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Introduction
As agreed in previous RAN4 meeting, the overall impact on RAN4 Performance requirements on Rel-16 eMIMO WI as summarized in below table: 
	Sub-items
	BS Demod 
	UE Performance

	
	
	UE Demod
	CSI

	Item 1: CSI enhancement for Type II codebook
	No
	NO
	Yes

	Item 2: Multi-TRP/Panel transmission
	Single DCI based transmission schemes
	No
	FFS
	No

	
	Multi-DCI based transmission scheme
	No
	Yes
	No

	Item3:Beam management enhancement
	Item3a: L1-SINR measurement
	No
	No
	No

	
	Item3b: BFR for Scell
	No
	No
	No

	
	Item3c: DL/UL beam indication with reduced latency and overhead
	No
	No
	No

	Item4: Full TX power UL transmission
	No
	No
	No

	Item5: Low PAPR RS
	NO
	NO
	No



The scope of this email discussion mainly focuses to identify the test scope of performance requirements include demodulation and CSI, decide the test set-up including detailed test parameters and introduce corresponding test cases into specifications. 
List of candidate target of email discussion for 1st round and 2nd round 
· 1st round: Discuss and identify the potential impact on UE/BS performance requirement based on RAN1 feature, and discuss the details test parameters to facilitate the test case setup for requirements. In order to make the discussion more concentrative, some open issues suggested to be deferred into 2nd round.
· For detailed test set-up, suggest to focused on FR1 first  in this meeting 
· 2nd round: Further discuss the left open issue, pending on the progress on 1st round, some open issues maybe further deferred into future meetings. 
Topic #1: PDSCH demodulation requirements (Multi-Panel/TRP transmission schemes)
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2006314
	Samsung
	Test Scope
Proposal 1: Introducing PDSCH demodulation requirements for transmission schemes related to URLLC operation
· Detailed selection on transmission schemes can be further discussed to differentiate with the test case introduced for single –DCI based on transmission with eMBB operation. 
Proposal 2: Deprioritize detailed test case design for  URLLC test cases pending on the progress on test case design for eMBB based NCJT Multi-TRP/Panel transmission test cases and normal URLLC test cases under Rel-16 URLLC WI.
· For URLLC relevant test cases, RAN4 only focused on test scope discussion in Q2 2020.
Proposal 3: Introducing PDSCH demodulation requirements for single DCI based transmission scheme with eMBB operation (Single-DCI based SDM scheme)
· Test applicable rules can be further discussed among single DCI-based on transmission test cases (eMBB) and multi-DCI based on transmission test cases (eMBB).

Proposal 4: Introduce PDSCH demodulation requirements with Multi-Panel/TRP transmission schemes (eMBB) in FR2 with single wide Rx beam assumption.
Test set-up (eMBB)
Proposal 5-TCI state: TCI state configuration for FR2:
	TCI index
	Information
	FR2

	TCI state #0
	Type 1 QCL information 
	SSB index
	SSB #0

	
	
	QCL Type
	Type C

	
	Type 2 QCL information
	SSB index
	SSB #0

	
	
	QCL Type
	Type D

	TCI state #1
	Type 1 QCL information 
	CSI-RS resource
	CSI-RS resource 1 from ‘CSI-RS for tracking’ configuration

	
	
	QCL Type
	Type A

	
	Type 2 QCL information
	CSI-RS resource
	CSI-RS resource 1 from ‘CSI-RS for tracking’ configuration

	
	
	QCL Type
	Type D

	TCI state #2
	Type 1 QCL information 
	CSI-RS resource
	CSI-RS resource 2 from ‘CSI-RS for tracking’ configuration

	
	
	QCL Type
	Type A

	
	Type 2 QCL information
	CSI-RS resource
	CSI-RS resource 1 from ‘CSI-RS for tracking’ configuration

	
	
	QCL Type
	Type D



Proposal 6: Timing offset between 2 TPs/Panels: 
Proposal 7: Frequency offset between 2 TPs/Panels: 
· FR1 FDD (15kHz SCS): [200Hz]
· FR1 TDD (30kHz SCS): [300Hz]
· FR2 TDD (120kHz SCS): FFS 
Proposal 8: For PDSCH scheduling 
· Single DCI based transmission : full overlapping
· Multi-DCI based on transmission:  introduce test cases for both Non overlapping and full overlapping 
· FFS for the detailed test applicable rules 
Proposal 9: Don’t consider to configure colliding TRS/CSI-RS for eMIMO multi-Panel/TRP PDSCH demodulation requirements. 
Overall Test cases (eMBB):
Proposal 10: Introduce below test cases for Mutil-TRP/Pannel transmission schemes (eMBB basis) as in section above. 
· Test 1a Single DCI with frequnecy offset and overlapping scheduling 
· Test 1b Single DCI with postive time offset and overlapping scheduling
· Test 1c Single DCI with negative time offset and overlapping scheduling
· Test 2a Multi- DCI with frequnecy offset and Non-overlapping scheduling 
· Test 2b Multi DCI with postive time offset and Non-overlapping scheduling
· Test 2c Multi DCI with negative time offset and overlapping scheduling
Proposal 11: Test applicable rules for UEs with different capability
	UE Type 
	Test 1a 
single DCI
Frequency offset
Overlapping 
	Test 1b 
single DCI
Positive time offset
Overlapping
	Test 1c
Single DCI
Negative time offset
Overlapping
	Test 2a
Multi DCI
Frequency offset
Non-Overlapping
	Test 2b
Multi DCI
Positive time offset
Non-Overlapping
	Test 2c
Multi DCI
Negative  time offset
Overlapping

	Only support single DCI 
	Yes
	Yes
	Yes
	
	
	

	Only support multi-DCI without overlapping 
	
	
	
	Yes
	Yes
	

	Only support multi-DCI and also support overlapping
	
	
	
	Yes
	Yes
	Yes

	Support both single DCI and multi-DCI
	
	
	Yes
	Yes
	Yes
	




	R4-2006316
	Samsung
	Observation 1:  The performance gap between Non-Overlap and Full-Overlap is 3dB based on same information bit payload configuration.
Observation2:  With 200Hz frequency offset, there is 2.5 dB performance gap to distinguish different UE behaviour with MCS13 (16QAM).
Observation 3: With 2us time offset, the performance gap is <1 dB under MCS 13 (16QAM)
Observation 4: With -0.5 us frequency offset, no much performance difference for MCS13 (16QAM).
In order to ensure proper UE behavior, higher MCS i.e. 64QAM need to be considered for further evaluation

	R4-2006539
	Intel Corporation
	Proposal 1:	Do not define FR2 requirements for simultaneous reception from multi-TRP/Panel for eMBB.
Proposal 2:	Study testability for FR2 single-DCI based multi-TRP schemes 3 and 4.
Proposal 3:	Define performance requirements for single-DCI based eMBB multi-TRP Tx scheme for FR1.
Proposal 4:	Define performance requirements for single-DCI based URLLC multi-TRP Tx schemes 1a, 2a, 2b for FR1, and 3 and 4 at least for FR1. Further discuss applicability rule between them if UE supports several.
Proposal 5:	Use 1% BLER as a test metric for single-DCI based URLLC multi-TRP Tx schemes performance requirements.
Proposal 6: 	Define PDSCH performance requirements with multi-DCI scheduling only for non-overlapped resource allocation approach.
Proposal 7: 	Further study performance degradation for configuration with colliding TRS/CSI-RS in multi-TRP/panel operation compare to non-colliding configuration.
Proposal 8:	Do not define performance requirements for multi-DCI based multi-TRP with UE rate-matching around configured CRS pattern.
Proposal 9: 	Further study reference receiver assumptions on multi-TRP time tracking implementation in NR. Appropriate TO value for requirements definition should be derived based on performance analysis and analysis on typical TO distributions.
Proposal 10: 	For multi-TRP/panel requirements definition use 300-400 Hz and 600-800 Hz FO for 15 kHz SCS and 30 kHz SCS respectively.

	R4-2006627
	Qualcomm Incorporated
	Proposal 1: Amongst single DCI multi-TRP schemes, define performance requirements only for SDM scheme. Do not define requirements for URLLC multi-TRP schemes. 
Proposal 2: Do not define multi-TRP requirements for FR2.
Proposal 3: Define multi-DCI multi-TRP requirements only for non-overlapping PDSCH scheduling.
Proposal 4: Do not define requirements for UE rate matching for multi-DCI multi-TRP scheme.
Proposal 5: Do not consider the scenario that the TRSs/CSI-RSs collide between 2 TRP.
Proposal 6: Differentiate the PDSCH configuration for multi-DCI and single-DCI scenario for SDM.

