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Introduction
Rel-15 FR2 UE performance requirements are limited up to 2 DL layers with the assumption that UE is equipped with a single panel antenna. The DL reception in this scenario is performed using a single Rx beam. On the other hand, 4L MIMO reception requires beam reception form at least directions in FR2, for which no performance requirement has been defined.
As part of the eMIMO WI in Rel-16, multi-TRP and multi-panel support were studied which included reception of simultaneous as well as non-simultaneous multiple beams from multi-TRP/panels. This requires the support of simultaneous multi-panel operation with independent Rx beams/chains at the UE side. To this end, a new FR2 UE capability, i.e., simultaneousReceptionDiffTypeD-r16 for simultaneous multi-beam reception was also introduced. Following WID, the objectives of this WI are as follows:
· 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.

Since this is the first demod meeting for this WI, discussions can take place focusing on the scope of performance requirements and identifying potential impact to the UE demodulation and CSI reporting requirements. Besides, the test setups and simulation assumptions can also be discussed to facilitate design of relevant test cases.
Topic #1: General Aspects for FR2 Multi-Rx Demod
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2300832
	Samsung
	Proposal 1: The discussion about multi-Rx chain DL reception should base on the same assumption about the definition of UE panel and UE antenna module as UE RF agreement.
Proposal 3: Both single-DCI and multi-DCI scenarios should be introduced in NR FR2-1 multi-Rx chain DL reception demodulation performance requirement.

	R4-2300255
	Apple
	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. 

	R4-2300701
	Nokia
	Observation 1: The definition of antenna modules and panels are agreed by RAN4/RF in “R4-2220533 - WF on UE RF requirements for FR2_multiRx_UERF, RAN4#105, Toulouse, France, November 14 – November 18, 2022”
Proposal 1: Use the existing agreement from RF in [R4-2220533] section 1.1.8 for definition of the terms of antenna module and antenna panel. Unless otherwise stated, an antenna module is reserved to denote specific antenna arrays being placed in certain position of the UE. An antenna panel shall then be used to refer to a subset of an antenna module which is associated with a beam.
Observation 2: A UE can have different antenna modules positioned on different sides or back with following potential configurations:
-	One antenna module can potentially be configured as one or more antenna panels assuming the array consists of 2 or more antenna points.
· Two panels on different antenna modules can interfere with each other in situations where the Angle of Arrival (AoA) is narrow. In case of wide AoA interference across panels is less likely to occur.
· Two panels on same antenna module will likely interfere with each other independent of AoA.

Observation 5: The correlation matrix for legacy FR1 [TS38.901] requirements is valid for conductive testing, however since FR2-1 tests have to be OTA this matrix is no longer applicable for the 4Rx or 2x2Rx setup needed for multi-Rx 4 layer case. We see a strong need to define a new spatial correlation matrix for link level simulations equivalent to OTA setup for Multi-Rx demodulation.
Proposal 2: Define a new correlation matrix that is valid for FR2-1 in a Multi-TRP and Multi-Rx context to facilitate link level simulations for OTA demodulation performance requirements definition.

	R4-2302201
	Huawei
	Wait RF agreement and then discuss whether to reuse the same metric to find the best beam pair for demodulation cases if feasible.
In case the best beam pair found by reusing same metric as RF side is not feasible for demodulation test since reason such as too low testable SNR from one AoA, to achieve higher enough testable SNR from both AoAs, select the beam pair direction, which minimum EIS value is selected for the worse beam in beam pair from all candidate beam pairs.



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: Whether to assume UE RF agreement about the definition of UE panel and UE antenna module for multi-Rx chain DL reception
· Issue 1-1-2: Whether to limit the scope of demod requirements for multi-TRP transmission schemes to intra-cell mTRP in FR2
· Issue 1-1-3: Whether to introduce a new correlation matrix for FR2-1 in a Multi-TRP and Multi-Rx context for OTA demodulation performance requirements.
· Issue 1-1-4: Best beam pair selection for demodulation performance requirement.
· 

Sub-topic 1-1: General aspects for FR2-1 multi-Rx chain DL reception
Issue 1-1-1: Whether to assume UE RF agreement about the definition of UE panel and UE antenna module for multi-Rx chain DL reception
· Observations
· Observation 1 (Nokia):
· The definition of antenna modules and panels are agreed by RAN4/RF in “R4-2220533 - WF on UE RF requirements for FR2_multiRx_UERF, RAN4#105, Toulouse, France, November 14 – November 18, 2022”
· Proposals
· Option 1 (Samsung, Nokia):
· Use the existing agreement from RF in [R4-2220533] for definition of the terms of antenna module and antenna panel.
· Recommended WF:
· Please check whether option 1 can be agreed.

Issue 1-1-2: Whether to limit the scope of demod requirements for multi-TRP transmission schemes to intra-cell mTRP in FR2
· Proposals
· Option 1 (Apple): Yes
· Recommended WF:
· Encourage comments if any.

