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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 receiver and PTRS assumptions as well as identify 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

	R4-2311349

	Apple
	Observation 1: Joint processing is needed to achieve 4-layer MIMO with multi-RX in FR2.
Observation 2: Joint processing is more complex that separate processing.
Proposal 1: Introduce UE capability for joint processing with multi-RX. 
Proposal 2: For demod requirements for FR2 multi-RX the AoA offset for testing is based on UE declaration.

	R4-2311743
	Nokia
	Prior agreement and our understanding of the model
1. The antenna X-pol correlation factor γ does not link the transmit to the received side; it only acts within the transmit and receive panels. Using an additional correlation factor between the UE receive panels, due to their spatial proximity, was brought up but dropped from the discussion.
Cross-talk values
1. To represent deployment scenarios, where the cross-talk signal level is similar to the level of the wanted signal, additional values of -3dB and 0dB will need to be added to the list of candidate cross-talk power values.
Extend the candidate cross-talk power values to include -3dB and 0dB, at least for joint demodulation.
Receiver assumption
Observation 2: It is expected that scenarios with low AoA (i.e. high values of ρ) will occur in real deployment. In such scenarios joint processing will be required.
Observation 3: To facilitate defining requirements with especially the higher candidate values for cross-talk (ρ) and for higher MCS, the use of a receiver capable of joint processing is required.
Proposal 1: For sDCI SDM and mDCI fully overlapping, introduce requirements with joint processing receiver.

	R4-2313651
	Huawei, HiSilicon
	1. Only consider UE perform independent processing with 2x2 channel matrix per TRP for FR2 multi-Rx demodulation requirements definition.
1. Select α=β=0 in the correlation matrix for all cases.
1. Select {MCS17, ρ = -6dB, rank 1+1} and/or {MCS13, ρ = -12dB, rank 2+2} for mDCI fully-overlapping cases.
1. Select {MCS17, ρ = -6dB, rank 1+1} and/or {MCS13, ρ = -12dB, rank 2+2} for sDCI SDM cases.
1. Select MCS17, rank 2+2 for mDCI non-overlapping cases.

	R4-2313315
	Ericsson
	Proposal 1: RAN4 defines the UE demodulation and CSI reporting requirements for FR2 DL multi-RX chain using the correlation matrices parameters as follow.
XP Low:       = 0,  = 0, γ = 0.125
XP Medium:   = 0.3,  = 0.6, γ = 0.125
XP High:      = 0.9,  = 0.9, γ = 0.125
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 @ 30 GHz
Consider an additional SNR margin to count for PN effects 
Proposal 3: Consider Tx EVM at 6% since we are considering up to 64QAM modulation.
Observation 1: It is obvious that each method has its advantages and disadvantages.  
Proposal 4: 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
	Proposal #1: We propose to follow NR FR2 OTA enhancements WI work for their final conclusions and take those into account when defining corresponding demodulation requirements.
Proposal #2: We propose to clarify ρ to be cross-talk power ratio.
Proposal #3: We propose to keep receiver options open until we have enough aligned simulation results of both receiver options.

	R4-2311756
	Qualcomm
	Observation 1: Cross-polarization coefficient of 0.125 corresponds to 9dB.
Proposal 1: Consider cross-polarization coefficient of 0.0625 to reflect an isolation level of 12 dB.
Proposal 2: Further discuss receiver options in conjunction with cross-talk power level and PTRS rate-matching assumptions.



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: Receiver assumption.
· Issue 1-1-2: Assumption on AoA offset for multi-Rx demod tests.
· Issue 1-1-3: Whether to extend candidate crosstalk power values.
· Issue 1-1-4: Choice of α and β values.
· Issue 1-1-5: MCS and layer selection for sDCI.
· Issue 1-1-6: MCS and layer selection for mDCI.
· Issue 1-1-7: TxEVM
· Issue 1-1-8: Whether to adopt NT FR2 OTA enhancements when defining demodulation requirements.
· [bookmark: _Hlk142960718]Issue 1-1-9: Cross-polarization coefficient
· Issue 1-1-10: Whether to consider ρ to be crosstalk power ratio.
Sub-topic 1-1: General aspects for FR2-1 multi-Rx chain DL reception




Issue 1-1-1: Receiver assumption.
· Observations
· Observation 1 (Nokia):
· It is expected that scenarios with low AoA (i.e. high values of ρ) will occur in real deployment. In such scenarios joint processing will be required.
· To facilitate defining requirements with especially the higher candidate values for cross-talk (ρ) and for higher MCS, the use of a receiver capable of joint processing is required.
· Observation 2 (Apple):
· Joint processing is needed to achieve 4 layer MIMO with multi-RX in FR2.
· Joint processing is more complex that separate processing..
· Observation 3 (Ericsson):
· It is obvious that each method has its advantages and disadvantages.
· Proposals:
· Option 1 (Nokia):
· For sDCI SDM and mDCI fully overlapping, introduce requirements with joint processing receiver.
· Option 2 (Apple): 
· Introduce UE capability for joint processing with multi-RX
· Option 3 (Huawei): 
· Only consider UE perform independent processing with 2x2 channel matrix per TRP for FR2 multi-Rx demodulation requirements definition. 
· Option 4 (Ericsson, MediaTek, Qualcomm): 
· Option 4a (Qualcomm): Further discuss receiver options in conjunction with cross-talk power level and PTRS rate-matching assumptions
· Option 4b (Ericsson): Further discuss with companies on the pros and cons of each UE receiver schemes are needed.
· Option 4c (MediaTek): Keep receiver options open until we have enough aligned simulation results of both receiver options
· Recommended WF:
· Encourage comments if any.
Issue 1-1-2: Assumption on AoA offset for multi-Rx demod tests.
· Proposals
· Option 1 (Apple): Based on UE declaration.
· Recommended WF:
· Encourage comments if any.
Apple: AoA offset would be similar to RF/OTA requirements. Other side conditions should be met, e.g., minimum isolation, rank etc.
Huawei: Similar view as Apple. Different test metric between RF and demod.
Nok: Cross-talk indirectly dictates AoA offsets.
Apple: What is the AoA offset discussed in OTA for RF?
QC: Virtual cable testing may not contradict with AoA offset.
NOK: Should be modelled in the channel.
Huawei: Simulated AoA offset may not be same as physical AoA offset.
Nok: AoA offset should not be contradictory to virtual cable method.
QC: The UE will be tested for RF side conditions even before demod test.
Agreement:
Demod tests will adopt OTA agreements for demod tests. Choice of AoA offsets shall not nullify the validity of the virtual cable set up. 