	R4-2006814
	MediaTek inc.
	Proposal 1: Set timing offset of first path from two TRPs by scaled with SCS: , = [-0.5, 2]μs
Proposal 2: Do not set frequency offset by linearly scaled with SCS
Proposal 3: Set frequency offset between two TRPs as
· FR1 FDD (15kHz SCS): 200Hz
· FR1 TDD (30kHz SCS): 300Hz
Proposal 4: Define only non-overlapping PDSCH scheduling for multi-DCI based multi-TRP transmission
Proposal 5: Do not consider the scenario with TRS/CSI-RS collide between 2 TRPs
Proposal 6: Do not define PDSCH performance requirement for FR2

	R4-2007198
	Huawei, HiSilicon
	Proposal 1: Option 2, i.e. Define multi-DCI based PDSCH requirements only for non-overlapping scheduling 
Proposal 2: Not to define PDSCH requirement for UE rate-matching around a configured CRS patterns.
Proposal 3: Configure 8 HARQ processes for each TRP with TDD 30kHz SCS with TDD pattern 7DS2U, FR1
Proposal 4: Not consider negative timing offset, and set timing offset by scaled with SCS , TO = 2us for 15 kHz SCS, and TO = 1us for 30 kHz SCS
Proposal 5: Two TRPs are assumed with transmission the same SSB, UE tracks 2 active TCI states with the assumption that PDSCH has the same TCI state as PDCCH.
Proposal 6: No need to set the frequency offset by scaled with SCS, set FO = 200Hz for 15 kHz SCS and FO = 300Hz for 30 kHz SCS.
 Proposal 7: Agree the following additional test parameters for PDCCH and PDSCH for non-overlapping resource allocation :
· PDSCH configuration for each TRP
· PDSCH resource mapping type: Type A
· Resource allocation type: Type 1
· DM-RS: DM-RS configuration type 1 with single-symbol DM-RS: 1+1
· Antenna configuration: 2x2 and 2x4 and/or 4x2, 4x4 for FR1 depends on the specific MIMO layers
· Antenna ports indexes: such as {1000,1001} and {1002,1003}, i.e. different CDM groups for two TRPs
· Starting symbol (S): 2
· Time duration (L): 12
· 

Frequency domain: half of the maximum bandwidth by indicating the start resource block , the allocated resource blocks  
· PDCCH configuration
· K0 = 0
· AL = 8

	R4-2007199
	Huawei, HiSilicon
	Proposal 1: Ok to define PDSCH requirement scheduled by single-DCI for multi-TRP/Panel transmission with test applicability rule
Proposal 2: Not to define PDSCH requirements for URLLC multi-TRP transmission schemes in eMIMO WI
Proposal 3: Only define requirements for FR1 eMBB
Proposal 4: Not consider the scenario with TRS/CSI-RS collide

	R4-2007385
	Ericsson
	Proposal 1: RAN4 should discuss further whether to introduce multi-TRP PDSCH demodulation requirements scheduled by multi-DCI for UE capable of simultaneous reception with different QCL type-D.
Proposal 2: For FR2, do not define multi-TRP PDSCH demodulation requirements scheduled by multi-DCI for UE not capable of simultaneous reception with different QCL type-D. 
Proposal 3: Set timing offset between TRPs to:
· 2us for SCS=15kHz,
· 1us for SCS=30kHz, and
· 0.25us for SCS=120kHz if RAN4 will define multi-TRP requirements for FR2.
Proposal 4: Set frequency offset between two TRPs to:
· 200Hz for SCS=15kHz,
· 400Hz for SCS=30kHz, and 
· FFS for FR2 if RAN4 will define multi-TRP requirements for FR2
Proposal 5: Do not define multi-TRP PDSCH demodulation requirements scheduled by multi-DCI for the rate-matching around a configured CRS pattern.
Proposal 6: Non-overlapping in frequency (but partially/fully overlapping in time) only if the single-DCI based multi-TRP test with full-overlapping transmission is defined.  
Proposal 7: For Multi-TRP PDSCH transmission requirements, RAN4 should consider the scenario that the TRSs/CSI-RSs are collided between two TRPs.
Proposal 7a: Alternatively RAN4 will define the PDSCH demodulation requirements assuming TRS/CSI-RS are collided by a neighboring cell in TEI15/TEI16 or Rel-17.

	R4-2007386
	Ericsson
	Proposal 1: RAN4 defines PDSCH demodulation requirements for Single-DCI based SDM scheme. 
Proposal 2: RAN4 defines PDSCH demodulation requirements for Single-DCI based FDM Scheme A.
Proposal 3: RAN4 uses the 70% of maximum throughput as the test metric of PDSCH demodulation requirements for single-DCI based multi-TRP transmission. 



Open issues summary
Last RAN4 meeting agreements in WF R4-2005529 as captured in Annex.
List of open issues:
· Sub-Topic 1-1: Test Scope
· Issue 1-1-1: Necessity of introducing test case(s)  for single DCI-based multi-panel/TRP transmission schemes (eMBB)  
· Issue 1-1-2: Necessity of introducing test case(s)  for single DCI-based multi-panel/TRP transmission schemes (URLLC)
· Issue 1-1-3: Necessity of introducing test case(s)  for multi-panel/TRP transmission schemes  in FR2
· Sub-Topic 1-2: Generic test set-up
· Issue 1-2-1: Timing offset among  multi-panel/TRP (FR1 only)
· Issue 1-2-2: Frequency offset among multi-panel/TRP (FR1 only)
· Issue 1-2-3: TRS/CSI-RS configuration 
· Issue 1-2-4:  TCI state configuration for FR2 (Postpone to 2nd round) 
· Issue 1-2-5: Test applicable rules (Postpone to future meetings)
· Sub-Topic 1-3: Test parameters for Multi-DCI based multi-TRP/Panel transmission schemes (eMBB)
· Issue 1-3-1: Resource allocation 
· Issue 1-3-2: CRS ratemacthing 
· Issue 1-3-3: PDCCH configuration
· Issue 1-3-4: PDSCH configuration
· Issue 1-3-5: Number of Test cases (Postpone to 2nd round) 
· Sub-Topic 1-4: Test parameters for Single-DCI based multi-TRP/Panel transmission schemes (eMBB)
· Issue 1-4-1: Resource allocation 
· Issue 1-4-2: PDSCH configuration
· Issue 1-4-3: Number of Test cases (Postpone to 2nd round) 
· Sub-Topic 1-5: Test parameters for Single-DCI based multi-TRP/Panel transmission schemes (URLLC)
· Issue 1-5-1: Tranmission schmes 
· Issue 1-5-2: Test metric 
Sub-topic 1-1: Test scope 
Issue 1-1-1: Necessity of introducing test case(s)  for single DCI-based multi-panel/TRP transmission schemes (eMBB)  
· Proposals
· Option 1: Introducing PDSCH demodulation requirements for Single-DCI based SDM scheme (eMBB operation (Samsung, Intel, Qualcomm, Huawei, Ericsson)
· Recommended WF
· Introducing PDSCH demodulation requirements  for Single-DCI based SDM scheme (eMBB operation) and further discuss the test applicable rules 
Issue 1-1-2: Necessity of introducing test case(s) for single DCI-based multi-panel/TRP transmission schemes (URLLC)
Note: detailed selection of transmission schemes will be discussed under sub-topic 1-5. 
· Proposals
· Option 1: Yes (Intel, Samsung, Ericsson ?)
· Option 2: NO (Qualcomm, Huawei)
· Recommended WF
· Companies’ views quite diverse for  whether to introduce PDSCH requirements for URLLC single DCI based transmission schemes  and the detailed selection of transmission schemes; suggest to discuss and identify any new behaviour from UE processing aspect which not verified by existing URLLC test cases (URLLC WI) and eMBB operation multi-panel/TRP transmission scheme test cases  
Issue 1-1-3: Necessity of introducing test case(s) for multi-panel/TRP transmission schemes in FR2
· Proposals
· Option 1: No (Huawei, Qualcomm, MTK)
· Option 2: Do not define FR2 requirements for simultaneous reception from multi-TRP/Panel (eMBB) and Study testability for FR2 single-DCI based multi-TRP schemes 3 and 4 (Intel)
· Option 3: Introduce PDSCH demodulation requirements with Multi-Panel/TRP transmission schemes (eMBB) in FR2 with single wide Rx beam assumption. (Samsung)
· Option 4: Don’t define multi-TRP PDSCH demodulation requirements scheduled by multi-DCI for UE not capable of simultaneous reception with different QCL type-D. RAN4 should discuss further whether to introduce multi-TRP PDSCH demodulation requirements scheduled by multi-DCI for UE capable of simultaneous reception with different QCL type-D. (Ericsson)
· Recommended WF
· There are 3 sub-issues need to be discussed:
· Whether to introduce test cases with simultaneous transmission under single Rx beam assumption (only one QCL type –D) -> Majority view, no as it’s not practical. 
· Whether to introduce test cases with non-simultaneous transmission (single-DCI based multi-TRP schemes 3 and 4) -> Test feasibility need to be further discussed
· Whether introduce test case with simultaneous transmission under multi- beam assumption (different  QCL type –D) -> It’s conflicted with last RAN4 meeting agreements and the baseline assumption in Rel-16 RF and RRM requirements 
Sub-topic 1-2: Generic test set-up

Issue 1-2-1: Timing offset among multi-panel/TRP (FR1 only)
· Proposals
· Option 1: Set timing offset of first path from two TRPs by scaled with SCS: , = [-0.5, 2]μs (MTK, Samsung) 
· Option 2: Not consider negative timing offset, and set timing offset by scaled with SCS , TO = 2us for 15 kHz SCS, and TO = 1us for 30 kHz SCS (Huawei, Ericsson)
· Option 3: Further study reference receiver assumptions on multi-TRP time tracking implementation in NR. Appropriate TO value for requirements definition should be derived based on performance analysis and analysis on typical TO distributions. (Intel) 
· Recommended WF
· Clarify the reference receiver assumption for multi-TRP time tracking; introducing timing offset which scaled with SCS  
· Derive candidate t1 values for further evaluation and simulation purpose 
Issue 1-2-2: Frequency offset among multi-panel/TRP (FR1 only)
· Proposals
· Option 1: 200Hz for FR1 FDD, 300Hz for FR1 TDD (Samsung, Huawei, MTK)
· Option 2: 200Hz for FR1 FDD, 400Hz for FR1 TDD (Ericsson)
· Option 3: 300-400 Hz for FR1 FDD and 600-800 Hz for FR1 TDD (Intel)
· Recommended WF
· From companies’ result, 200Hz already fulfil test purpose even company propose larger values.  Combined option 1 and option 2; for FR1 FDD 200Hz, for FR1 TDD further decide among 300Hz and 400Hz 
Issue 1-2-3: TRS/CSI-RS configuration 
· Proposals
· Option 1: No confliction among multi-Panel/TRP (Qualcomm, Samsung, MTK, Huawei)
· Option 2: Further study performance degradation for configuration with colliding TRS/CSI-RS in multi-TRP/panel operation compare to non-colliding configuration. (Intel) 
· Option 3: RAN4 should consider the scenario that the TRSs/CSI-RSs are collided between two TRPs. (Ericsson)
· Proposal 3a: RAN4 will define the PDSCH demodulation requirements assuming TRS/CSI-RS are collided by a neighbouring cell in TEI15/TEI16 or Rel-17.
· Recommended WF
· Taking non-colliding TRS/CSI-RS in multi-TRP/panel as baseline assumption meanwhile interested companies are encouraged to bring more analysis and evaluation results for non-colliding and colliding cases. 