Issue 1-1-3: Whether to introduce a new correlation matrix for FR2-1 in a Multi-TRP and Multi-Rx context for OTA demodulation performance requirements
· Observations
· Observation 1 (Nokia):
· The correlation matrix for legacy FR1 [TS38.901] requirements is valid for conductive testing, however since FR2-1 tests have to be OTA this matrix is no longer applicable for the 4Rx or 2x2Rx setup needed for multi-Rx 4 layer case. 
· Proposals
· Option 1 (Nokia): Define a new correlation matrix that is valid for FR2-1 in a Multi-TRP and Multi-Rx context to facilitate link level simulations for OTA demodulation performance requirements definition.
· Recommended WF:
· Encourage comments if any.
Issue 1-1-4: Best beam pair selection for demodulation performance requirements.
· Proposals
· Option 1 (Huawei): 
· Wait for RF agreement and then discuss whether to reuse the same metric to find the best beam pair for demodulation cases if feasible.
· In case the best beam pair found by reusing same metric as RF side is not feasible for demodulation test since reason such as too low testable SNR from one AoA, to achieve higher enough testable SNR from both AoAs, select the beam pair direction, which minimum EIS value is selected for the worse beam in beam pair from all candidate beam pairs.
· Recommended WF:
· Encourage comments if any.

Topic #1: PDSCH Demodulation Requirements
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2300975
	Qualcomm
	Proposal 1: RAN4 to consider dual-TCI configuration for PDSCH demodulation requirements. 
Proposal 2: For PDSCH demodulation requirement, consider 2-layer transmission from each TRP. 
Proposal 3: Consider MMSE receiver assumption for sDCI transmission. 
Proposal 4: Consider per-TRP MMSE receiver for mDCI based multi-TRP transmission (if mDCI is adopted).
Proposal 5: Consider fully overlapping resources with SDM DMRS ports for mDCI and SDM scheme for sDCI. 
Proposal 6: One port per TRP for PTRS should be considered for both sDCI and mDCI configurations.
Proposal 7: Consider reasonable time and frequency offsets between TRPs suitable for FR2, e.g., scale time and frequency offsets assumed in Rel-17 FR1 mTRP requirements as a starting point.


	R4-2300832
	Samsung
	Observation 1:  For the demodulation performance requirements introduced in RAN4 of NR FR1 multi-TRPs, the maximum number of total layers is limited to two layers.
Proposal 2: Define demodulation performance requirements in RAN4 for NR FR2-1 multi-Rx chain DL reception, and the maximum number of total layers up to 4 layers.
Proposal 4: For NR FR2-1 multi-Rx chain DL reception, add one more case for Multi-DCI scenario, with 2+2 layers SDM transmission scheme. 
Proposal 5: For NR FR2-1 multi-Rx chain DL reception, reuse current three multi-TRP/Panel performance requirements cases for FR1 eMBB scenario, with necessity updates, e.g. QCL-info, timing offset, frequency offset. Meanwhile, update one single-DCI multi-TRP/Panel performance requirement case to 2+2 layers SDM transmission scheme in order to reach up to 4 DL MIMO layers.
Proposal 6: For NR FR2-1 multi-Rx chain DL reception, TCI configuration of QCL type D should be introduced as below.
Proposal 7: As staring point of NR FR2-1 multi-Rx chain DL reception, timing offset of the second TRP from the first TRP: 
FR2-1 TDD (120 kHz SCS): 0.25 us, -0.0625 us
Proposal 8: As staring point of NR FR2-1 multi-Rx chain DL reception, frequency offset of the second TRP from the first TRP for FR2 TDD (120 kHz SCS) set as 600Hz, and decide the final frequency offset value according simulation results. 
Proposal 9: For NR FR2-1 multi-Rx chain DL reception, consider the power imbalance configuration for different TRPs, the power difference value should be in limited range of [X]dB, e.g. X=3. 
Proposal 10: For NR FR2-1 multi-Rx chain DL reception, define test applicability, which once UE could pass multi-DCI related demodulation performance requirements, it can skip the single-DCI related demodulation performance requirements.

	R4-2300255
	Apple
	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. 

	R4-2300701
	Nokia
	Observation 6: The perceived H matrix (whether 2 times 2x2 or 4x4) depends highly on the UE inter panel beam orthogonality/spatial filtering. The perceived H matrix in downlink does not depend on sDCI or mDCI where the main limitation is the CSI reporting. 

