-overlapping
· Proposals
· Option 1 (Ericsson): Consider PDSCH test cases and simulation parameter for mDCI based non-overlapping scheme as presented in Tables 5 and 6.
· Recommended WF:
· Encourage comments if any.
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Topic: CSI Reporting Requirements
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2307334
	Apple
	Observation 1: In FR2 2 CSI-RS ports would be a more practical assumption than 4 or 8 since there is analog beam forming.
Proposal 1: For PMI reporting with mTRP in FR2 use 2 CSI-RS ports per TRP as assumption. 
Observation 2: It is unclear if additional TE behaviour is assumed with LI reporting and how it is captured in spec.
Observation 3: Further clarification is needed for including LI report.
Proposal 2: Further discuss if LI reporting is needed for PMI test case in FR2.

	R4-2307474
	Nokia
	Observation 1: 4 CSI-RS ports per TRP will be seen for most practical deployments.
Proposal 1: Use 4 CSI-RS ports per TRP (option 3)
Observation 2: It seems sufficient to fix the PT-RS port as per usual.
Proposal 2: Do not assume LI in report quantity for MultiRx (option 2)

	R4-2308946
	Ericsson
	Proposal 1: Define single PMI reporting requirements for sDCI SDM based scheme using 4 ports TypeI-SinglePanel codebook and 1 MIMO layer per TRxP.
Proposal 2: Consider PDSCH Reference Channel for TDD PMI reporting requirements with UL-DL pattern FR2.120-2 as given by TS 38.101-4 Table A.3.2.2.5-8, with MCS Table 64QAM and MCS index MCS13 (16QAM with CR = 0.48).
Proposal 3: Consider the following parameters to define PMI reporting requirements for sDCI SDM based scheme.
Table 7: Test parameters
	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

	Bandwidth
	MHz
	100

	Subcarrier spacing
	kHz
	120

	TDD DL-UL configurations
	
	FR2.120-1 as specified in Annex A of TS 38.101-4

	Active DL BWP index
	
	1

	Propagation channel
	
	TDLA30-75

	Antenna configuration per TRxP
	
	High XP 4 x 4   (N1,N2) = (2,1)

	Beamforming Model
	
	As specified in Annex B.4.1 of TS 38.101-4

	Physical channel for CSI report
	
	PUSCH

	CQI/RI/PMI delay 
	ms
	1.375

	Maximum number of HARQ transmission
	
	4

	Measurement channel
	
	R.PDSCH.5-7.1 TDD




	R4-2308886
	Huawei
	1. 4-port per TRP for FR2 multi-Rx PMI reporting requirements for single-DCI transmission scheme.
Only consider cri-RI-PMI-CQI report quantity for multi-Rx FR2.

	R4-2309687
	Qualcomm
	Proposal 1: For PMI reporting requirement, consider 2-port per TRP (Option 4). 
Proposal 2: Include LI in the report quantity to facilitate PTRS port mapping (Option 1).

	R4-2307853
	MediaTek
	Proposal 1: We support Option 4.
Proposal 2: We are fine with Option 1 but can also accept Option 2.



Open issues summary
List of open issues
· Sub-topic 3-1 Simulation assumptions
· Issue 3-1-1: Number of CSI-RS ports
· Issue 3-1-2: Whether to assume LI in report quantity for multi-Rx FR2
· Issue 3-1-3: Simulation parameters for PMI reporting requirement for sDCI SDM scheme
Sub-topic 3-1: Simulation assumptions
Issue 3-1-1: Number of CSI-RS ports
· Observations
· Observation 1 (Nokia): 
· 4 CSI-RS ports per TRP will be seen for most practical deployments.
· Observation 2 (Apple): 
· In FR2 2 CSI-RS ports would be a more practical assumption than 4 or 8 since there is analog beam forming.
· Proposals
· Option 1 (Qualcomm, MediaTek, Apple, NTT): 2-port per TRP.
· Option 2 (Nokia, Ericsson, Huawei, NTT): 4-port per TRP.
· Recommended WF:
· Encourage comments if any.

Issue 3-1-2: Whether to assume LI in report quantity for multi-Rx FR2.
· Observations
· Observation 1 (Apple): 
· It is unclear if additional TE behavior is assumed with LI reporting and how it is captured in spec.
· Further clarification is needed for including LI report.
· Observation 2 (Nokia): 
· Observation 2: It seems sufficient to fix the PT-RS port as per usual.
· Proposals
· Option 1 (Qualcomm, MediaTek): Yes.
· Option 2 (Nokia, Huawei): No.
· Option 3 (Apple): Further discuss if LI reporting is needed for PMI test case in FR2.
· Recommended WF:
· Encourage comments if any.

	Issue 3-1-3: Simulation parameters for PMI reporting requirement for sDCI SDM scheme
· Proposals
· Option 1 (Ericsson): 
· Consider the parameters in Table 7 to define PMI reporting requirements for sDCI SDM based scheme.
· Consider PDSCH Reference Channel for TDD PMI reporting requirements with UL-DL pattern FR2.120-1 as given by TS 38.101-4 Table A.3.2.2.5-8, with MCS Table 64QAM and MCS index MCS13 (16QAM with CR = 0.48).
· Recommended WF:
· Encourage comments if any.