Issue 1-2-4:  TCI state configuration for FR2 (deferred to 2nd round) 
· Proposals
· Option 1: Single Type D (Samsung)
	TCI index
	Information
	FR2

	TCI state #0
	Type 1 QCL information 
	SSB index
	SSB #0

	
	
	QCL Type
	Type C

	
	Type 2 QCL information
	SSB index
	SSB #0

	
	
	QCL Type
	Type D

	TCI state #1
	Type 1 QCL information 
	CSI-RS resource
	CSI-RS resource 1 from ‘CSI-RS for tracking’ configuration

	
	
	QCL Type
	Type A

	
	Type 2 QCL information
	CSI-RS resource
	CSI-RS resource 1 from ‘CSI-RS for tracking’ configuration

	
	
	QCL Type
	Type D

	TCI state #2
	Type 1 QCL information 
	CSI-RS resource
	CSI-RS resource 2 from ‘CSI-RS for tracking’ configuration

	
	
	QCL Type
	Type A

	
	Type 2 QCL information
	CSI-RS resource
	CSI-RS resource 1 from ‘CSI-RS for tracking’ configuration

	
	
	QCL Type
	Type D



· Recommended WF
· Postpone to 2nd round pending on discussion status on issue 1-1-3:

Issue 1-2-5: Test applicable rules (deferred to future meetings)
· Proposals
· Option 1: Test applicable rules for UEs with different capability (Samsung)
	UE Type 
	Test 1a 
single DCI
Frequency offset
Overlapping 
	Test 1b 
single DCI
Positive time offset
Overlapping
	Test 1c
Single DCI
Negative time offset
Overlapping
	Test 2a
Multi DCI
Frequency offset
Non-Overlapping
	Test 2b
Multi DCI
Positive time offset
Non-Overlapping
	Test 2c
Multi DCI
Negative  time offset
Overlapping

	Only support single DCI 
	Yes
	Yes
	Yes
	
	
	

	Only support multi-DCI without overlapping 
	
	
	
	Yes
	Yes
	

	Only support multi-DCI and also support overlapping
	
	
	
	Yes
	Yes
	Yes

	Support both single DCI and multi-DCI
	
	
	Yes
	Yes
	Yes
	


· 
· Recommended WF
· Postpone to future RAN4 meetings pending on the progress on RAN1 feature list and RAN4 test scope
Sub-topic 1-3: Test parameters for Multi-DCI based multi-TRP/Panel transmission schemes (eMBB)

Issue 1-3-1: Resource allocation 
· Proposals
· Option 1: Only non-overlapping cases (Huawei, Qualcomm, MTK, Intel)
· Option 2: Both non-overlapping and full-overlapping cases (Samsung)
· FFS for test applicable rules 
· Option 3: Non-overlapping and full-overlapping if no requirements for single-DCI based multi-TRP will be introduced, Otherwise only non-overlapping (Ericsson)
· Recommended WF
· At least introduce non-overlapping case(s), FFS whether full-overlapping test cases needed or not  pending on the decision of introducing single –DCI based on SDM schemes test case(s) (Issue 1-1-1)

Issue 1-3-2: CRS rate-matching 
· Proposals
· Option 1: Do not define performance requirements for multi-DCI based multi-TRP with UE rate-matching around configured CRS pattern. (MTK, Ericsson, Huawei, Intel, Qualcomm, Samsung)
· Recommended WF
· Agree option 1

Issue 1-3-3: PDCCH configuration
· Proposals
· Option 1: K0 = 0, AL = 8 (Huawei)
· Recommended WF
· Companies’ feedback needed for above proposal 
Issue 1-3-4: PDSCH configuration
· Proposals
· Option 1: PDSCH configuration for each TRP (Huawei)
· PDSCH resource mapping type: Type A
· Resource allocation type: Type 1
· DM-RS: DM-RS configuration type 1 with single-symbol DM-RS: 1+1
· Antenna configuration: 2x2 and 2x4 and/or 4x2, 4x4 for FR1 depends on the specific MIMO layers
· Antenna ports indexes: such as {1000,1001} and {1002,1003}, i.e. different CDM groups for two TRPs
· Starting symbol (S): 2
· Time duration (L): 12
· 

Frequency domain: half of the maximum bandwidth by indicating the start resource block , the allocated resource blocks  
· Recommended WF
· Companies’ feedback needed for above proposal 
Issue 1-3-5: Number of test cases (Postpone to 2nd round) 
· Proposals
· Option 1: 3 test cases per duplex mode (Samsung) 
· Test 2a Multi- DCI with frequnecy offset and Non-overlapping scheduling 
· Test 2b Multi DCI with postive time offset and Non-overlapping scheduling
· Test 2c Multi DCI with negative time offset and overlapping scheduling
· Recommended WF
· Companies’ feedback needed for above proposal, also pending on decision on issue: 1-3-1 (resource allocation) and 1-2-1 (time offset)

Sub-topic 1-4: Test parameters for Single-DCI based multi-TRP/Panel transmission schemes (eMBB)
Issue 1-4-1: Resource allocation
· Proposals
· Option 1: full overlapping in frequency domain (Samsung)
· Recommended WF
· Companies’ feedback needed for above proposal 

Issue 1-4-2: PDSCH configuration for overlapping 
· Proposals
· Option 1:  (Samsung) 
· Layer combination: 1+1 for both 2Rx and 4Rx 
· Number of TCI state: Two TCI states configuration 
· Recommended WF
· Companies’ feedback needed for above proposal 
Issue 1-4-3: Number of test cases (Postpone to 2nd round) 
· Proposals
· Option 1: 3 test cases per duplex mode (Samsung) 
· Test 1a Single DCI with frequency offset and overlapping scheduling 
· Test 1b Single DCI with postive time offset and overlapping scheduling
· Test 1c Single DCI with negative time offset and overlapping scheduling
· Recommended WF
· Companies’ feedback needed for above proposal, also pending on decision on issue: 1-3-1 (resource allocation) and 1-2-1 (time offset)