Observation 7: AoA of each TRP signal and the corresponding UE beam shape and steering will determine the inter-TRP interference of the H matrix. 
Proposal 3: Interested companies can provide simulations to quantify the magnitude of the inter-TRP interference and inter-TRP power/SNR imbalance impacting the H matrix modelling for different relevant use cases.
Observation 8: There can be different definitions of AoA without prior agreements of the reference point and there can be many possibilities of AoAs from both TRPs to be considered as the candidate for OTA test. Hence, the angular offset between the AoAs from both TRPs for test measurements can have many possibilities to choose from.
Observation 9: Following R4-2219852 the Angles of Arrival of the signals from the test probes corresponding to the two TRPs can be reused from RF mRx track if available. 
Proposal 4: The probes shall be fixed and positioned in same planar cut of the test sphere grid (xz plane).
Proposal 5: There shall be a single or multiple fixed Angular offset pairs between the test probes for OTA requirements as described in R4-2219852.  
Proposal 6: The first probe and the second probe shall be placed in such a way that the first probe will be fixed at an AoA of 0 degrees while the AoA of the signal from the second probe can assume values of [30][,60][, 90][, 120][, 150] degrees. 
Proposal 7: Define UE demodulation performance requirements for at least the following four scenarios:
Scenario 1: mTRP sDCI with balanced power and low UE Beam orthogonality (resulting from narrow delta AoA).
Scenario 2: mTRP sDCI with imbalanced power and high UE Beam orthogonality (resulting from wide delta AoA).
Scenario 3: mTRP mDCI with balanced power and low UE Beam orthogonality (resulting from narrow delta AoA).
Scenario 4: mTRP mDCI with imbalanced power and high UE Beam orthogonality (resulting from wide delta AoA).

	R4-2302201
	Huawei
	1. Only define non-overlapping cases for multi-DCI based multi-TRP transmission scheme.
Only define SDM and FDM SchemeA cases for single-DCI based multi-TRP transmission scheme.
Observation 1: Overview of RAN1 features and RAN4 scope in Rel-16 and Rel-17 are shown below.
	
	Rel-16 RAN1 features
	Is in Rel-16 RAN4 scope
	Proposed Rel-17 RAN4 scope

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

	
	fully overlapping
	×
	×

	
	partially overlapping
	×
	×

	Single-DCI based multi-TRP
	SDM
	√
	√

	
	FDM SchemeA
	√
	√

	
	FDM SchemeB
	×
	×

	
	TDM SchemeA
	×
	×

	
	inter-slot TDM
	√
	×



To ensure the test feasibility as much as possible, some modification from FR1 cases should be considered such as reduce MCS and reduce number of layers based on simulation results.
Select 120kHz SCS for all cases.
For the bandwidth, further evaluate is needed based on the conclusion of the test feasibility issue mentioned above.
Select TDLA30-75 for all cases.
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

	Single-DCI based multi-TRP
	SDM
	0.25

	
	FDM SchemeA
	-0.0625



Select 3000Hz frequency offset for all demodulation cases.
Use the following value for initial evaluation.
	
	Rank
	MCS

	Multi-DCI based multi-TRP
	non-overlapping
	2+2
	13,17

	Single-DCI based multi-TRP
	SDM
	1+1
	13,17

	
	FDM SchemeA
	2+2
	13




	R4-2301895
	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: 4Rx
· Modulation order: Up to 64QAM
· Rank: Up to 4 DL MIMO layers.
Proposal 2: RAN4 defines the UE demodulation and CSI reporting requirements with:  
· FR2-1 fc = 47 GHz
· FR2-1 TDD: SCS = 120 kHz, CBW = 100 MHz and 66 RBs.
· Phase noise @ 47 GHz
· Channel models: TDLA and TDLD (30 ns delay spread)
Max Doppler frequencies: up to 300 Hz.
Proposal 4: As RF parameters, consider 
· PN at UE side only.
· Tx EVM = 6% for QPSK/16QAM/64QAM.
Proposal 5: Consider Rel-15 PTRS pattern, K = 2, L = 1.
Proposal 6: Considering PN and Rel-15 PTRS patterns, define PDSCH demodulation and CSI reporting requirements using 
· CPE compensation only.
· Consider performance degradation due to PN less than 1dB
Proposal 7: Define the FR2 4 Rx UE demodulation requirements for PDSCH Type A only.
Proposal 8: Define the FR2 4 Rx UE demodulation requirements for PDSCH with 70% of the peak throughput metric only.
Proposal 9: Define the FR2 4Rx multi-Rx chain UE demodulation requirements for PDSCH using FR2.120-1 TDD UL-DL pattern, given by DDDSU and S: 10D+2G+2U.
Proposal 10: Define PDSCH demodulation requirements for UE at 70% of the peak throughput using the following test setup.
	Assumptions
	Value

	Carrier Frequency [GHz]
	47

	Subcarrier Spacing [kHz]
	120

	Channel bandwidth [MHz]
	100

	Waveform
	CP-OFDM

	CP Type
	Normal CP

	Channel Model
	TDLA30 

	Antenna configuration
	TRxP#1 2x4 ULA Low
TRxP#2 2x4 ULA Low

	Doppler spread
	Up to 300 Hz

	PA Model
	None

	Pre-loaded Tx EVM
	6%

	Additive Rx EVM
	0%

	I-Q Imbalance
	None

	Frequency Offset
	0 ppm 

	Channel Estimation
	Realistic channel estimation

	Transmission Rank
	Rank 4

	DMRS Configuration
	1+1 DMRS symbols

	PTRS
	K = 2, L = 1

	MCS/TBS
	From MCS Table 1 (TS38.214): Up to MCS 19 (64QAM).