Issue 1-1-3: Whether to extend candidate cross-talk power values.
· Observations
· Observation 1 (Nokia):
· To represent deployment scenarios, where the cross-talk signal level is similar to the level of the wanted signal, additional values of -3dB and 0dB will need to be added to the list of candidate cross-talk power values.
· Proposals
· Option 1 (Nokia): Yes, extend the candidate cross-talk power values to include -3dB and 0dB, at least for joint demodulation.
· Recommended WF:
· Encourage comments if any.
Nok: Real world may have strong cross-talk.
QC: We may not be able to cover all real-world scenarios.
Apple: joint proc is FFS. We should stick to our current assumptions about cross-talk levels.
Samsung: With joint proc, high cross-talk power can get some benefits. Testable SNR may be high if we are to increase cross-talk level.
Ericsson: SNR requirements is quite high for -9dB cross-talk level. Current sims don’t consider time/freq/PN degradations, still results are not good with -9 dB cross-talk power.
Agreements:
· For now, don’t consider 0 dB and -3dB cross-talk levels as the SNR requirements could be quite high.
· Interested companies are invited to provide sim results with relevant impartments considered.

Issue 1-1-4: Choice of α and β values.
· Proposals
· Option 1 (Huawei): Select α=β=0 in the correlation matrix for all cases.
· Option 2 (Ericsson): RAN4 defines the UE demodulation and CSI reporting requirements for FR2 DL multi-RX chain using the correlation matrices parameters as follow:
· XP Low:       = 0,  = 0, γ = 0.125
· XP Medium:   = 0.3,  = 0.6, γ = 0.125
· XP High:      = 0.9,  = 0.9, γ = 0.125
· Recommended WF:
· Encourage comments if any.

Issue 1-1-5: MCS and layer selection for sDCI.
· Proposals
· Option 1 (Huawei): Select {MCS17, ρ = -6dB, rank 1+1} and/or {MCS13, ρ = -12dB, rank 2+2} for sDCI SDM cases.
· Recommended WF:
· Encourage comments if any.

Issue 1-1-6: MCS and layer selection for mDCI.
· Proposals
· Option 1 (Huawei): Select {MCS17, ρ = -6dB, rank 1+1} and/or {MCS13, ρ = -12dB, rank 2+2} for mDCI fully-overlapping cases
· Recommended WF:
· Encourage comments if any.
  
Issue 1-1-7: TxEVM.
· Proposals
· Option 1 (Ericsson): Consider Tx EVM at 6% since we are considering up to 64QAM modulation.
· Recommended WF:
· Encourage comments if any.
  
Issue 1-1-8: Whether to adopt NT FR2 OTA enhancements when defining demodulation requirements.
· Proposals
· Option 1 (MediaTek): Yes
· Recommended WF:
· Encourage comments if any.

MTK: if they have additional requirements, demod will adopt those. 12 dB isolation level within virtual cable.
Huawei: Gamma value is not related to 12 dB isolation level.
Ericsson: we move forward with current isolation level. It’s not feasible to change for demod requirements.

Issue 1-1-9: Cross-polarization coefficient.
· Observations
· Observation 1 (Qualcomm): Cross-polarization coefficient of 0.125 corresponds to 9dB.
· Proposals
· Option 1 (Qualcomm): Consider cross-polarization coefficient of 0.0625 to reflect an isolation level of 12 dB
· Recommended WF:
· Encourage comments if any.

Issue 1-1-10: Whether to consider ρ to be cross-talk power ratio.
· Proposals
· Option 1 (MediaTek): Yes
· Recommended WF:
· Encourage comments if any.

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

	R4-2311757
	Qualcomm
	Proposal 1: One PTRS port per TRP for sDCI schemes (Option 1). 
Proposal 2: PT-RS allocation does not overlap with PDSCH allocation per TRP (Option 1).

	R4-2311757
	Qualcomm
	Simulation Results

	R4-2312353
	Samsung
	Proposal 1: For Multi-Rx PDSCH demodulation requirements, only use TDLA30-75 for 100 MHz/120 kHz.
Proposal 2: use option 1 (One PTRS port per TRP for sDCI schemes) for PTRS port configuration.
Proposal 3: use four test cases with time and frequency offset as starting point
sDCI SDM (-0.0625us, 600Hz) and (0.25us, 0Hz)
mDCI non-overlapping (-0.0625us, 600Hz)
mDCI full-overlapping  (0.25us, 600Hz)
Proposal 4: PT-RS allocation does not overlap with PDSCH allocation per TRP.
Proposal 5: No need to send LS to RAN1 for specification clarification on PTRS rate matching behaviour for mTRP transmission.
Proposal 6: use test parameters in Table 2-2 and test cases in Table 2-3 for sDCI SDM simulation assumption.
Table 2-2 test parameters for sDCI SDM
	Parameter
	Unit
	Value

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

	Transmit TRxP of SSB
	
	TRxP #1

	PDCCH configuration
	TCI state
	
	TCI State #1

	
	CORESETPoolIndex
	
	0

	Duplex mode
	
	TDD

	Active DL BWP index
	
	1

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S) 
	
	1

	
	Length (L)
	
	Specific to each Reference channel as defined in A.3.2.2

	
	PRB bundling type
	
	Static

	
	PRB bundling size
	
	2

	
	Resource allocation type
	
	Type 1

	
	RBG size
	
	Config2

	
	VRB-to-PRB mapping type
	
	Non-interleaved

	
	VRB-to-PRB mapping interleaver bundle size
	
	N/A

	PDSCH DMRS configuration
	Antenna port indexes
	
	1000 for test 1-1
1000-1001 for test 1-2
	1002 for test 1-1
1002-1003 for test 1-2

	
	TCI state
	
	TCI State #1
	TCI State #2

	
	DMRS Type
	
	Type 1

	
	Number of additional DMRS
	
	1

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	
	1

	Resource allocation
	
	Full-overlapping

	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
	600 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 (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 2-3 Minimum performance for sDCI SDM 
	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.5-6.1 TDD
	100 / 120
	64QAM, 0.43
	FR2.120-1
	TDLA30-75
	2x2, ULA Low
	70
	TBD

	1-2
	R.PDSCH.5-2.2 TDD
	100 / 120
	16QAM, 0.48
	FR2.120-1
	TDLA30-75
	2x2, 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 with scaling factor as 1/sqrt(2) for transmitted signal from each TRxP



Proposal 7: use test parameters in Table 2-4 and test cases in Table 2-5 for mDCI full-overlapping simulation assumption.
Table 2-4 test parameters for mDCI full-overlapping
	Parameter
	Unit
	Value

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

	Transmit TRxP of SSB
	
	TRxP #1

	PDCCH configuration
	TCI state
	
	TCI State #1
	TCI State #2

	
	CORESETPoolIndex
	
	0,1

	Duplex mode
	
	TDD

	Active DL BWP index
	
	1

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S) 
	
	1

	
	Length (L)
	
	Specific to each Reference channel as defined in A.3.2.2

	
	PRB bundling type
	
	Static

	
	PRB bundling size
	
	2

	
	Resource allocation type
	
	Type 1

	
	RBG size
	
	Config2

	
	VRB-to-PRB mapping type
	
	Non-interleaved

	
	VRB-to-PRB mapping interleaver bundle size
	
	N/A

	PDSCH DMRS configuration
	Antenna port indexes
	
	{1000,1001}
	{1002,1003}

	
	TCI state
	
	TCI State #1
	TCI State #2

	
	DMRS Type
	
	Type 1

	
	Number of additional DMRS
	
	1

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	
	1

	Resource allocation
	
	Full-overlapping

	Timing offset of the second TRxP from the first TRxP
	us
	0.25 

	Frequency offset of the second TRxP from the first TRxP
	Hz
	600 

	Precoding configuration
	
	SP Type I, independent precoding generation is applied for both TRxPs, random per slot with PRB bundling granularity.