Sub-topic 1-5: Test parameters for Single-DCI based multi-TRP/Panel transmission schemes (URLLC)
Issue 1-5-1: Transmission schemes 
· Proposals
· Option 1: Define performance requirements for single-DCI based URLLC multi-TRP Tx schemes 1a, 2a, 2b for FR1, and 3 and 4 at least for FR1. Further discuss applicability rule between them if UE supports several. (Intel)
· Option 2: RAN4 defines PDSCH demodulation requirements for Single-DCI based FDM Scheme A (2a) (Ericsson)
· Option 3: RAN4 define test case with selection of schemes which differiate with single-DCI test cases with eMBB operation (Samsung)
· Recommended WF
· Related to discussion on issue 1-1-2, suggest to discuss and identify any new behaviour from UE processing aspect for each transmission schemes which not verified by existing URLLC test cases (URLLC WI) and eMBB operation multi-panel/TRP transmission scheme test cases  
Issue 1-5-2: Test Metric 
· Proposals
· Option 1: 70% TP (Ericsson) 
· Option 2: 1% BLER (Intel) 
· Recommended WF
· Companies’ feedback needed for above proposal 
Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	Intel
	Sub-Topic 1-1: Test Scope
· Issue 1-1-1: Necessity of introducing test case(s)  for single DCI-based multi-panel/TRP transmission schemes (eMBB) 
Agree with recommended WF. Regarding applicability rule prefer not to define any applicability rules between non-overlapping multi DCI based multi-panel/TRP and single DCI based multi-panel/TRP transmission schemes since different resource allocation approaches correspond to different UE receive processing.
· Issue 1-1-2: Necessity of introducing test case(s)  for single DCI-based multi-panel/TRP transmission schemes (URLLC)
First of all, supporting of each multi-panel/TRP transmission schemes are separate UE features. Some UE may support only URLLC multi-panel/TRP transmission schemes. If RAN4 do not define corresponding requirements such UEs will not be tested in multi-panel/TRP transmission conditions at all. Same time completely different UE receive processing is required comparing to Rel-15 UE behaviors. Also, since supporting of each URLLC Tx scheme is a separate feature – RAN4 should not make any prioritization between them to define performance requirements. Only discussion regarding applicability rule between them is reasonable.
Some companies mentioned that Rel-16 URLLC single TRP performance requirements can cover some URLLC multi-TRP Tx schemes. Same time, performance tests for multi-TRP/panel will assume time/frequency non-synchronized transmission between TRPs, which will impact overall demodulation performance. Also, multi-TRP/panel Tx assumes enhanced QCL mechanism, which has direct impact on performance and not verified in Rel-16 URLLC single-TRP test cases.
Prefer Option 1.
· Issue 1-1-3: Necessity of introducing test case(s)  for multi-panel/TRP transmission schemes  in FR2
· Whether to introduce test cases with simultaneous transmission under single Rx beam assumption (only one QCL type –D) 
Do not clearly understand UE behavior in such configuration. How beam synchronization/refinement procedures are performed with one Rx two Tx beams? Can companies provide more details? 
· Whether to introduce test cases with non-simultaneous transmission (single-DCI based multi-TRP schemes 3 and 4) 
As we explain in our paper, in Rel-15 OTA test methodology the UE RX beam is locked during the test. It may impose certain challenges in testing the reception using different RX beams. One of the possible solutions is to assume that both signals are coming from the same direction. In this case we can verify only correct UE baseband receiver processing (e.g. correct T/F tracking)
· Whether introduce test case with simultaneous transmission under multi- beam assumption (different  QCL type –D) 
Agree with moderator conclusion. This scenario is not supported by core requirements. Not reasonable to define only performance requirements.
Sub-Topic 1-2: Generic test set-up
· Issue 1-2-1: Timing offset among  multi-panel/TRP (FR1 only)
· Issue 1-2-2: Frequency offset among multi-panel/TRP (FR1 only)
First of all, BS Tx frequency error is limited by 0.1PPM. In worst case UE can observe 0.2 PPM frequency offset between two TRPs. 
Considering above logic, [200, 300, 400, 500, 600, 700, 800] Hz frequency offset on UE side correspond to the [1, 1.5, 2, 2.5, 3, 3.5, 4] GHz carrier frequency. As we see 200 Hz is too low to reflect real NR deployments.
Moreover, if we agree to reuse LTE requirements for 15 kHz SCS it is reasonable to choose highest frequency offset which is used in LTE requirements. In general, multi-TRP and multi-cell operation scenarios can be considered as same in terms of TO/FO synchronization between different Tx points. According to the TM9 and TM10 LTE requirements (for example sections 8.3.1.1F in 36.101) 300 Hz max frequency offset was considered between Tx points. For NR also prefer to consider at least 300 Hz for 15 kHz SCS.
30 kHz SCS deployments, in general, operates with higher carrier frequency compare to 15 kHz SCS.  Prefer to simply scale frequency offset with SCS. 
300 Hz for 15 kHz SCS and 600 Hz for 30 kHz SCS.
· Issue 1-2-3: TRS/CSI-RS configuration 
Agree with recommended WF.
· Issue 1-2-4:  TCI state configuration for FR2 (Postpone to 2nd round) 
· Issue 1-2-5: Test applicable rules (Postpone to future meetings)
Sub-Topic 1-3: Test parameters for Test parameters for Multi-DCI based multi-TRP/Panel transmission schemes (eMBB)
· Issue 1-3-1: Resource allocation 
· Issue 1-3-2: CRS rate-matching 
Agree with recommended WF.
· Issue 1-3-3: PDCCH configuration
Agree with option 1.
· Issue 1-3-4: PDSCH configuration
Agree with all proposed parameters except antenna configuration. Do not see necessity to introduce requirements for 4x2 and 4x4 configurations. 
· Issue 1-3-5: Number of Test cases (Postpone to 2nd round) 
Sub-Topic 1-4: Test parameters for Test parameters for Single-DCI based multi-TRP/Panel transmission schemes (eMBB)
· Issue 1-4-1: Resource allocation
Agree with option 1. 
· Issue 1-4-2: PDSCH configuration
Agree with option 1.
· Issue 1-4-3: Number of Test cases (Postpone to 2nd round) 
· Sub-Topic 1-5: Test parameters for Test parameters for Single-DCI based multi-TRP/Panel transmission schemes (URLLC)
· Issue 1-5-1: Transmission schemes
Prefer option 1: requirements should be introduced for all URLLC related transmission schemes since supporting of them are separate UE features. 
According to RAN1 discussion low MCS value is more suitable to consider for URLLC multi-panel/TRP transmission scheme to avoid non-self-decodable transmissions due to possible blockage of one Tx occasion.  In this case RAN4 can define SDM scheme 1a with low MCS value for URLLC and with normal MCS value for eMBB use case since it is also different UE features.
· Issue 1-5-2: Test metric
We think that 1% BLER test metric is more meaningful for URLCC transmission schemes. Also, we would like to note that corresponding test time is not a problem since increasing of test time is negligible. We have not any problems with PDCCH testing.  
Others:

Update: 
· Issue 1-1-2: Necessity of introducing test case(s)  for single DCI-based multi-panel/TRP transmission schemes (URLLC)
We share similar view as Samsung that it is not enough to have requirements only for non-overlapped multi-DCI based Transmission scheme and single-DCI based SDM scheme. First of all, since multi-DCI based Transmission scheme is much complicated and requires a lot of additional features, hence some UEs will support only single-DCI based transmission schemes. In this case the question is whether SDM scheme can cover other single-DCI based schemes. Based on RAN1 design completely different TBS calculation is assumed for SDM and other URLCC Tx schemes. Beside that different CW soft combining and resource allocations are assumed for FDM and TDM URLLC schemes compare to SDM.  Moreover, CW combining can be performed within slot or inter-slot depending on specific scheme. 
We do not agree that URLLC single TRP requirements with inter-slot aggregation can cover multi-TRP schemes. First of all, they are separate UE features. Also, TO/FO non-synchronous transmission is assumed for multi-TRP operation which impacts demodulation performance.  Different TBS calculation is also assumed for these scenarios. 
· Issue 1-2-1: Timing offset among  multi-panel/TRP (FR1 only)
Agree with Samsung suggestion on baseline values for further evaluation. Same time prefer to add that other options are not precluded.
· Issue 1-2-2: Frequency offset among multi-panel/TRP (FR1 only)
As we see other companies derive max observed frequency offset on UE side under assumption of Wide area BS with 0.05 PPM frequency error. Same time we also considered Medium range BS with 0.1 PPM error. In results, for different BS classes the worst case will be different: for example, with 4GHz carrier frequency 400 and 800 Hz frequency offsets will be observed for WA BS and MA BS respectively. Can companies clarify why we should focus only on WA BS? In our understanding typical range for MA BS is also suitable for enabling multi-TRP transmissions and providing performance benefits for cell-edge UEs.

	Apple
	Sub-Topic 1-1: Test Scope
· Issue 1-1-1: Necessity of introducing test case(s)  for single DCI-based multi-panel/TRP transmission schemes (eMBB)  
We support introducing test case with single DCI for SDM scheme and agree with recommended WF. 
· Issue 1-1-2: Necessity of introducing test case(s)  for single DCI-based multi-panel/TRP transmission schemes (URLLC)
We don’t think it’s necessary to introduce requirements for all the URLLC multi-TRP transmission schemes. The UE processing for the FDM schemes should not be very different for handling multiple TCI states which is already covered in multi-DCI and SDM transmission scheme. The TDM schemes are enhanced repetition schemes which might not special UE processing that is not already covered in Rel-15 or other test cases with multi-TRP. We suggest to prioritize defining requirements for multi-DCI and single DCI SDM scheme and come back to URLLC schemes if determined to be necessary.
· Issue 1-1-3: Necessity of introducing test case(s)  for multi-panel/TRP transmission schemes  in FR2
We propose not to define requirements with multi-TRP in FR2. Most UEs support reception from single antenna panel and introducing test cases in FR2 that require reception with multiple panels might not be practical. It is not practical scenario to have a test case with simultaneous transmission under single RX beam assumption either.  
Sub-Topic 1-2: Generic test set-up
· Issue 1-2-1: Timing offset among  multi-panel/TRP (FR1 only)
· Issue 1-2-2: Frequency offset among multi-panel/TRP (FR1 only)
· Issue 1-2-3: TRS/CSI-RS configuration 
We prefer option1 – TRS/CSI-RS are scheduled such that they are non-colliding. 
· Issue 1-2-4:  TCI state configuration for FR2 (Postpone to 2nd round) 
· Issue 1-2-5: Test applicable rules (Postpone to future meetings)
Sub-Topic 1-3: Test parameters for Test parameters for Multi-DCI based multi-TRP/Panel transmission schemes (eMBB)
· Issue 1-3-1: Resource allocation 
We prefer option 1 and prefer to define requirements for non-overlapping resource allocation. 
· Issue 1-3-2: CRS ratemacthing 
We are fine with recommended WF. 
· Issue 1-3-3: PDCCH configuration
· Issue 1-3-4: PDSCH configuration
· Issue 1-3-5: Number of Test cases (Postpone to 2nd round) 
Sub-Topic 1-4: Test parameters for Test parameters for Single-DCI based multi-TRP/Panel transmission schemes (eMBB)
· Issue 1-4-1: Resource allocation 
Option 1 is fine with us.
· Issue 1-4-2: PDSCH configuration
· Issue 1-4-3: Number of Test cases (Postpone to 2nd round) 
· Sub-Topic 1-5: Test parameters for Test parameters for Single-DCI based multi-TRP/Panel transmission schemes (URLLC)
· Issue 1-5-1: Tranmission schmes 
Depends on outcome of Issue 1-1-2.
· Issue 1-5-2: Test metric 
Others:

	Ericsson
	Sub-Topic 1-1: Test Scope
· Issue 1-1-1: Necessity of introducing test case(s)  for single DCI-based multi-panel/TRP transmission schemes (eMBB)  
Support the recommended WF, introducing PDSCH demodulation requirements for single-DCI based SDM scheme. 

· Issue 1-1-2: Necessity of introducing test case(s)  for single DCI-based multi-panel/TRP transmission schemes (URLLC)
As we discussed in our paper, we should not use eMBB or ULRRC, because it may mislead the discussion. We suggest using the feature names such as SDM scheme, FDM Scheme A, FDM Scheme B, TDM Scheme A and inter-slot TDM. 
We should focus on the required receiver processing rather than use cases, i.e., URLLC or eMBB.
We prefer to define requirements FDD scheme A for single-DCI based transmission schemes as we discussed in sub-topic 1-5.
 
· Issue 1-1-3: Necessity of introducing test case(s)  for multi-panel/TRP transmission schemes  in FR2
In the last meeting we agreed not to define multi-DCI based multi-TRP transmission for FR2 because the UE assumption was single Rx beam reception. But RAN1 has agreed to introduce a capability of simultaneous reception for FR2, and therefore we think RAN4 can define the multi-DCI based multi-TRP transmission for UE capable for simultaneous reception in FR2. 