Proposal 11: Referring to the Table in Proposal xx, consider PDSCH test cases at 70% of the peak throughput for 100 MHz/120 kHz SCS as follow
FR2 TDD, 100 MHz/120 kHz, Rank 4, Metric: 70% Peak Throughput
	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
	TBD
	TBD
	100/120
	16QAM, 0.64
	FR2.120-1
	TDLA30-300
	2x4, ULA Low
	70
	TBD

	1-2
	TBD
	TBD
	100 / 120
	64QAM, 0.50
	FR2.120-1
	TDLA30-75
	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 [2]




	R4-2301363
	NTT DOCOMO
	Proposal 1: Define UE demodulation requirements with the following PDSCH configuration with in both TRP#1 and TRP#2.
· PDSCH configuration
· Mapping type: Type A
· Starting symbol: 2
· Length: 12
· PDSCH DMRS configuration
· DMRS type: 1
· Number of additional DMRS: 1
· Maximum number of OFDM symbols for DL front loaded DMRS: 1
Proposal 2: We would like to define the UE demodulation requirements for 4 Layers.
· Total Number of MIMO layers
· 4 Layer (first priority)
· DMRS Antenna port index for
·  TRP#1: {1000, 1001} 
·  TRP#2: {1002, 1003} 
Observation 1:  We are open to discuss whether RAN4 introduce the requirement for 2 Layers.
Observation 2: Observation 2: In Condition 1 (i.e. DL signals are applied the precoding matrix of 4 ports, and 4 layers are transmitted using all TRPs), we assume that 4 DL MIMO layers reception may not be possible in Case 2 (i.e. 2 port degradation).
Proposal 3: We assume that it might be better to discuss the impact of such case (e.g. large condition difference between each TRP) on this UE demodulation requirement.



Open issues summary
List of open issues
· Sub-topic 2-1 Test setup for PDSCH demodulation requirements
· Issue 2-1-1: Whether to introduce requirements for both single-DCI and multi-DCI scenarios
· Issue 2-1-2: Whether to assume SDM transmission for both single-DCI and multi-DCI scenarios
· Issue 2-1-3: AoA assumption
· Sub-topic 2-2 Simulation assumptions for PDSCH demodulation requirements
· Issue 2-2-1: Channel model
· Issue 2-2-2: SCS/Bandwidth
· Issue 2-2-3: MIMO layers per TRP
· Issue 2-2-4: MCS
· Issue 2-2-5: PN model and PN compensation
· Issue 2-2-6: PTRS pattern
· Issue 2-2-7: Receiver assumption
· Issue 2-2-8: Time/frequency offsets and power imbalance between TRPs
· Issue 2-2-9: UE processing assumption for multi-Rx
Sub-topic 2-1: Test scope for PDSCH demodulation requirements
Issue 2-1-1: Whether to introduce requirements for both single-DCI and multi-DCI scenarios
· Observations
· Observations:
· Observation 1 (Apple): The fully and partial overlap multi-DCI transmission schemes need additional UE capability and receiver assumptions.
· Observation 2 (Huawei): Overview of RAN1 features and RAN4 scope in Rel-16 and Rel-17 are shown below.
	