	Note 1: 	PDSCH transmission is done from both TRxPs. Transmission from TRxP #1 uses CORESETPoolIndex 0 and transmission from TRxP #2 uses CORESETPoolIndex 1



Table 2-5 Minimum performance for mDCI full-overlapping 
	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
	TDLA30-75
	2x2, 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 with scaling factor as 1/sqrt(2) for transmitted signal from each TRxP



Proposal 8: use test parameters in Table 2-6 and test cases in Table 2-7 for mDCI non-overlapping simulation assumption.
Table 2-6 test parameters for mDCI non-overlapping
	Parameter
	Unit
	Value

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

	Transmit TRxP of SSB
	
	TRxP #1

	PDCCH configuration
	TCI state
	
	TCI State #1
	TCI State #2

	
	CORESETPoolIndex
	
	0,1

	Duplex mode
	
	TDD

	Active DL BWP index
	
	1

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S) 
	
	1

	
	Length (L)
	
	Specific to each Reference channel as defined in A.3.2.2

	
	PRB bundling type
	
	Static

	
	PRB bundling size
	
	2

	
	Resource allocation type
	
	Type 1

	
	RBG size
	
	Config2

	
	VRB-to-PRB mapping type
	
	Non-interleaved

	
	VRB-to-PRB mapping interleaver bundle size
	
	N/A

	PDSCH DMRS configuration
	Antenna port indexes
	
	{1000,1001}
	{1002,1003}

	
	TCI state
	
	TCI State #1
	TCI State #2

	
	DMRS Type
	
	Type 1

	
	Number of additional DMRS
	
	1

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	
	1

	Resource allocation
	
	non-overlapping

	Timing offset of the second TRxP from the first TRxP
	us
	-0.0625

	Frequency offset of the second TRxP from the first TRxP
	Hz
	600 

	Precoding configuration
	
	SP Type I, independent precoding generation is applied for both TRxPs, random per slot with PRB bundling granularity.

	Note 1: 	PDSCH transmission is done from both TRxPs. Transmission from TRxP #1 uses CORESETPoolIndex 0 and transmission from TRxP #2 uses CORESETPoolIndex 1



Table 2-7 Minimum performance for mDCI non-overlapping 
	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.5-2.2X TDD
	R.PDSCH.5-2.2X TDD
	100 / 120
	16QAM, 0.48
	FR2.120-1
	TDLA30-75
	2x2, 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.




	R4-2311350
	Apple
	On parameters for PDSCH requirements
Observation #1:  For sDCI SDM scheme configuring 1 PTRS port per TRP needs additional UE capability for the test.
Observation #2:  Not configuring 1 PTRS port per TRP might lead to performance degradation depending on test configuration.
Proposal #1:  Evaluate if 1 PTRS port for sDCI SDM test is sufficient for the agreed test configuration. 

Observation #3:  With overlapping PDSCH for multi-DCI the PDSCH from one TRP will cause interference on PTRS from another TRP and vice versa if PDSCH is not rate matched. 
Observation #4:  There is no provision in RAN1 to rate match PDSCH around PTRS from other TRP for multi-DCI transmission. 
Observation #5:  For single DCI the PDSCH will be rate matched around PTRS from both TRP.

Proposal #2:  For Multi-DCI mTRP scenario RAN4 further discuss the following options::
Option 1: Evaluate performance with PTRS PDSCH overlap
Option 2: Introduce rate matching for PTRS from other TRP using ZP CSI-RS configuration

Observation #1:  Joint processing is more robust to cross talk especially with 2 layers per TRP with overlapping PDSCH.
Observation #2:  Separate processing is suitable with non-overlapping PDSCH, and with 1 layer per TRP with overlapping PDSCH and low cross power levels.
It is also worth considering that joint processing would be additional UE complexity and will need additional UE capability. Also, the objective of this work item is to achieve 4-layer MIMO in FR2 which is only possible with 2 layers per TRP. 
Observation #3:  Joint processing is more complex for the UE and needs additional UE capability.
Observation #4:  Objective of the WI is to introduce requirements with 4 -layer MIMO in FR2 which is only feasible with 2 layers per TRP. 
To define requirements for PDSCH demod with multi-RX, we recommend the following configurations:
1. Multi-DCI with Overlapping PDSCH, 1 layer per TRP, Separate processing
2. Multi-DCI with Overlapping PDSCH, 2 layers per TRP, Joint processing
3. Single-DCI SDM with 1+1, Separate processing
4. Single-DCI SDM with 2+2, Joint processing

Proposal #1:  Define PDSCH demodulation requirements with multi-RX for the following configurations:
(1) Multi-DCI with Overlapping PDSCH, 1 layer per TRP, Separate processing
(2) Multi-DCI with Overlapping PDSCH, 2 layers per TRP, Joint processing
(3) Single-DCI SDM with 1+1, Separate processing
(4) Single-DCI SDM with 2+2, Joint processing

Proposal #2:  Introduce UE capability for joint processing.

	R4-2311744
	Nokia
	Channel Model
1. Initial simulation alignment can be done using the agreed channel model (TDLA30-75). High doppler is less important for MultiRx scenarios, hence it can be decided later if TDLA30-300 is to be included. 
Make simulation initial alignment using TDLA30-75. Keep TDLA30-300 FFS for now.
PTRS Port for sDCI schemes
Observation 5: It cannot be assumed that each TRP will be received with the same phase difference, hence there is likely a need for transmitting PT-RS on each TRP.
Observation 6: UE support of two PT-RS ports for sDCI is optional.
Proposal 2: RAN4 to define requirements with one PTRS port per TRP for sDCI SDM. RAN4 to additionally define requirements using one PT-RS port for sDCI SDM, if found to be feasible.
Time offset between TRPs
Observation 7: It is not feasible to discuss which time offsets to use for certain configurations before initial simulation alignment is finalized.
Proposal 3: Make decision on which time offset to be used with certain testcases based on the initial simulation alignment and agreements concerning which test cases to define.
PDSCH rate matching in mTRP transmission
Observation 8: Based on our evaluation, the current specification only consider single TRP setup with relation to PT-RS configurations.
Observation 9: For mDCI configurations it can be assumed that each TRP is seen as an individual TRP, which means PT-RS allocation for TRP1 can overlap with PDSCH allocation for TRP2.
Proposal 4: Use the following as baseline: “Option 1: PT-RS allocation does not overlap with PDSCH allocation per TRP.”. The baseline assumption can be re-evaluated if decided to ask RAN1 for clarification and RAN1 response does not match the baseline assumption.
Sending an LS to RAN1 for specification clarification on PTRS rate matching behaviour for mTRP transmission (if ambiguous)
Proposal 5: RAN4 to send LS to RAN1 for specification clarification on PTRS rate matching behavior for mTRP transmission in case it cannot be agreed in RAN4 that “PT-RS allocation does not overlap with PDSCH allocation per TRP“.
Test cases and simulation parameters
Observation 10: Final test cases should be decided based on simulation alignment results.
Proposal 6: RAN4 to select the testcases among aligned simulation cases during this meeting or once enough results are available.
Proposal 7: Use the following simulation parameters for sDCI SDM (changes from RAN4#107 proposals highlighted):
Table 3-1 Test parameters for sDCI SDM
	Parameter
	Unit
	Value