Sub-Topic 1-2: Generic test set-up
· Issue 1-2-1: Timing offset among  multi-panel/TRP (FR1 only)
Support the recommended WF

· Issue 1-2-2: Frequency offset among multi-panel/TRP (FR1 only)
We are also ok with option 1, i.e., 200Hz for FR1 FDD and 300Hz for FR1 TDD, because it depends on the assumed center frequency. 
We assumed 4GHz for TDD but companies supporting Option 1 seems to assume 3GHz. 

· Issue 1-2-3: TRS/CSI-RS configuration 
Support the recommended WF. We would like to keep this configuration in the simulation assumption for multi-TRP transmission case. 

· Issue 1-2-4:  TCI state configuration for FR2 (Postpone to 2nd round) 
· Issue 1-2-5: Test applicable rules (Postpone to future meetings)
Sub-Topic 1-3: Test parameters for Test parameters for Multi-DCI based multi-TRP/Panel transmission schemes (eMBB)
· Issue 1-3-1: Resource allocation 
It looks RAN4 can agree to define single-DCI based SDM requirements (1-1-1), we are fine with option 1. 

· Issue 1-3-2: CRS rate-matching 
Support the recommended WF. 

· Issue 1-3-3: PDCCH configuration
Fine with option 1.

· Issue 1-3-4: PDSCH configuration
Fine with option 1. We appreciate if RAN4 would discuss more simulation parameters, e.g., channel model, MCS, as shown in R4-2007385.

· Issue 1-3-5: Number of Test cases (Postpone to 2nd round) 
Sub-Topic 1-4: Test parameters for Test parameters for Single-DCI based multi-TRP/Panel transmission schemes (eMBB)
· Issue 1-4-1: Resource allocation 
Firstly we assume this refers to SDM scheme. 
If so the PDSCH resource allocation should be fully overlapped according to RAN1 specification, so support the recommend WF. 

· Issue 1-4-2: PDSCH configuration
Fine with option 1.

· Issue 1-4-3: Number of Test cases (Postpone to 2nd round) 
· Sub-Topic 1-5: Test parameters for Test parameters for Single-DCI based multi-TRP/Panel transmission schemes (URLLC)
· Issue 1-5-1: Transmission schemes
As commented in 1-1-2, we should not use eMBB or ULRRC, since it may mislead the discussion. We suggest using the feature names such as SDM scheme, FDM Scheme A, FDM Scheme B, TDM Scheme A and inter-slot TDM.  
We think RAN4 should define PDSCH demodulation requirements with FDM scheme (overlapped in time domain, non-overlapped in frequency domain) because two TRP transmits different PRBs. 
It could be same as multi-DCI multi-TRP transmission with non-overlapped case (Sub topic: 1-2), but topic 1-2 requires another UE capability of ‘Multi-DCI based multi-TRP’. RAN4 should define FDM scheme at least for UE not capable of Multi-DCI based multi-TRP.  
We are also interested in TDM scheme (overlapped in frequency domain, non-overlapped in timing domain), but eURLLC WI performance agreed to introduce PDSCH demodulation requirements with slot aggregation. So we are fine to exclude it from the scope. 
 this is the reason we prefer option 2. 
· Issue 1-5-2: Test metric 
We do not need to stick to ‘URLLC’. It is enough to reuse the traditional 70% of max Tput to verify the FDM scheme functionality as well as SDM scheme.
Others:

	Qualcomm
	Issue 1-1-1: Ok with recommended WF.
Issue 1-1-2: As discussed in our paper, if RAN4 decides to define requirements for m-DCI and SDM schemes, no new UE receiver algorithm will be tested in other schemes. So, we prefer Option 2.
Issue 1-1-3: Prefer Option 1. For FR2, schemes 3 and 4 will also have beam switching delays in case of FR2. Also, test equipment can only transmit single beam to UE for demod tests. So, if signal is coming from same direction all the time, we don’t really test anything new in that case. Therefore, we prefer not to introduce such tests at this point.
Issue 1-2-1: Ok with recommended WF.
Issue 1-2-2: Ok with Option 1.
Issue 1-2-3: Prefer Option 1.
Issue 1-3-1: Prefer Option 1.
Issue 1-3-2: Ok with recommended WF.
Issue 1-3-3: Ok with Option 1.
Issue 1-3-4: Ok with Option 1 except antenna configuration. We already agreed to have only 1 or 2 layers from each TRP. So, we don’t need 4Tx.
Issue 1-3-5: Our preference is to have only one test case with non-overlapping scheduling, timing offset and frequency offset.
Issue 1-4-1/1-4-2: Ok with Option 1 for SDM scheme.
Issue 1-5-1: As described in our paper, we don’t see any new UE processing being tested with these schemes and we prefer not to define any test cases for URLLC schemes.

	Samsung
	Sub-Topic 1-1: Test Scope
· Issue 1-1-1: Necessity of introducing test case(s)  for single DCI-based multi-panel/TRP transmission schemes (eMBB) 
Agree with recommended WF. At least we need to introduce test case for Single DCI-based on SDM transmission scheme with full-overlapping resources.  
Regarding test applicable rules, we can further discuss pending on RAN1 final decision for e-MIMO UE feature list and the detailed test cases we will introduce for single –DCI based transmission schemes and multi-DIC transmission schemes. At least two aspect need to be further discussed:
1) Single DCI-SDM scheme, Multi-DCI with non-overlapping and Multi-DCI with full overlapping are belong to separate UE sub-features, we may need to introduce separate test cases to cover these separate sub-features. And pending on UE capability, we can select corresponding test cases to pass and the details provide in our paper.
2) Single DCI-SDM scheme can be used for both eMBB and URLLC usages, we prefer not to introduce duplicated test cases with Single DCI-SDM schemes; one test case with normal test metric enough.  
· Issue 1-1-2: Necessity of introducing test case(s)  for single DCI-based multi-panel/TRP transmission schemes (URLLC)
In general, Single-DCI transmission schemes support several transmission schemes, in our views several schemes including SDM scheme, FDM scheme A, FDM scheme B, TDM scheme A, TDM scheme B. 
For SDM scheme, seem companies reach consensus we need to introduce test case, this scheme can apply for both eMBB and URLLC usage. Then next question would be whether we need to introduce test cases for other 4 schemes? 
Regarding additional test purpose and difference compared to features and test cases introduced for URLLC WI and Multi-Panel/TRP transmission test cases in eMIMO (eMBB)
1) From resource scheduling aspect, these schemes quite similar as eURLLC WI.  On the other hand, from multi-TCI scheduling with multi-TRP/Panel transmission are different compared to eURLLC features and test cases. 
2) From multi-TCI scheduling aspect, it can be verified by Single DCI SDM schemes. Meanwhile resource scheduling schemes and CW combining behavior didn’t covered by Single DCI schemes.
In summary, the resource scheduling and multi-TCI scheduling have been verified by separate test cases in URLLC and eMIMO other test cases. Meanwhile, UE behavior with supporting combined them together didn’t been verified.  That’s the delta compared to the test cases for URLLC and SDM test cases.  
Another point, all these transmission schemes are separate UE features compared to URLLC feature and eMBB single DIC-SDM schemes. Some UE may declare support URLLC feature, not support these schemes. Some UEs may declare support SDM schemes and not support other schemes and vice versa.  
· Based on above assumption, we should introduce test case covering at least one or some of transmission schemes. 
To Ericsson, we agree in the end we should introduce test cases into specification using feature name/transmission scheme name. These features can be deployed without restriction. On the other hand, Cleary single-DCI transmission scheme FDM A, FDM B, TDM A and TDM B are introduced majorly target for high reliability usage, that’s RAN1 assumption. In order to facilitate the discussion on related test parameters, test metric, we should not ignore this and that’s the reason we try to category the schemes in current structure to facilitate the discussion. 
· Issue 1-1-3: Necessity of introducing test case(s)  for multi-panel/TRP transmission schemes  in FR2
· Whether to introduce test cases with simultaneous transmission under single Rx beam assumption (only one QCL type –D) 
To Intel, our assumption is we can configure only one QCL type –D resources for two TCI state (SSB/CSI-RS). UE will rely on configured TCI state and beam related SSB/CSI-RS resource for beam tracking/switching/refinement. During the configuration, we only configure one resource (SSB/CSI-RS resource) for Beam tracking, as illustrated in below figure ,this resource transmit from two Panels to form one wide Tx beam, and PDSCHs transmit from two panel with narrow sub-beams. And from UE receiver side, no beam switch required, always locked on the SSB transmission wide beam. 
We are open to discuss whether this test set-up is realistic and whether feasible from TE and UE aspect. 
[image: ]
· Whether to introduce test cases with non-simultaneous transmission (single-DCI based multi-TRP schemes 3 and 4) 
As Intel and other companies mentioned, this is not aligned with existing FR2 Test set-up. Additional effort required for TE implementation, TE vendors feedback required? 
· Whether introduce test case with simultaneous transmission under multi- beam assumption (different  QCL type –D) 
Cleary this is out of Rel-16 scope, pending on the progress on core part, we may consider in future release. 
Sub-Topic 1-2: Generic test set-up
· Issue 1-2-1: Timing offset among  multi-panel/TRP (FR1 only)
Regarding positive and negative time offset Intel paper make good analysis (R4-2006539). 
1) What’s the reference for time setting-up?
In  LTE CoMP (TM10),  CRS always be the reference signal for reference timing and cells(TPs) carry on CRS transmission can be used a reference, then compared to transmission signals for this reference TP, we have negative and positive time offset. 
Unlike LTE, for NR transmission we lack of such reference, we suggest using TP which carry on SSB transmission with default TCI state 0 as the reference TP (TP1 in below figure).
[image: ][image: ]
During test set-up, TP2 has a time offset compared to TP1, then corresponding positive and negative time offset. 
2) What’s the baseline UE assumption for FFT window assumption?
Regarding two options in R4-2006539
Two typical time tracking implementations can be considered in NR multi-TRP operation:
1) Option 1: FFT timing based on TRP with a highest RSRP on sync signals + fixed timing shift.
2) Option 2: FFT timing based on nearest TRP.