	Rel-16 RAN1 features
	Is in Rel-16 RAN4 scope
	Proposed Rel-17 RAN4 scope

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

	
	fully overlapping
	×
	×

	
	partially overlapping
	×
	×

	Single-DCI based multi-TRP
	SDM
	√
	√

	
	FDM SchemeA
	√
	√

	
	FDM SchemeB
	×
	×

	
	TDM SchemeA
	×
	×



· Proposals
· Option 1 (Samsung, Apple, Nokia, Huawei, Qualcomm): Yes
· Option 1a (Nokia):
· Define UE demodulation performance requirements for at least the following four scenarios:
Scenario 1: mTRP sDCI with balanced power and low UE Beam orthogonality (resulting from narrow delta AoA).
Scenario 2: mTRP sDCI with imbalanced power and high UE Beam orthogonality (resulting from wide delta AoA).
Scenario 3: mTRP mDCI with balanced power and low UE Beam orthogonality (resulting from narrow delta AoA).
Scenario 4: mTRP mDCI with imbalanced power and high UE Beam orthogonality (resulting from wide delta AoA).
· Option 1b (Huawei):
· Only define non-overlapping cases for multi-DCI based multi-TRP transmission scheme.
· Only define SDM and FDM SchemeA cases for single-DCI based multi-TRP transmission scheme.
· Option 1c (Qualcomm):
· Consider fully overlapping resources with SDM DMRS ports for mDCI and SDM scheme for sDCI.
· Option 1d (Samsung):
· For NR FR2-1 multi-Rx chain DL reception, define test applicability, i.e., if UE could pass multi-DCI related demodulation performance requirements, it can skip the single-DCI related demodulation performance requirements.
· Option 1d (Apple):
· Only define non-overlapping cases for multi-DCI based multi-TRP transmission scheme.
· Only define SDM scheme for single-DCI based multi-TRP transmission scheme.

· Recommended WF:
· Encourage comments if any.

Issue 2-1-2: Whether to assume SDM transmission for both single-DCI and multi-DCI scenarios (if introduced)
· Proposals
· Option 1 (Qualcomm, Apple): Yes
· Recommended WF:
· Encourage comments if any.

Issue 2-1-3: AoA assumption
· Observations
· Observation 1 (Nokia):
· There can be different definitions of AoA without prior agreements of the reference point and there can be many possibilities of AoAs from both TRPs to be considered as the candidate for OTA test. Hence, the angular offset between the AoAs from both TRPs for test measurements can have many possibilities to choose from. 
· Following R4-2219852 the Angles of Arrival of the signals from the test probes corresponding to the two TRPs can be reused from RF mRx track if available.
· AoA of each TRP signal and the corresponding UE beam shape and steering will determine the inter-TRP interference of the H matrix.
· Observation 2 (Apple):
· The AoA offset would impact baseband SNR and demodulation performance.
· 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. 
· 4 MIMO layers with sDCI SDM transmission scheme is feasible with low correlation and sufficient AoA separation. 

· Proposals
· Option 1 (Nokia):
· The probes shall be fixed and positioned in same planar cut of the test sphere grid (xz plane).
· There shall be a single or multiple fixed Angular offset pairs between the test probes for OTA requirements as described in R4-2219852.  
· The first probe and the second probe shall be placed in such a way that the first probe will be fixed at an AoA of 0 degrees while the AoA of the signal from the second probe can assume values of [30][,60][, 90][, 120][, 150] degrees. 
· Option 2 (Apple):
· RAN4 further discuss how AoA separation is modeled in link level simulation for demod requirements.
· RAN4 further discusses how to model spatial separation in link level simulation
· Recommended WF:
· Encourage comments if any.

Sub-topic 2-2: Simulation assumptions for PDSCH demodulation requirements
Issue 2-2-1: Channel model
· Proposals
· Option 1 (Huawei): TDLA30-75
· Option 2 (Ericsson): TDLA30-75 and TDLA30-300
· 
· Recommended WF:
· Encourage comments if any.
Issue 2-2-2: SCS/Bandwidth
· Proposals
· Option 1 (Huawei): 120KHz for all test cases. For the bandwidth, further evaluate is needed based on the conclusion of the test feasibility issue mentioned above.
· Option 2 (Ericsson): 120KHz/100MHz
· Recommended WF:
· Encourage comments if any.
Issue 2-2-3: MIMO layers per TRP
· Observations
· Observation 1 (NTT): 
· We are open to discuss whether RAN4 introduce the requirement for 2 Layers. 
· In Condition 1 (i.e., DL signals are applied the precoding matrix of 4 ports, and 4 layers are transmitted using all TRPs), we assume that 4 DL MIMO layers reception may not be possible in Case 2 (i.e. 2 port degradation).
· Observation 2 (Samsung): 
· For the demodulation performance requirements introduced in RAN4 of NR FR1 multi-TRPs, the maximum number of total layers is limited to two layers.
· Proposals
· Option 1 (Huawei): To ensure the test feasibility as much as possible, some modification from FR1 cases should be considered such as reduce MCS and reduce number of layers based on simulation results. Use the following value for initial evaluation:
	