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

	Transmit TRxP of SSB
	
	TRxP #1

	PDCCH configuration
	TCI state
	
	TCI State #1

	
	CORESETPoolIndex
	
	0

	Duplex mode
	
	TDD

	Active DL BWP index
	
	1

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S) 
	
	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, 0.25}

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

	Precoding configuration
	
	SP Type I, independent precoding generation is applied for both TRxPs, random per slot with PRB bundling granularity.

	Channel model
	
	TDLA30-75

	Correlation/cross-talk model (as decided in RAN4#107)
	
	XPOL γ=0.125
Cross-talk=-15dB,-12dB,-9db,-6dB[,-3dB, 0dB]

	Note 1:	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)





	
	
	Simulation parameters for mDCI fully overlapping.
Proposal 8: Use the following simulation parameters for mDCI fully overlapping (changes from RAN4#107 proposals highlighted):
Table 3-2 Test parameters for mDCI fully-overlapping
	Parameter
	Unit
	Value

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

	Transmit TRxP of SSB
	
	TRxP #1

	PDCCH configuration
	TCI state
	
	TCI State #1
	TCI State #2

	
	CORESETPoolIndex
	
	0,1

	Duplex mode
	
	TDD

	Active DL BWP index
	
	1

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S) 
	
	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, 0.25}

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

	Precoding configuration
	
	SP Type I, independent precoding generation is applied for both TRxPs, random per slot with PRB bundling granularity

	Channel model
	
	TDLA30-75

	Correlation/cross-talk model (as decided in RAN4#107)
	
	XPOL γ=0.125
Cross-talk=-15dB,-12dB,-9db,-6dB[,-3dB, 0dB]

	Note 1: 	PDSCH transmission is done from both TRxPs. Transmission from TRxP #1 uses CORESETPoolIndex 0 and transmission from TRxP #2 uses CORESETPoolIndex 1



Simulation parameters for mDCI non-overlapping
Observation 11: In 38.101-4 section 5.2.3.1.12 FR1 mDCI non-overlapping configuration has been implemented by splitting the available RBs so each TRP is assigned half number of available RBs.
Proposal 9: Define simulation parameters where the mDCI non-overlapping case is configured by splitting the available RBs equally between the two TRPs.

	R4-2311744
	Nokia
	Observation 1: For 2*(2x2) with MCS13 and using the agreed correlation model, 70% of maximum throughput can only be reached for ρ<=-12dB.
Observation 2: For 2*(2x2) with MCS21 and using the agreed correlation model, 70% of maximum throughput cannot be reached for any of the agreed values of ρ.

	R4-2311993
	MediaTek
	Observation #1: Two port PTRS for Single-DCI SDM scheme is optional feature for UE.
Proposal #1: We support Option 2. Two port PTRS for Single-DCI SDM scheme is optional feature for UE and we should define minimum requirements.
Proposal #2: We support sending LS to RAN1 to clarify PDSCH rate matching in mTRP mDCI scheme with PT-RS.

	R4-2311994
	MediaTek
	Observation #1: In Multi-DCI fully overlapping scheme higher cross-talk increases inter-layer interference.
Observation #2: In Multi-DCI non-overlapping scheme higher cross-talk increases diversity gain.

	R4-2313316
	Ericsson
	Proposal 1: 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 2: 
Consider PTRS allocation that does not overlap with any PDSCH allocation for sDCI and mDCI cases.
Observation 1: Consider the maximum achievable SNR for the demodulation requirements given by
Table 2.2-1: Comparison of maximum SNR between TR38.810 and preliminary extension to band n262
	
	CBW (MHz)
	Max SNR (TR38.810)
	Max SNR (n262)

	Single band UE
	100
	[19.7 dB]
	[15.2]

	
	200
	[16.7 dB]
	[12.2]

	Multi-band UE (NOTEs 1,2)
	100
	[17.7 dB]
	[14.2]

	
	200
	[14.6 dB]
	[11.2]

	NOTE 1:	For ∑MBp from TS 38.101-2 Table 6.2.1.3-4 allows up to 2 dB in Rel-15
NOTE 2:	From Rel-16 and later ∑MBp can be rounded up to 1.0 dB for all bands



Proposal 3: Consider PDSCH test cases for sDCI based SDM scheme as follow
Table 4-1: Test parameters for sDCI SDM
	Parameter
	Unit
	Value

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

	Transmit TRxP of SSB
	
	TRxP #1

	PDCCH configuration
	TCI state
	
	TCI State #1

	
	CORESETPoolIndex
	
	0

	Duplex mode
	
	TDD

	Active DL BWP index
	
	1

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S) 
	
	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
	600 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)


 Parameters

Table 4-2: 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 gantenna configuration
(Note 2)
	Reference value

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

	1-1
Note 4
	R.PDSCH.5-3.2 TDD
	100/120
	64QAM, 0.43
	FR2.120-1
	TDLA30-75
	2x2, XP Low
	70
	TBD

	1-2
Note 4
	R.PDSCH.5-3.2 TDD
	100/120
	64QAM, 0.43
	FR2.120-1
	TDLA30-75
	2x2, XP Low
	70
	TBD

	1-3
Note 5
	R.PDSCH.5-2.2 TDD
	100/120
	16QAM, 0.48
	FR2.120-1
	TDLA30-75
	2x2, XP Low
	70
	TBD

	1-4
Note 5
	R.PDSCH.5-2.2 TDD
	100/120
	16QAM, 0.48
	FR2.120-1
	TDLA30-75
	2x2, XP 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] with scaling factor as 1/sqrt(2) for transmitted signal from each TRxP
Note 4:	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 5:	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)



Proposal 4: Consider PDSCH test cases for mDCI with full overlapping resource allocation as follow
Table 4-3: 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
	600 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 4-4: 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
Note 4
	R.PDSCH.5-2.2 TDD
	R.PDSCH.5-2.2 TDD
	100/120
	16QAM, 0.48
	FR2.120-1
	TDLA30-300
	2x2, XP Low
	70
	TBD