We think both of these two options are reasonable and possible implementation. In real network, considering UE mobility, FFT window can be adjusted and referred to different TRPs.  
Similar as the discussion in LTE, we should allow some freedom for UE implementation and try to define requirements as receiver implementation agonistic manner.  
We propose the baseline assumption for UE FFT window can be UE always fixed FFT timing based on default TCI state i.e. TP1.
With this assumption to define performance requirements and test set-up, we can ensure allow freedom for UE implementation. 
Regarding detailed test set-up, we propose to use {-1, -0.5, 1,2,3} as candidate values for further evaluation. 
For fading channel, we propose to use TDL-A channel, as other channel may not sensitive to timing offset due to dispersive paths. 
· Issue 1-2-2: Frequency offset among multi-panel/TRP (FR1 only)
From our results and Intel results, 200Hz already served test purpose. 0.1 ppm frequency error requirements specified for BS (Wide area BS 0.05 ppm), this is minimum RF requirements which should applied for all the modulation orders and extreme conditions. In reality, BS can achieve better performance ; also considering multi-Panel/TRP scenarios, these TRP/Panel will have similar environment condition  and share same sync source; for multi-Panel scenario, multi-Panel even share same PLL ; with above consideration, we believe relative frequency offset will not over than 0.1 ppm. With this, considering operation bands for FDD and TDD, 200Hz for FDD; 300Hz or 400Hz for TDD would be much reasonable values. 
· Issue 1-2-3: TRS/CSI-RS configuration 
Agree with recommended WF.
Sub-Topic 1-3: Test parameters for Test parameters for Multi-DCI based multi-TRP/Panel transmission schemes (eMBB)
· Issue 1-3-1: Resource allocation
We can comprise to first focused on non-overlapping case, meanwhile Multi-DCI with full over-lapping is separate UE feature, we need to decide to introduce Single-DCI SDM scheme with full overlapping test case. With that, probably we not need to full overlapping test case for Multi-DCI.
· Issue 1-3-2: CRS ratematching 
Agree with recommended WF.
· Issue 1-3-3: PDCCH configuration
Agree with option 1.
· Issue 1-3-4: PDSCH configuration
Agree with all proposed parameters except antenna configuration. We prefer only introducing test case with 2x2 and 2x4.
Sub-Topic 1-5: Test parameters for Test parameters for Single-DCI based multi-TRP/Panel transmission schemes (URLLC)
· Issue 1-5-1: Transmission schemes
We prefer to down select one or some of transmission schemes from FDM scheme A, FDM Scheme B, TDM Scheme A, Inter-Slot TDM scheme. 
For SDM scheme, we think it can be used for both eMBB and URLLC, from feature list aspect, it’s a single feature. Introduce one test case enough to verify UE behavior; no needed duplicated test cases for eMBB and URLLC usage even test parameters probably pending on usage scenarios.
BTW, Better we can align and use the same terminology for the schemes, scheme 1a, 2a,2b quite confused. We suggest to align with the terminology used in RAN1 feature list i.e. “Single-DCI based SDM scheme”，“Single-DCI based FDMSchemeA”， “Single-DCI based FDMSchemeB”， “Single-DCI based TDMSchemeA”，“Single-DCI based inter-slot TDM”
 Others:
One missing part for the discussion in 1st round is detailed test parameters, in order to facilitate simulation for future RAN4 meetings, we suggest to discuss detail simulation assumption in 2nd round. 

	MediaTek
	Sub-Topic 1-1: Test scope
· Issue 1-1-3: Necessity of introducing test case(s) for multi-panel/TRP transmission schemes in FR2
· Support Option 1

Sub-Topic 1-2: Generic test set-up
· Issue 1-2-1: Timing offset among multi-panel/TRP (FR1 only)
· Support the recommended WF
· Issue 1-2-2: Frequency offset among multi-panel/TRP (FR1 only)
· Support Option 1
· Issue 1-2-3: TRS/CSI-RS configuration
· Support the recommended WF

Sub-Topic 1-3: Test parameters for Multi-DCI based multi-TRP/Panel transmission schemes (eMBB)
· Issue 1-3-1: Resource allocation
· Support Option 1
· Issue 1-3-2: CRS rate-matching
Support the recommended WF

	Huawei, HiSilicon
	Sub-Topic 1-1: Test Scope
· Issue 1-1-1: Necessity of introducing test case(s)  for single DCI-based multi-panel/TRP transmission schemes (eMBB)  
[bookmark: OLE_LINK34]Agree with the recommended WF.
· Issue 1-1-2: Necessity of introducing test case(s)  for single DCI-based multi-panel/TRP transmission schemes (URLLC)
Scheme 1a SDM is same as single-DCI based multi-TRP transmission as discussed above. If single-DCI based PDSCH requirements is agreed to be introduced, then defining scheme 1a SDM for multi-TRP URLLC is kind of repetition work
Scheme 2a/2b is single-DCI based non-overlapping multi-TRP transmission. From the resource allocation point of view, FDM is the same with multi-DCI based non-overlapping PDSCH. From PDCCH scheduling point of view, single DCI based scheduling is covered single-DCI eMBB case, it is not necessary to additionally define requirements for 2a/2b. the only difference between 2a and 2b is single RV or 2 RV for combining two codewords from the same TB, so 2a/2b has no completely new algorithm for the receiver. 
Scheme 3/4 is like mini-slot or slot based repetition that have already been covered in the current URLLC performance WI discussion. Mini-slot and slot based repetition is not a new feature introduced into NR eMIMO WI. 
RAN4 do not need to define performance requirements for all features listed by RAN1, otherwise there is no need for discussion in RAN4, just follow the feature list and define requirement one by one. 
Furthermore, enhanced QCL state will be verified if single-DCI scheduled PDSCH agrees to be introduced. Thus, there is no need to verify it again with URLLC schemes. 
Therefore, we don’t see any new UE behavior or untested feature in multi-TRP URLLC, so we prefer not to define performance requirements for it.
· Issue 1-1-3: Necessity of introducing test case(s)  for multi-panel/TRP transmission schemes  in FR2
According to the agreed Way forward in the last meeting, there is a FFS on the following issue:
	FFS on define PDSCH with covering scenarios with only 1 Rx beam with and simultaneous reception from multi-TRP/Panel for eMBB



It is not practical scenario with only 1 Rx with simultaneous reception from multi-TRP/Panel. The test feasibility is a very serious issue for 1 Rx with non-simultaneous reception from multi-TRP/Panel, also no new UE behavior will be tested.  
Sub-Topic 1-2: Generic test set-up
· Issue 1-2-1: Timing offset among  multi-panel/TRP (FR1 only)
More evaluation and investigation is needed. 
· Issue 1-2-2: Frequency offset among multi-panel/TRP (FR1 only)
Agree with the recommended WF.
· Issue 1-2-3: TRS/CSI-RS configuration 
Agree with the recommended WF.
Sub-Topic 1-3: Test parameters for Test parameters for Multi-DCI based multi-TRP/Panel transmission schemes (eMBB)
· Issue 1-3-1: Resource allocation 
We support option 1. Cover only non-overlapping in multi-DCI based PDSCH requirements. Full-overlapping can be covered in single-DCI cases, so no duplicated verification. 
· Issue 1-3-2: CRS rate-macthing 
Agree with the recommended WF.
· Issue 1-3-3: PDCCH configuration
Agree with option 1.
· Issue 1-3-4: PDSCH configuration
Need to further discussion the number of antenna configuration. 
Sub-Topic 1-4: Test parameters for Test parameters for Single-DCI based multi-TRP/Panel transmission schemes (eMBB)
· Issue 1-4-1: Resource allocation 
If single-DCI based multi-TRP is agreed to introduced, then we support only full-overlapping for resource allocation.
· Issue 1-4-2: PDSCH configuration
We support option 1.
· Sub-Topic 1-5: Test parameters for Test parameters for Single-DCI based multi-TRP/Panel transmission schemes (URLLC)
As commented on Issue 1-1-2


CRs/TPs comments collection
Major close-to-finalize WIs and Rel-15 maintenance, comments collections can be arranged for TPs and CRs. For Rel-16 on-going Wis, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	Comments collection

	XXX
	Company A

	
	Company B

	
	

	YYY
	Company A

	
	Company B

	
	



Summary for 1st round 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic#x
	Tentative agreements:
Candidate options:
Recommendations for 2nd round:

	Sub-topic#1-1
Test scope
	Issue 1-1-1: Necessity of introducing test case(s)  for single DCI-based multi-panel/TRP transmission schemes (eMBB)  
Status: All the companies agreed to introduce test cases for Single-DCI based SDM scheme.
Tentative agreements:
Introducing PDSCH demodulation requirements  for Single-DCI based SDM scheme (eMBB operation)
Recommendations for 2nd round:
Discussion on the detailed test parameters for simulation purpose.
Issue 1-1-2: Necessity of introducing test case(s) for single DCI-based multi-panel/TRP transmission schemes (URLLC)
Status: 
Companies have different views whether test cases needed or not for Single-DCI transmission schemes including FDM scheme A, scheme B, TDM scheme A, Inter-Slot TDM scheme. 
· 3 companies prefer to introduce test cases, but the detailed schemes still diverse. The main points: these schemes belong to different UE feature and capability, and different transmission schemes have different PDSCH scheduling including TBS, CW, resource allocation, soft combining, TCI states etc., these required specific UE processing.
· 3 companies prefer not to introduce test cases for these schemes, as UE behavior already verified by other agreed test cases, no new UE behavior assumed. And one company proposed to postpone URLLC discussion.  
Tentative agreements:
N.A.
Recommendations for 2nd round:
Further discuss and identify any new behaviour from UE processing aspect which not verified by existing URLLC test cases (URLLC WI) and eMBB operation multi-panel/TRP transmission scheme test cases.  Also test coverage issue considering different UE capability need to be discussed.
Issue 1-1-3: Necessity of introducing test case(s) for multi-panel/TRP transmission schemes in FR2
Status: 
No consensus, based on RAN4 Rel-16 core part assumption and previous agreements: “No PDSCH requirements with serval impendent Rx beam and simultaneous reception from multi-TRP/Panel for eMBB in FR2 “, option 4 conflicted with previous agreements.
Tentative agreements:
Keep it open with  below options:
· Option 1: No 
· Option 2: Do not define FR2 requirements for simultaneous reception from multi-TRP/Panel (eMBB) and Study testability for FR2 single-DCI based multi-TRP schemes 3 and 4 
· Option 3: Introduce PDSCH demodulation requirements with Multi-Panel/TRP transmission schemes (eMBB) in FR2 with single wide Rx beam assumption. 
Recommendations for 2nd round:
Postpone the discussion and decision into future RAN4 meetings.