	Rank

	Multi-DCI based multi-TRP
	non-overlapping
	2+2

	Single-DCI based multi-TRP
	SDM
	1+1

	
	FDM SchemeA
	2+2



· Option 2 (NTT): 
· Total Number of MIMO layers
· 4 Layer (first priority)
· DMRS Antenna port index for
· TRP#1: {1000, 1001} 
· TRP#2: {1002, 1003} 
· It might be better to discuss the impact of such case (e.g., large condition difference between each TRP) on this UE demodulation requirement.
· Option 3 (Samsung): 
· Define demodulation performance requirements in RAN4 for NR FR2-1 multi-Rx chain DL reception, and the maximum number of total layers up to 4 layers.
· For NR FR2-1 multi-Rx chain DL reception, add one more case for Multi-DCI scenario, with 2+2 layers SDM transmission scheme. 
· For NR FR2-1 multi-Rx chain DL reception, reuse current three multi-TRP/Panel performance requirements cases for FR1 eMBB scenario, with necessity updates, e.g. QCL-info, timing offset, frequency offset. Meanwhile, update one single-DCI multi-TRP/Panel performance requirement case to 2+2 layers SDM transmission scheme in order to reach up to 4 DL MIMO layers.
· Option 4 (Qualcomm): 
· For PDSCH demodulation requirement, consider 2-layer transmission from each TRP.
· Option 5 (Apple): 
· RAN4 further evaluates the feasibility of 4 layer DL MIMO with sDCI SDM transmission scheme.
· Recommended WF:
· Encourage comments if any.

Issue 2-2-4: MCS
· Proposals
· Option 1 (Huawei): To ensure the test feasibility as much as possible, some modification from FR1 cases should be considered such as reduce MCS and reduce number of layers based on simulation results. Use the following value for initial evaluation:
	
	MCS

	Multi-DCI based multi-TRP
	non-overlapping
	13,17

	Single-DCI based multi-TRP
	SDM
	13,17

	
	FDM SchemeA
	13



· Option 2 (Ericsson): 16QAM, 0.64; 64QAM, 0.50
· Recommended WF:
· Encourage comments if any.

Issue 2-2-5: PN model and PN compensation
· Proposals
· Option 1 (Ericsson):
· Consider PN at UE side only.
· Considering PN and Rel-15 PTRS patterns, define PDSCH demodulation and CSI reporting requirements using 
· CPE compensation only.
· Consider performance degradation due to PN less than 1dB
· Recommended WF:
· Encourage comments if any.

Issue 2-2-6: PTRS pattern
· Proposals
· Option 1 (Ericsson):
· Consider Rel-15 PTRS pattern, K = 2, L = 1.
· Option 2 (Qualcomm): 
· One port per TRP for PTRS for both sDCI and mDCI configurations.
· Recommended WF:
· Please check whether both options can be agreed.

Issue 2-2-7: Receiver assumption
· Observations
· Observation 1 (Apple): 
· The fully and partial overlap multi-DCI transmission schemes need additional UE capability and receiver assumptions.
· For the demodulation performance requirements introduced in RAN4 of NR FR1 multi-TRPs, the maximum number of total layers is limited to two layers.
· Proposals
· Option 1 (Qualcomm, Apple):
· Consider MMSE receiver assumption for sDCI and mDCI transmission. 
· Consider per-TRP MMSE receiver for mDCI based multi-TRP transmission (if mDCI is adopted) (Qualcomm)
· Recommended WF:
· Encourage comments if any.

Issue 2-2-8: Time/frequency offsets and power imbalance between TRPs
· Proposals
· Option 1 (Qualcomm):
· Consider reasonable time and frequency offsets between TRPs suitable for FR2, e.g., scale time and frequency offsets assumed in Rel-17 FR1 mTRP requirements as a starting point.
· Option 2 (Samsung): 
· As staring point of NR FR2-1 multi-Rx chain DL reception, timing offset of the second TRP from the first TRP:  FR2-1 TDD (120 kHz SCS): 0.25 us, -0.0625 us
· As staring point of NR FR2-1 multi-Rx chain DL reception, frequency offset of the second TRP from the first TRP for FR2 TDD (120 kHz SCS) set as 600Hz and decide the final frequency offset value according simulation results. 
· For NR FR2-1 multi-Rx chain DL reception, consider the power imbalance configuration for different TRPs, the power difference value should be in limited range of [X]dB, e.g. X=3.
· 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

	Single-DCI based multi-TRP
	SDM
	0.25

	
	FDM SchemeA
	-0.0625



· Select 3000Hz frequency offset for all demodulation cases.
· Recommended WF:
· Encourage comments if any.
Issue 2-2-9: UE processing assumption for multi-Rx
· Observations
· Observation 1 (Apple): 
· The UE processing assumption – whether only two TRP-RX pairs are considered, or all TRP-RX pairs are considered in processing would impact performance.
· The UE processing assumption would impact RF, RRM and Demod requirements.
· Proposals
· Option 1 (Apple):
· RAN4 further discuss the UE processing assumption with multi-RX for evaluating and defining requirements in FR2.
· Recommended WF:
· Encourage comments if any.

Topic #1: PDCCH/PBCH/SDR Requirements
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2300832
	Samsung
	Proposal 11: Introduce PDCCH requirements for NR FR2-1 multi-Rx chain DL reception scheme.

	R4-2300701
	Nokia
	Proposal 5: Define PDCCH requirements for mDCI
Observation 10: It was agreed in the FeMIMO WID to define PDCCH requirements with intra-slot repetition.
Proposal 6: Define PDCCH requirements with intra-slot repetition for FR2-1.