	1-2
Note 4
	R.PDSCH.5-2.2 TDD
	R.PDSCH.5-2.2 TDD
	100 / 120
	16QAM, 0.48
	FR2.120-1
	TDLA30-75
	2x2, XP 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 [2] with scaling factor as 1/sqrt(2) for transmitted signal from each TRxP
Note 4:	PDSCH transmission is done from both TRxPs (PDSCH Layer 0 and Layer 1 are transmitted from TRxP #1 and PDSCH layer 2 and Layer 3 are transmitted from TRxP #2)



Proposal 5: Consider PDSCH test cases for mDCI with non-overlapping scheme as follow
Table 4-5: 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
	600

	Precoding configuration
	
	SP Type I, independent precoding generation is applied for both TRxPs, random per slot with PRB bundling granularity

	Note 1: 	PDSCH transmission is done from both TRxPs. Transmission from TRxP #1 uses CORESETPoolIndex 0 and transmission from TRxP #2 uses CORESETPoolIndex 1



Table 4-6: 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
Note 4
	R.PDSCH.5-2.2 TDD
	R.PDSCH.5-2.2 TDD
	100/120
	16QAM, 0.48
	FR2.120-1
	TDLA30-75
	2x2, XP 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 [2]
Note 4:	PDSCH transmission is done from both TRxPs (PDSCH Layer 0 and Layer 1 are transmitted from TRxP #1 and PDSCH layer 2 and Layer 3 are transmitted from TRxP #2)




	R4-2313317
	Ericsson
	Observation 1: Consider the correlation matrices parameters as follow
XP Low:       = 0,  = 0, γ = 0.125
XP Medium:   = 0.3,  = 0.6, γ = 0.125
XP High:      = 0.9,  = 0.9, γ = 0.125
Observation 2: Consider PN effects at 30 GHz and provide SNR requirements 
· without PN effects, referred to as SNR0 and
· with PN effects but no compensation, referred to as SNR1.
Observation 3: Consider Tx EVM at 6% since we are considering up to 64QAM modulation.
Observation 4: Consider the maximum achievable SNR for the demodulation requirements given by
Table 2-1: Comparison of maximum SNR between TR38.810 and preliminary extension to band n262
	
	CBW (MHz)
	Max SNR (TR38.810)
	Max SNR (n262)

	Single band UE
	100
	[19.7 dB]
	[15.2]

	
	200
	[16.7 dB]
	[12.2]

	Multi-band UE (NOTEs 1,2)
	100
	[17.7 dB]
	[14.2]

	
	200
	[14.6 dB]
	[11.2]

	NOTE 1:	For ∑MBp from TS 38.101-2 [2] Table 6.2.1.3-4 allows up to 2 dB in Rel-15
NOTE 2:	From Rel-16 and later ∑MBp can be rounded up to 1.0 dB for all bands



Observation 5: Considering UE independent processing for sDCI SDM based scheme considering up to 64QAM using either 1+1 layers or 2+2 layers, PN effects did not exceed 0.2 dB.    
Observation 6: Referring to the maximum achievable SNR given by Observation 4 (19.7 dB), sDCI SDM based scheme can consider MCS17 (64QAM CR = 0.43) for 1+1-layer combination under TDLA30-75 and low cross polarization under RF impairments (PN, TO (-0.0625 or 0.25 us) and FO (600 Hz)) and crosstalk power of up to -6 dB.   
Observation 7: Referring to the maximum achievable SNR given by Observation 4 (19.7 dB), sDCI SDM based scheme and by applying joint 4x4 processing, can consider MCS13 (16QAM CR = 0.48) for 2+2-layer combination under TDLA30-300 and medium cross polarization under RF impairments (PN, TO (-0.0625 us) and FO (600 Hz)) and crosstalk power ρ = - 12 dB. However, the results under TDLA30-75 and Low cross polarization should be more adequate.
Observation 8: Considering UE independent processing for mDCI with full overlapping resource allocation scheme considering 16QAM using 2+2-layer combination, PN effects did not exceed 0.2 dB.   
Observation 9: Referring to the maximum achievable SNR given by Observation 4 (19.7 dB), mDCI with full overlapping resource allocation scheme and by applying independent 2x2 processing, can consider MCS13 (16QAM CR = 0.48) for 2+2-layer combination under TDLA30-75 and medium cross polarization under RF impairments (PN, TO (0.25 us) and No FO (0 Hz)) and crosstalk power ρ = - 15 dB.
Observation 10: Referring to the maximum achievable SNR given by Observation 4 (19.7 dB), mDCI with full overlapping resource allocation scheme and by applying joint 4x4 processing, can consider MCS13 (16QAM CR = 0.48) for 2+2-layer combination under TDLA30-75 and medium cross polarization under RF impairments (PN, TO (-0.0625 or 0.25 us) and FO (600 Hz)) and crosstalk power ρ = - 12 dB.
Observation 11: Referring to the maximum achievable SNR given by Observation 4 (19.7 dB), mDCI with non-overlapping resource allocation scheme and by applying independent 2x2 processing, can consider MCS13 (16QAM CR = 0.48) for 2+2-layer combination under TDLA30-75 and high cross polarization under RF impairments (PN, TO (-0.0625 us) and FO (600 Hz)) and crosstalk power ρ up to -6 dB.



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 for sDCI schemes
· Issue 2-1-3: PDSCH rate matching in mDCI transmission
· Issue 2-1-4: Whether to send an LS to clarify PTRS rate-matching assumption for mDCI.
· Issue 2-1-5: Time/ frequency offsets between TRPs.
· Issue 2-1-6: PDSCH Configurations for demodulation requirements
· Issue 2-1-7: Test cases and simulation parameters for sDCI SDM
· Issue 2-1-8: Test cases and simulation parameters for mDCI fully overlapping.
· Issue 2-1-9: Test cases and simulation parameters for mDCI non-overlapping
· Issue 2-1-10: Whether to consider a scaling factor for transmitted signal in mDCI fully-overlapping case
Sub-topic 2-1: Simulation assumptions for PDSCH demodulation requirements
Issue 2-1-1: Channel model
· Observations
· Observation 1 (Nokia):
· Initial simulation alignment can be done using the agreed channel model (TDLA30-75). High doppler is less important for MultiRx scenarios, hence it can be decided later if TDLA30-300 is to be included.
· Proposals
· Option 1 (Samsung, Nokia): Only use TDLA30-75 for 100 MHz/120 kHz
· Option 2 (Nokia, Ericsson): Keep TDLA30-300 as FFS.
· 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 likely a need for transmitting PT-RS on each TRP.
· UE support of two PT-RS ports for sDCI is optional.
· Observation 2 (Apple):
· For sDCI SDM scheme configuring 1 PTRS port per TRP needs additional UE capability for the test.
· Not configuring 1 PTRS port per TRP might lead to performance degradation depending on test configuration.