	Sub-topic 1-2 Generic test set-up
	Issue 1-2-1: Timing offset among multi-panel/TRP (FR1 only)
Status:
Recommend WF seems acceptable for companies , regarding candidate t1 value
{-1,-0.5, 1,2, 3}  us proposed by Samsung to further evaluate.
Tentative agreements:
N.A. 
Recommendations for 2nd round:
Further discuss the reference receiver assumption for multi-TRP time tracking; introducing timing offset which scaled with SCS   , candidate t1 values for further evaluation and simulation purpose: 
· Using {-1, -0.5, 1, 2, 3} us as candidate values for further evaluation. 
· Other values not precluded
Companies’ feedbacks for above proposed values for evaluation are welcome in 2nd round.  
Issue 1-2-2: Frequency offset among multi-panel/TRP (FR1 only)
Status:
Majority of companies prefer option 1. Intel proposes to use 300Hz for FDD 15kHz, 600Hz for TDD 30kHz. 
Tentative agreements:
Keep two options for further evaluation, 
· Option 1: 200Hz for FR1 FDD 15kHz, 300Hz for FR1 TDD 30kHz 
· Option 2: 300Hz for FR1 FDD 15kHz, 600Hz for FR1 TDD 30kHz
Recommendations for 2nd round:
If above recommend tentative agreements acceptable, then no need 2nd round. 
Issue 1-2-3: TRS/CSI-RS configuration 
Status:
Majority companies prefer to configure non-colliding TRS/CSI-RS among transmission points. Some companies prefer to further evaluate the performance under colliding TRS. The recommend WF seems acceptable for everyone. 
Tentative agreements:
Taking non-colliding TRS/CSI-RS in multi-TRP/panel as baseline assumption meanwhile interested companies are encouraged to bring more analysis and evaluation results for non-colliding and colliding cases. 
Recommendations for 2nd round:
Discuss detailed configuration in 2nd round to facilitate simulation purpose.
Issue 1-2-4:  TCI state configuration for FR2 (deferred to 2nd round) 
Status: 
No discussion in 1st round
Tentative agreements:
N.A.
Recommendations for 2nd round:
Postpone the discussion into future RAN4 meeting
Issue 1-2-5: Test applicable rules (deferred to future meetings)
Status: 
No discussion in 1st round 
Tentative agreements:
N.A.
Recommendations for 2nd round:
Postpone the discussion into future RAN4 meeting

	Sub-topic 1-3
Parameter for multi-DCI 
	Issue 1-3-1: Resource allocation 
Status: 
Companies agreed to introduce test case at least for non-overlapping cases. One company proposed to further check whether full-overlapping test cases needed or not. 
Tentative agreements:
RAN4 will introduce test case(s) for Multi-DCI based with non-overlapping. 
FFS whether introduce multi-DCI based fully –overlapping test cases or not. 
Recommendations for 2nd round:
Further discuss the detailed simulation assumption for non-overlapping case. 
Issue 1-3-2: CRS rate-matching 
Status: 
All the companies prefer option 1. 
Tentative agreements:
Do not define performance requirements for multi-DCI based multi-TRP with UE rate-matching around configured CRS pattern. 
Recommendations for 2nd round:
No needed. 
Issue 1-3-3: PDCCH configuration
Status: 
No objection for option 1.
Tentative agreements:
Option 1: K0 = 0, AL = 8
Recommendations for 2nd round:
No needed. 
Issue 1-3-4: PDSCH configuration
Status: 
Companies are fine with proposal except for antenna configuration. 3 companies show preference only focused 2Tx.  
Tentative agreements:
PDSCH configuration for each TRP (Huawei)
· PDSCH resource mapping type: Type A
· Resource allocation type: Type 1
· DM-RS: DM-RS configuration type 1 with single-symbol DM-RS: 1+1
· Antenna configuration: 
· Option1： 2Tx 2Rx，2Tx 4Rx
· Other options not excluded 
· Antenna ports indexes: such as {1000,1001} and {1002,1003}, i.e. different CDM groups for two TRPs
· Starting symbol (S): 2
· Time duration (L): 12
· 

Frequency domain: half of the maximum bandwidth by indicating the start resource block , the allocated resource blocks  
Recommendations for 2nd round:
Further discuss other test parameters
Issue 1-4-3: Number of test cases (Postpone to 2nd round) 
No discussion in 1st round, further discuss in 2nd round. 

	Sub-topic 1-4
Parameter for Single-DCI SDM scheme(eMBB)
	Issue 1-4-1: Resource allocation
Status: 
NO objection for option1. 
Tentative agreements:
Introduce Test case(s) for single-DCI SDM scheme with full-overlapping resource allocation 
Recommendations for 2nd round:
Further discuss the detailed test parameters for simulation assumption. 
Issue 1-4-2: PDSCH configuration for overlapping 
Status: 
NO objection for option1. 
Tentative agreements:
· Layer combination: 1+1 for both 2Rx and 4Rx 
· Number of TCI state: Two TCI states configuration 
Recommendations for 2nd round:
Further discuss the detailed test parameters for simulation assumption. 
Issue 1-4-3: Number of test cases (Postpone to 2nd round) 
No discussion  in 1st round, further discuss in 2nd round 


	Sub-topic 1-5
Parameter for Single-DCI SDM scheme(URLLC)
	Issue 1-5-1: Transmission schemes 
Status: 
NO consensus related to issue 1-1-2
Tentative agreements:
N.A.
Recommendations for 2nd round:
Further discuss combined with issue 1-1-2.

· Proposals
· Option 1: Define performance requirements for single-DCI based URLLC multi-TRP Tx schemes 1a, 2a, 2b for FR1, and 3 and 4 at least for FR1. Further discuss applicability rule between them if UE supports several. (Intel)
· Option 2: RAN4 defines PDSCH demodulation requirements for Single-DCI based FDM Scheme A (2a) (Ericsson)
· Option 3: RAN4 define test case with selection of schemes which differiate with single-DCI test cases with eMBB operation (Samsung)
· Recommended WF
· Related to discussion on issue 1-1-2, suggest to discuss and identify any new behaviour from UE processing aspect for each transmission schemes which not verified by existing URLLC test cases (URLLC WI) and eMBB operation multi-panel/TRP transmission scheme test cases  
Issue 1-5-2: Test Metric 
Status: 
NO consensus related to issue 1-1-2
Tentative agreements:
N.A.
Recommendations for 2nd round:
Further discuss combined with issue 1-1-2.
Candidate options:
-option 1: 70% relative TP
-option2: 1% BLER



Recommendations on WF/LS assignment 
	
	WF/LS t-doc Title 
	Assigned Company,
WF or LS lead

	#1
	WF for general and  PDSCH requirements with Single-DCI SDM scheme and Multi-DCI transmission schemes (eMBB)
	Huawei

	#2
	WF for PDSCH requirements with Single-DCI based multi-TRP/Panel transmission schemes (URLLC)
	Intel

	#3
	Simulation assumption for PDSCH requirements with Single-DCI SDM scheme and Multi-DCI transmission schemes 
	Ericsson




Discussion on 2nd round (if applicable)

Summary on 2nd round (if applicable)
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	CR/TP/LS/WF number
	T-doc  Status update recommandation  

	XXX
	Based on 2nd round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Topic #2: CSI requirements (Rel-16 TypeII codebook)
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2006315
	Samsung
	Proposal 1: Use SU-MIMO test setup to introduce test case under eMIMO WI.
Proposal 2-codebook construction: Introduce PMI test cases with enhanced Type II codebook with below parameters:
· Number of CSI-RS ports: 16 ports with (N1,N2) = (4,2) and (O1, O2)  = (4,4)
· numberOfPMISubbandsPerCQISubband: R =1
· paramCombination-r16: 6, with L =4, pv =1/2, 

Proposal 3-Beam steering: Introduce a generic beam steering model into specification in a future proof manner which the number of beams configurable: 
· 
 beam index
· 
， relative power of the l beam compared to first beam
· 

, total power scaling factor 
Proposal 4-Propagation condition: Introduce test case with MIMO correlation –XP Medium (option2).
Proposal 5-Test metric: It’s feasible to introduce test case with test metric – relative throughput ratio among following PMI and random PMI 
Proposal 6-MCS&Rank: It’s feasible to use MCS20 (64QAM), Rank2 for introducing test cases.

	R4-2006317
	Samsung
	Observation 1: The enhanced type II CSI with”paramCombination-r16=6” could bring significant gain and it is recommended as simulation parameter to achieve the type II CSI’s potential advantage.  
Observation2: The performance gain of enhanced type II is more obviously in XP Medium correlation channel model than in XP high correlation case. In brief, XP medium model is proposed for enhanced type II CSI reporting test. 
Observation 3: Based on our simulation results, 16Tx case is enough to define test set-up.