	R4-2301895
	Ericsson
	Proposal 12: Do not define PDCCH demodulation requirements for FR2 DL 4 layers MIMO with dual TCI.
Proposal 13: Do not define PBCH demodulation requirements for FR2 DL 4 layers MIMO with dual TCI. 
Proposal 14: Do not define SDR requirements for FR2-1 4Rx multi-Rx UE.



Open issues summary
List of open issues
· Sub-topic 3-1 Test scopes for PDCCH/PBCH/SDR performance requirements
· Issue 3-1-1: Whether to introduce performance requirements for PDCCH
· Issue 3-1-2: Whether to introduce performance requirements for PBCH
· Issue 3-1-3: Whether to introduce performance requirements for SDR
· Sub-topic 2-2 Test setups for PDCCH/PBCH/SDR demodulation requirements
· Issue 3-2-1: Whether to assume intra-slot repetition for PDCCH performance requirements

Sub-topic 3-1: Test scope for PDCCH/PBCH/SDR performance requirements
Issue 3-1-1: Whether to introduce performance requirements for PDCCH
· Observations
· Observation 1 (Nokia): 
· It was agreed in the FeMIMO WID to define PDCCH requirements with intra-slot repetition.
· Proposals
· Option 1 (Samsung, Nokia): Yes
· Recommended WF:
· Encourage comments if any.

Issue 3-1-2: Whether to introduce performance requirements for PBCH
· Proposals
· Option 1 (Ericsson): No
· Recommended WF:
· Option 1

Issue 3-1-3: Whether to introduce performance requirements for SDR
· Proposals
· Option 1 (Ericsson): No
· Recommended WF:
· Option 1

Sub-topic 3-2: Test setup for PDCCH/PBCH/SDR demodulation requirements
Issue 3-2-1: Whether to assume intra-slot repetition for PDCCH performance requirements
· Proposals
· Option 1 (Nokia): Yes
· Recommended WF:
· Encourage comments if any.

Topic #1: CSI Reporting Requirements
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2300975
	Qualcomm
	Proposal 8: RAN4 should consider Rel-17 NCJT to test CSI reporting for sDCI. 
Proposal 9: Do not define CSI reporting requirement for mDCI transmission unless a feasible test procedure is identified.

	R4-2300832
	Samsung
	Proposal 12: Define Type I codebook based PMI reporting requirements for single-DCI based multi-Rx chain DL reception scheme with full overlapped resource allocation (SDM) in NR FR2-1.
Proposal 13: For NR FR2-1 multi-Rx chain DL reception scheme, introduce PMI test cases with following test set-up as starting point
–	MIMO correlation: XP-High
–	Test metric: Following PMI/random PMI with Type I codebook
–	Reference Test point: [90] %
–	Number of CSI ports per TRP: 4 or 8 ports
–	MIMO layers per TRP: 2 layers
–	Number of UE Rx antennas: 4

	R4-2300255
	Apple
	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. 

	R4-2300701
	Nokia
	Observation 3: It is possible to have a generic system model for CSF and PDSCH for mTRP mRx. It can then be specified to either PDSCH or Rel-17 NCJT CSF or Rel-15 CSF by appropriately assigning the corresponding input signal and the corresponding precoding matrix.

Observation 4: Rel.17 NCJT CSI reporting does not support two CQI, hence two individual reports will have to be scheduled using Rel.15 CSI reporting. Using two CQI for mDCI also enables support of different MCS for each TRP.

Observation 11: We see that for FR2-1 sDCI, CQI and RI is highly important especially in the case of Power/SNR imbalance.
Proposal 10: Specify CSI reporting requirements for PMI and CQI and RI for sDCI, with and without power imbalance.
Observation 12: Two-time 2x2 MIMO reception for mDCI might not provide with adequate performance due to lack of joint Rank Indicator reporting considering a 4x4 MIMO reception as UE beams might not always be spatially orthogonal.
Proposal 11: Study the validity of two times 2x2 H matrices assumption for mDCI based on incoming TRP AoA and UE beam orthogonality for spatial signal separation.
Proposal 12: Specify CSI reporting requirements for PMI and CQI and RI for mDCI, with and without power imbalance.

	R4-2302201
	Huawei
	Only define single-DCI based multi-TRP scheme PMI reporting cases.
Select the following test parameter value for CSI reporting cases.
	Parameter
	Value

	timing offset
	0

	frequency offset
	0

	number of antenna ports
	8 (4+4)

	NZP CSI-RS resource
	Aperiodic

	Reporting config type
	Aperiodic

	RI restriction
	00000001 (1 MIMO layer per TRxP)

	MCS
	13




	R4-2301895
	Ericsson
	Proposal 15: Do not define the CQI reporting requirements for FR2 4Rx multi-Rx UE.
Proposal 16: Do not define PMI reporting requirements for FR2 DL 4Rx multi-Rx chain UE.  
Proposal 17: Do not define RI reporting for FR2 DL 4Rx multi-Rx chain UE.