· Proposals
· Option 1 (Qualcomm, Nokia, Apple, Samsung): One PTRS port per TRP for sDCI schemes
· Option 1a (Nokia): RAN4 to additionally define requirements using one PT-RS port for sDCI SDM, if found to be feasible
· Option 2 (Huawei, Ericsson, MediaTek): One PTRS port across TRPs.
· Option 3 (Apple): Evaluate if 1 PTRS port for sDCI SDM test is sufficient for the agreed test configuration.
· Recommended WF:
· Encourage comments if any.

Issue 2-1-3: PDSCH rate matching in mDCI transmission
· Observations
· Observation 1 (Nokia):
· Based on our evaluation, the current specification only consider single TRP setup with relation to PT-RS configurations. 
· For mDCI configurations it can be assumed that each TRP is seen as an individual TRP, which means PT-RS allocation for TRP1 can overlap with PDSCH allocation for TRP2.
· Observation 2 (Apple):
· With overlapping PDSCH for multi-DCI the PDSCH from one TRP will cause interference on PTRS from another TRP and vice versa if PDSCH is not rate matched. 
· There is no provision in RAN1 to rate match PDSCH around PTRS from other TRP for multi-DCI transmission. 
· For single DCI the PDSCH will be rate matched around PTRS from both TRP.

· Proposals
· Option 1 (Nokia, Samsung, Qualcomm): PT-RS allocation does not overlap with PDSCH allocation per TRP as a baseline. 
· Option 1aa (Nokia): The baseline assumption can be re-evaluated if decided to ask RAN1 for clarification and RAN1 response does not match the baseline assumption.
· Option 2 (Samsung): PT-RS allocation does not overlap with PDSCH allocation per TRP.
· Option 3 (Ericsson): PT-RS allocation does not overlap with any PDSCH allocation.
· Option 4 (Apple): Evaluate performance with PTRS PDSCH overlap
· Option 5 (Apple): Introduce rate matching for PTRS from other TRP using ZP CSI-RS configuration
· Recommended WF:
· Encourage comments if any.

Issue 2-1-4: Sending an LS to RAN1 for specification clarification on PTRS rate matching behaviour for mTRP transmission (if ambiguous)
· Proposals
· Option 1 (Nokia): RAN4 to send LS to RAN1 for specification clarification on PTRS rate matching behavior for mTRP transmission in case it cannot be agreed in RAN4 that PT-RS allocation does not overlap with PDSCH allocation per TRP.
· Option 2 (Samsung): No need to send LS to RAN1 for specification clarification on PTRS rate matching behaviour for mTRP transmission.
· Option 2 (MediaTek): Send LS to RAN1 for specification clarification on PTRS rate matching behaviour for mTRP transmission
· Recommended WF:
· Encourage comments if any.

Issue 2-1-5: Time/frequency offset between TRPs
· Observations
· Observation 1 (Nokia): It is not feasible to discuss which time offsets to use for certain configurations efore initial simulation alignment is finalized.
· Proposals
· Option 1 (Nokia): Make decision on which time offset to be used with certain testcases based on the initial simulation alignment and agreements concerning which test cases to define
· Option 2 (Samsung): use four test cases with time and frequency offset as starting point
· sDCI SDM (-0.0625us, 600Hz) and (0.25us, 0Hz)
· mDCI non-overlapping (-0.0625us, 600Hz)
· mDCI full-overlapping  (0.25us, 600Hz)
· Option 3 (Ericsson): use four test cases with time and frequency offset as starting point
· sDCI SDM (-0.0625us, 600Hz) and (0.25us, 0Hz)
· mDCI non-overlapping (-0.0625us, 600Hz)
· mDCI full-overlapping  (-0.0625us, 600Hz) and (0.25us, 0Hz)
· Recommended WF:
· Encourage comments if any.
Samsung: Rel-16 can be considered as a bassline.
Apple: To pick one pair for each scenario, there is no good reasoning to pick certain value.
 Ericsson: Mix across scenarios.
 QC: How were different time offsets assigned to each scenario?
Ericsson: min of time offset plus max freq offsets or vice-versa.
Nok: Down-select between time or freq.
Samsung: Coverage time/freq offsets across all scenarios.
Nok: May have to remove the infeasible ones.
Ericsson: May consider mDCI fully-overlapping for both time offsets and non-overlapping only one time offset. Simulate both 1+1 and 2+2 for sDCI.
Apple: Can companies can pick one of the sets to different layer combinations for sDCI?
Agreement:
· sDCI SDM: (-0.0625us, 600Hz) and (0.25us, 0Hz)
· mDCI non-overlapping: (-0.0625us, 600Hz)
· mDCI fully-overlapping: (-0.0625us, 600Hz) and (0.25us, 0Hz)
· Interested companies can provide simulation results with (0.25us, 600Hz) for mDCI fully-overlapping scenario.

Issue 2-1-6: PDSCH Configurations for demodulation requirements
· Observations
· Observation 1 (Apple): 
· Joint processing is more robust to cross talk especially with 2 layers per TRP with overlapping PDSCH.
· Separate processing is suitable with non-overlapping PDSCH, and with 1 layer per TRP with overlapping PDSCH and low cross power levels.
· It is also worth considering that joint processing would be additional UE complexity and will need additional UE capability. Also, the objective of this work item is to achieve 4-layer MIMO in FR2 which is only possible with 2 layers per TRP. 
· Joint processing is more complex for the UE and needs additional UE capability.
· Objective of the WI is to introduce requirements with 4 -layer MIMO in FR2 which is only feasible with 2 layers per TRP. 
· To define requirements for PDSCH demod with multi-RX, we recommend the following configurations:
· Multi-DCI with Overlapping PDSCH, 1 layer per TRP, Separate processing
· Multi-DCI with Overlapping PDSCH, 2 layers per TRP, Joint processing
· Single-DCI SDM with 1+1, Separate processing
· Single-DCI SDM with 2+2, Joint processing
· Observation 2 (Ericsson): 
· Consider the maximum achievable SNR for the demodulation requirements given by
Table 2-1: Comparison of maximum SNR between TR38.810 and preliminary 
extension to band n262
	
	CBW (MHz)
	Max SNR (TR38.810)
	Max SNR (n262)

	Single band UE
	100
	[19.7 dB]
	[15.2]

	
	200
	[16.7 dB]
	[12.2]

	Multi-band UE (NOTEs 1,2)
	100
	[17.7 dB]
	[14.2]

	
	200
	[14.6 dB]
	[11.2]

	NOTE 1:	For ∑MBp from TS 38.101-2 [2] Table 6.2.1.3-4 allows up to 2 dB in Rel-15
NOTE 2:	From Rel-16 and later ∑MBp can be rounded up to 1.0 dB for all bands