Open issues summary
List of open issues
· Sub-topic 4-1 Test scope for CSI reporting requirement for FR2 multi-Rx
· Issue 4-1-1: Whether to introduce performance requirements for CSI reporting
· Sub-topic 4-2 Test setup for CSI reporting requirement
· Issue 4-2-1: Whether to assume sDCI or mDCI SDM transmissions for CSI reporting
· Sub-topic 4-3 Simulation assumptions
· Issue 4-3-1: Channel
· Issue 4-3-2: MIMO Layer
· Issue 4-3-3: Number of ports
· Issue 4-3-4: MCS
· Issue 4-3-5: Time/frequency offsets
Sub-topic 4-1: Test scope for CSI reporting requirement for FR2 multi-Rx
Issue 4-1-1: Whether to introduce performance requirements for CSI reporting
· Proposals
· Option 1 (Qualcomm, Samsung, Apple, Huawei): Yes
· Option 2 (Ericsson): No
· Recommended WF:
· Encourage comments if any.

Sub-topic 4-2: Test setup for CSI reporting requirement
Issue 4-2-1: Whether to assume sDCI or mDCI SDM transmission for CSI reporting
· Observations
· Observation 1 (Apple): 
· The feasibility of introducing PMI requirements with 4 layers in FR2 with single DCI SDM transmission scheme is to be further studied.
· Observation 2 (Nokia): 
· It is possible to have a generic system model for CSF and PDSCH for mTRP mRx. It can then be specified to either PDSCH or Rel-17 NCJT CSF or Rel-15 CSF by appropriately assigning the corresponding input signal and the corresponding precoding matrix.
· Rel.17 NCJT CSI reporting does not support two CQI, hence two individual reports will have to be scheduled using Rel.15 CSI reporting. Using two CQI for mDCI also enables support of different MCS for each TRP.
· We see that for FR2-1 sDCI, CQI and RI is highly important especially in the case of Power/SNR imbalance.
· Proposals
· Option 1 (Qualcomm, Samsung, Apple, Huawei): sDCI only
· Option 1a (Samsung, Apple, Huawei): Only PMI reporting requirement
· Option 2 (Nokia): both sDCI and mDCI
· PMI, CQI and RI reporting requirements, with and without power imbalance
· Recommended WF:
· Encourage comments if any.

Sub-topic 4-3: Simulation assumptions
Issue 4-3-1: Channel
· Observations
· Observation 1 (Nokia): 
· Two-time 2x2 MIMO reception for mDCI might not provide with adequate performance due to lack of joint Rank Indicator reporting considering a 4x4 MIMO reception as UE beams might not always be spatially orthogonal.
· Proposals
· Option 1 (Nokia): Study the validity of two times 2x2 H matrices assumption for mDCI based on incoming TRP AoA and UE beam orthogonality for spatial signal separation.
· Recommended WF:
· Encourage comments if any.

Issue 4-3-2: MIMO layer
· Observations
· Observation 1 (Apple): 
· The feasibility of introducing PMI requirements with 4 layers in FR2 with single DCI SDM transmission scheme is to be further studied.
· Proposals
· Option 1 (Apple, Huawei): 1 MIMO layer per TRP.
· Option 2 (Samsung): 2 MIMO layers per TRP.
· Recommended WF:
· Encourage comments if any.

Issue 4-3-3: Number of CSI-RS ports
· Proposals
· Option 1 (Huawei): 4-port per TRP.
· Option 2 (Samsung): 4 or 8-port per TRP.
· Recommended WF:
· Encourage comments if any.
Issue 4-3-4: MCS
· Proposals
· Option 1 (Huawei): MCS13.
· Recommended WF:
· Encourage comments if any.

Issue 4-3-5: Time/frequency offsets
· Proposals
· Option 1 (Huawei): Assume no time and frequency offsets between TRPs.
· Recommended WF:
· Encourage comments if any.

Topic #1: CA Requirements
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2300975
	Qualcomm
	Proposal 10: RAN4 should prioritize requirements for single CC requirements. 

	R4-2301895
	Ericsson
	Proposal 3: RAN4 defines the UE demodulation and CSI reporting requirements for:
Focus on demodulation performance requirements for Single Carrier.



Open issues summary
List of open issues
· Sub-topic 5-1 Test scope for CA requirement for FR2 multi-Rx
· Issue 4-1-1: Whether to introduce performance requirements for CA
Sub-topic 5-1: Test scope for CA requirement for FR2 multi-Rx
Issue 5-1-1: Whether to introduce performance requirements for CA
· Proposals
· Option 1 (Qualcomm, Ericsson): Prioritize for single carrier performance requirements
· Recommended WF:
· Option 1.