· Considering UE independent processing for sDCI SDM based scheme considering up to 64QAM using either 1+1 layers or 2+2 layers, PN effects did not exceed 0.2 dB.    
· Referring to the maximum achievable SNR given by Observation 4 (19.7 dB), sDCI SDM based scheme can consider MCS17 (64QAM CR = 0.43) for 1+1-layer combination under TDLA30-75 and low cross polarization under RF impairments (PN, TO (-0.0625 or 0.25 us) and FO (600 Hz)) and crosstalk power of up to -6 dB.   
· Referring to the maximum achievable SNR given by Observation 4 (19.7 dB), sDCI SDM based scheme and by applying joint 4x4 processing, can consider MCS13 (16QAM CR = 0.48) for 2+2-layer combination under TDLA30-300 and medium cross polarization under RF impairments (PN, TO (-0.0625 us) and FO (600 Hz)) and crosstalk power ρ = - 12 dB. However, the results under TDLA30-75 and Low cross polarization should be more adequate.
· Considering UE independent processing for mDCI with full overlapping resource allocation scheme considering 16QAM using 2+2-layer combination, PN effects did not exceed 0.2 dB.   
· Referring to the maximum achievable SNR given by Observation 4 (19.7 dB), mDCI with full overlapping resource allocation scheme and by applying independent 2x2 processing, can consider MCS13 (16QAM CR = 0.48) for 2+2-layer combination under TDLA30-75 and medium cross polarization under RF impairments (PN, TO (0.25 us) and No FO (0 Hz)) and crosstalk power ρ = - 15 dB.
· Referring to the maximum achievable SNR given by Observation 4 (19.7 dB), mDCI with full overlapping resource allocation scheme and by applying joint 4x4 processing, can consider MCS13 (16QAM CR = 0.48) for 2+2-layer combination under TDLA30-75 and medium cross polarization under RF impairments (PN, TO (-0.0625 or 0.25 us) and FO (600 Hz)) and crosstalk power ρ = - 12 dB.
· Referring to the maximum achievable SNR given by Observation 4 (19.7 dB), mDCI with non-overlapping resource allocation scheme and by applying independent 2x2 processing, can consider MCS13 (16QAM CR = 0.48) for 2+2-layer combination under TDLA30-75 and high cross polarization under RF impairments (PN, TO (-0.0625 us) and FO (600 Hz)) and crosstalk power ρ up to -6 dB.
· Proposals
· Option 1 (Apple): Define PDSCH demodulation requirements with multi-RX for the following configurations.
· Multi-DCI with Overlapping PDSCH, 1 layer per TRP, Separate processing
· Multi-DCI with Overlapping PDSCH, 2 layers per TRP, Joint processing
· Single-DCI SDM with 1+1, Separate processing
· Single-DCI SDM with 2+2, Joint processing
· Option 2 (Ericsson): Define PDSCH demodulation requirements with multi-RX for the following configurations.
· Multi-DCI with Overlapping PDSCH, 2 layers per TRP, Joint processing
· Multi-DCI with non-overlapping PDSCH, 2 layers per TRP, Separate processing
· Single-DCI SDM with 1+1 and 2+2, Separate processing
QC: Since receiver option is open and per TRP processing may not achieve peak Tput with 2+2 case, 1+1 can be considered as a candidate option for mDCI fully-overlapping case.

Issue 2-1-7: 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 4-1 and 4-2.
· Option 2 (Nokia): Use the simulation parameters for sDCI SDM (changes from RAN4#107 proposals highlighted) as presented in Tables 3-1.
· Option 3 (Samsung): Consider PDSCH test cases and simulation parameter for sDCI based SDM scheme as presented in Tables 2-2 and 2-3.
· Recommended WF:
· Encourage comments if any.

Apple: In the requirement stage, we may have to define antenna configuration between TRP to UE.
Huawei: Starting symbol should be Sym 1.

Agreements:
Tentative simulation assumptions for initial evaluations:
Test parameters for sDCI SDM
	Parameter
	Unit
	Value

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

	Transmit TRxP of SSB
	
	TRxP #1

	PDCCH configuration
	TCI state
	
	TCI State #1

	
	CORESETPoolIndex
	
	0

	Duplex mode
	
	TDD

	Active DL BWP index
	
	1

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S) 
	
	1

	
	Length (L)
	
	Specific to each Reference channel as defined in A.3.2.2

	
	PRB bundling type
	
	Static

	
	PRB bundling size
	
	2

	
	Resource allocation type
	
	Type 1

	
	RBG size
	
	Config2

	
	VRB-to-PRB mapping type
	
	Non-interleaved

	
	VRB-to-PRB mapping interleaver bundle size
	
	N/A

	PDSCH DMRS configuration
	Antenna port indexes
	
	1000 for 1+1
1000-1001 for 2+2
	1002 for 1+1
1002-1003 for 2+2

	
	TCI state
	
	TCI State #1
	TCI State #2

	
	DMRS Type
	
	Type 1

	
	Number of additional DMRS
	
	1

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	
	1

	Resource allocation
	
	Full-overlapping

	Precoding configuration
	
	SP Type I, independent precoding generation is applied for both TRxPs, random per slot with PRB bundling granularity.

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



· Other options are not precluded
Issue 2-1-8: Test cases and simulation parameters for mDCI fully overlapping.
· Proposals
· [bookmark: _Hlk142997077]Option 1 (Ericsson): Consider PDSCH test cases and simulation parameter for mDCI fully overlapping as presented in Tables 4-3 and 4-4.
· Option 2 (Nokia): Use the simulation parameters for sDCI SDM (changes from RAN4#107 proposals highlighted) as presented in Tables 3-2.
· Option 3 (Samsung): Consider PDSCH test cases and simulation parameter for mDCI fully overlapping scheme as presented in Tables 2-4 and 2-5.
· Recommended WF:
· Encourage comments if any.

Issue 2-1-9: Test cases and simulation parameters for mDCI non-overlapping
· Observations
· Observation 1 (Nokia):
· In 38.101-4 section 5.2.3.1.12 FR1 mDCI non-overlapping configuration has been implemented by splitting the available RBs so each TRP is assigned half number of available RBs.
· Proposals
· Option 1 (Ericsson): Consider PDSCH test cases and simulation parameter for mDCI non-overlapping scheme as presented in Tables 4-5 and 4-6.
· Option 2 (Nokia): Define simulation parameters where the mDCI non-overlapping case is configured by splitting the available RBs equally between the two TRPs.
· Option 3 (Samsung): Consider PDSCH test cases and simulation parameter for mDCI non-overlapping scheme as presented in Tables 2-6 and 2-7.
· Recommended WF:
· Encourage comments if any.
[bookmark: _Hlk132389722]  
Issue 2-1-10: Whether to consider a scaling factor for transmitted signal in mDCI fully-overlapping case
· Proposals
· Option 1 (Ericsson, Samsung): Yes, SNR corresponds to SNR of TRxP #1 and TRxP #2 with scaling factor as 1/sqrt(2) for transmitted signal from each TRxP
· Recommended WF:
· Encourage comments if any.
Topic: CSI Reporting Requirements
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2311351
	Apple
	Proposal #1:  For further evaluation of PMI reporting for SDCI SDM scheme for FR2 multi-RX the following simulation assumptions are used:
[bookmark: _Hlk142955738]SCS/CBW: 120KHz/ 100MHz
TDD Pattern: DDDSU (10D+2G+2U)
Propagation channel: TDLA30-35
Antenna configuration per TRxP: 2x4 XP (4 antenna at UE across 2 panels)
Cross talk levels: -15,-9 dB
Cross correlation coefficient (g): 0.125
MCS/Rank: 13; 1 layer per TRP

	R4-2311746
	Nokia
	Observation 1: RAN4 is still discussing in the PDSCH agenda, if sDCI requirements are to be introduced at all, and if yes, with what assumption on the panel and receiver configurations. The alignment of PDSCH simulations have priority. 
[bookmark: _Hlk142955688]Proposal 1: Decide on simulation parameters for PMI reporting for sDCI SDM scheme following alignment of sDCI fundamental in the PDSCH discussion, and all current agreements for PMI shall be conditioned on the outcome of the sDCI concerning inclusion of sDCI test cases in PDSCH.

	R4-2313318
	Ericsson
	Proposal 1: 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 2: 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
	
	FR2.120-2 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 2x2  (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.5-8.1 TDD




	R4-2313653
	Huawei
	1. [bookmark: _Hlk142954749]Use FR2.120-1 (DDDSU) TDD pattern with CQI/RI/PMI delay 1.75ms for PMI reporting requirement for sDCI SDM scheme.
Define new reference channel for PMI reporting requirement for sDCI SDM scheme as following:
Table 8: Reference Channel for sDCI SDM
	Parameter
	Unit
	Value

	Reference channel
	
	Modified from R.PDSCH.5-7.1 TDD

	Channel bandwidth
	MHz
	100

	Subcarrier spacing
	kHz
	120

	Allocated resource blocks
	PRBs
	66

	Number of consecutive PDSCH symbols
	
	12

	Allocated slots per 2 frames
	
	63

	MCS table
	
	64QAM

	MCS index
	
	13

	Modulation
	
	16QAM

	Target Coding Rate
	
	0.48

	Number of MIMO layers
	
	2

	Number of DMRS REs (Note 3)
	
	24

	Overhead for TBS determination
	
	6

	Information Bit Payload per Slot 
	
	

	  For Slots 0 and Slot i, if mod(i, 5) = {3,4} for i from {0,…,159}
	Bits
	N/A

	For CSI-RS Slot i, if mod(i,5) =1 for i from {0,…,159}
	Bits
	N/A

	  For Slot i = 80
	Bits
	28680

	  For Slot i, if mod(i, 5) = {0,2} for i from {1,…,79,82,…,159}
	Bits
	28680

	Transport block CRC per Slot
	
	

	  For Slots 0 and Slot i, if mod(i, 5) = {3,4} for i from {0,…,159}
	Bits
	N/A

	For CSI-RS Slot i, if mod(i,5) =1 for i from {0,…,159}
	Bits
	N/A

	  For Slot i = 80
	Bits
	24

	  For Slot i, if mod(i, 5) = {0,2} for i from {1,…,79,82,…,159}
	Bits
	24

	Number of Code Blocks per Slot
	
	

	  For Slots 0 and Slot i, if mod(i, 5) = {3,4} for i from {0,…,159}
	CBs
	N/A

	For CSI-RS Slot i, if mod(i,5) =1 for i from {0,…,159}
	CBs
	N/A

	  For Slot i = 80
	CBs
	4

	  For Slot i, if mod(i, 5) = {0,2} for i from {1,…,79,82,…,159}
	CBs
	4

	Binary Channel Bits Per Slot
	
	

	  For Slots 0 and Slot i, if mod(i, 5) = {3,4} for i from {0,…,159}
	Bits
	N/A

	For CSI-RS Slot i, if mod(i,5) =1 for i from {0,…,159}
	Bits
	N/A

	  For Slot i = 80
	Bits
	57648

	  For Slot i, if mod(i, 5) = {0,2} for i from {1,…,79,82,…,159}
	Bits
	60720

	Max. Throughput averaged over 2 frames
	Mbps
	90.342

	Note 1:	SS/PBCH block is transmitted in slot #0 with periodicity 20 ms
Note 2:	Slot i is slot index per 2 frames
Note 3:	Number of DMRS REs includes the overhead of the DM-RS CDM groups without data


Use TDLA30-35 propagation channel for PMI reporting requirement for sDCI SDM scheme.
Use 2x2 ULA low antenna configuration for PMI reporting requirement for sDCI SDM scheme.

	R4-2311995
	MediaTek
	Proposal #1: We are fine to Table 7 with updated number of transmit antennas to 2.
Proposal #2: We are fine to Table 7 and proposed PDSCH Reference Channel with clarified DMRS port configuration information.



Open issues summary
List of open issues
· Sub-topic 3-1 Simulation assumptions
· Issue 3-1-1: TDD pattern
· Issue 3-1-2: Channel model
· Issue 3-1-3: Antenna configuration
· Issue 3-1-4: Simulation parameters for PMI reporting requirement for sDCI SDM scheme
Sub-topic 3-1: Simulation assumptions
Issue 3-1-1: TDD Pattern
· Proposals
· Option 1 (Ericsson): 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 1.375ms delay.
· Option 2 (Apple): Use DDDSU TDD pattern.
· Option 2a (Huawei): DDDSU TDD pattern with CQI/RI/PMI with CQI/RI/PMI delay of 1.75ms.
· Recommended WF:
· Encourage comments if any.

Issue 3-1-2: Channel Model.
· Proposals
· Option 1 (Huawei, Apple, Ericsson): Use TDLA30-35 propagation channel for PMI reporting requirement for sDCI SDM scheme.
· Recommended WF:
· Encourage comments if any.

Issue 3-1-3: Antenna Configuration
· Proposals
· Option 1 (Huawei): Use 2x2 ULA low antenna configuration for PMI reporting requirement for sDCI SDM scheme.
· Option 2 (Apple): 2x4 XP
· Option 3 (Ericsson): High 2x2 XP
· Recommended WF:
· Encourage comments if any.

Issue 3-1-4: 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.
· Option 1a (MediaTek): Table 7 with updated number of transmit antennas to 2
· Option 2 (Huawei): Define new reference channel for PMI reporting requirement for sDCI SDM scheme as presented in Table 8.
· Option 3 (Nokia): Decide on simulation parameters for PMI reporting for sDCI SDM scheme following alignment of sDCI fundamental in the PDSCH discussion, and all current agreements for PMI shall be conditioned on the outcome of the sDCI concerning inclusion of sDCI test cases in PDSCH.
· Option 4 (Apple): 
· SCS/CBW: 120KHz/ 100MHz
· TDD Pattern: DDDSU (10D+2G+2U)
· Propagation channel: TDLA30-35
· Antenna configuration per TRxP: 2x4 XP (4 antenna at UE across 2 panels)
· Cross talk levels: -15,-9 dB
· Cross correlation coefficient (g): 0.125

· Recommended WF:
· Encourage comments if any.