	R4-2007200
	Huawei, HiSilicon
	Proposal 1: Prefer to use SU-MIMO for test setup 
Proposal 2: Only introduce 16 Tx ports for enhanced Type II codebook test cases
Proposal 3: Use (N1, N2) = (4, 2) and (O1, O2) = (4, 4) for 16 Tx ports
Proposal 4: Consider 8 for FDD with 15kHz SCS, 10MHz CBW and 16 for TDD with 30kHz SCS, 40MHz CBW
Proposal 5: Extend the original beam steering model in TS 36.101 to L>2 beams 
Proposal 6: Prefer not to cover CSI-RS interference from neighboring cells and/or sectors in test case design

	R4-2007936
	Ericsson
	Proposal 1: Use same test setup for eMIMO CSI – PMI testing as proposed in R4-2007934.
Extracted proposals from T-doc R4-2007934
Proposal 2: Design Type II tests to ensure UE CSI reporting with substantially better performance than Type I reporting for MU-MIMO, in line with the big performance benefits shown in RAN1 evaluations.
Proposal 3: If RAN4 agree to use multi-user scheduling for type-II PMI reporting test, RAN4 study further how to derive precoder based on the type-II PMI feedback from UE under test. 
Proposal 4: Test parameters for Type II codebook may need to be tuned to properly suit MU-MIMO based test setup proposed.

	R4-2006627
	Qualcomm Incorporated
	Proposal 7: Define PMI reporting test cases for Enhanced Type II codebook under similar assumptions as that of the test cases for Rel-15 Type II Codebook.
Proposal 8: Use SU-MIMO test setup for defining Enhanced Type II PMI reporting tests.
Proposal 9: Do not extend the beam steering model beyond 2 clusters and reuse the dual cluster beam steering defined in 36.101.
Proposal 10: Define enhanced Type II PMI reporting tests only for 16 or 32 Tx ports.
Proposal 11: Use smaller sub-band size, i.e., 4 for FDD 10MHz and 8 for TDD 40MHz, for defining PMI reporting tests for enhanced Type II codebook.
Proposal 12: Use R = 1 in PMI reporting requirements for enhanced Type II codebook.



Open issues summary
Last RAN4 meeting agreements captured in WF R4-2005530 which also summarized in Annex.
List of open issues:
· Sub-Topic 2-1: Test set-up
· Issue 2-1-1: SU-MIMO VS MU-MIMO Setup 
· Sub-Topic 2-2: Test parameters
· Issue 2-2-1: Number of ports
· Issue 2-2-2: Number of PMI Sub-bands per CQI Sub-band
· Issue 2-2-3: paramCombination-r16
· Issue 2-2-4: Sub-band Size 
· Issue 2-2-5: Beam steering model
· Issue 2-2-6: Channel Model
· Issue 2-2-7: MIMO Correlation
· Issue 2-2-8: MCS and Rank

Sub-Topic 2-1: Test setup 
Issue 2-1-1: SU-MIMO VS MU-MIMO Setup 
· Proposals
· Option 1: SU-MIMO Set-up (Samsung, Intel, Huawei, Qualcomm)
· Option 2: MU-MIMO Set-up (Ericsson)
· Recommended WF
· Using SU-MIMO Set-up to introduce Rel-16 Type II codebook requirements, RAN4 can further discuss and introduce PMI test cases with MU-MIMO Set-up if needed in the future release
Sub-Topic 2-2: Test parameters
Issue 2-2-1: Number of ports
· Proposals
· Option 1: 16 ports with (N1,N2) = (4,2) and (O1,O2)=(4,4) (Samsung, Huawei, Qualcomm)
· Option 2 : 32 ports  with (N1,N2) = (4,4) and (O1,O2)=(4,4) (Ericsson)
· Recommended WF
· Option 1, introduce requirements with 16 ports only
Issue 2-2-2: Number of PMI Sub-bands per CQI Sub-band
· Proposals
· Option 1: R=1 (Qualcomm, Samsung)
· Option 2 : R=2
· Recommended WF
· Option 1, R=1 
Issue 2-2-3: paramCombination-r16
· Proposals
· Option 1: paramCombination-r16: 6, with L =4, pν =1/2, β=1/2 (Samsung)
· Recommended WF
· Keep option 1 as baseline for simulation, other options not excluded; 
Issue 2-2-4: Sub-band Size 
· Proposals
· Option 1: (Qualcomm)
· 4 for FDD with 15kHz SCS, 10MHz CBW
· 8 for TDD with 30kHz SCS, 40MHz CBW
· Option 2: (Huawei)
· 8 for FDD with 15kHz SCS, 10MHz CBW
· 16 for TDD with 30kHz SCS, 40MHz CBW
· Recommended WF
· N.A., discussion and views from other companies needed
Issue 2-2-5: Beam steering model: Take beam steering approach as specified in B.2.3B.4A of TS 36.101 
· Proposals
· Option 1: Extend it to L > 2 beams (Huawei, Ericsson, Samsung)
· Option 2: Use it as it is with L = 2 beams (Qualcomm)
· Recommended WF:
· Only configure two beams (L=2) for  Rel-16 Type II requirements, meanwhile introduce beam steering model into specification with configurable number of beams in a future proof manner (i.e. L can configured as 1, 2 or >2)
Issue 2-2-6: Channel Model
· Proposals
· Option 1: TDLA30-5 
· Recommended WF:
· Lack of simulation results from companies, take option 1 as baseline and other options not excluded; companies are encouraged to bring evaluation results in future RAN4 meetings 
Issue 2-2-7: MIMO Correlation
· Proposals
· Option 1: XP High
· Option 2: XP Medium (Samsung)
· Recommended WF:
· Lack of simulation results from companies, take option 2 as baseline and other options not excluded; companies are encouraged to bring evaluation results in future RAN4 meetings 
Issue 2-2-8: MCS and Rank
· Proposals
· Option 1: MCS 20 (64QAM Table), Rank 2 (Samsung)
· Recommended WF:
· Lack of simulation results from companies, take option 1 as baseline and other options not excluded; companies are encouraged to bring evaluation results in future RAN4 meetings 

Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	XXX
	Issue 2-1-1: SU-MIMO VS MU-MIMO Setup 

Issue 2-2-1: Number of ports

Issue 2-2-2: Number of PMI Sub-bands per CQI Sub-band

Issue 2-2-3: paramCombination-r16

Issue 2-2-4: Sub-band Size 

Issue 2-2-5: Beam steering model

Issue 2-2-6: Channel Model

Issue 2-2-7: MIMO Correlation

Issue 2-2-8: MCS and Rank

Others: 


	Apple
	Issue 2-1-1: SU-MIMO VS MU-MIMO Setup 
We prefer option 1 to introduce requirements with SU-MIMO set-up for enhance Type II codebook.
Issue 2-2-1: Number of ports
We are fine with recommended WF.
Issue 2-2-2: Number of PMI Sub-bands per CQI Sub-band
We are fine with recommended WF.
Issue 2-2-3: paramCombination-r16
We are fine with recommended WF.
Issue 2-2-4: Sub-band Size 
We prefer option 1.
Issue 2-2-5: Beam steering model
We are fine with recommended WF.
Issue 2-2-6: Channel Model
We are fine with recommended WF.
Issue 2-2-7: MIMO Correlation
We prefer to use XP-High as baseline as it more commonly used. 
Issue 2-2-8: MCS and Rank
We are fine with recommended WF.
Others: 


	Rohde & Schwarz
	Issue 2-2-1: Number of ports
We support Option 1(16 ports).
Issue 2-2-5: Beam steering model
We share as similar view as QC and support Option 2.

	ZTE
	Issue 2-1-1: SU-MIMO VS MU-MIMO Setup 
Support MU-MIMO setup
Issue 2-2-1: Number of ports
Either 16 ports or 32 ports is fine for us.
Issue 2-2-2: Number of PMI Sub-bands per CQI Sub-band
R=1 is sufficient 
Issue 2-2-3: paramCombination-r16

Issue 2-2-4: Sub-band Size 
Option 1 seems better


	XXX Ericsson
	Issue 2-1-1: SU-MIMO VS MU-MIMO Setup 
We prefer Option 2 for a number of reasons:
· Type II codebook was designed intended for fundamental MU-MIMO support (see excerpt below from WID RP-182067):
	2 Justification
The Rel-15 NR includes a number of MIMO features that facilitate utilization of a large number of antenna elements at base station for both sub-6GHz and over-6GHz frequency bands. Some of these features are primarily based on Rel-14 LTE while others are introduced due to several newly identified deployment scenarios such as multi-panel arrays, hybrid analog-digital for high frequency bands. In particular, the following MIMO features are included: limited support for multi-TRP/panel operation, flexible CSI acquisition and beam management, Type I (low-resolution) and II (high-resolution) codebooks supporting up to 32 ports, and flexible RS for MIMO transmission (especially CSI-RS, DMRS, and SRS). Equipped with such features, NR MIMO can differentiate itself from LTE MIMO at least in the following aspects. First, Type II codebook can offer substantial (at least 30%) gain in average user throughput over the best of Rel-14 LTE. Second, flexible CSI acquisition and RS design permit scalability for future enhancements. Third, NR MIMO accommodates operation in high frequency bands (>6GHz) via beam management. 
Overall, the Rel-15 MIMO features offer ample foundation for further potential enhancements which can be unlocked in Rel-16 NR. Such enhancements include the following. First, although Type II CSI specified in Rel-15 offers large gain over advanced CSI of Rel-14 LTE, there is still some significant, yet attainable, performance gap from near-ideal CSI especially for multi-user (MU)-MIMO. Second, although Rel-15 NR MIMO provisionally accommodates multi-TRP/panel operation, the supported features are limited to standard-transparent transmission operations and small number of TRPs/panels. Third, although specification support for multi-beam operation has been largely specified in Rel-15 (targeting over-6GHz frequency band operation), some aspects such as beam failure recovery and enabling schemes for DL/UL beam selection are fairly basic and can potentially be improved for increased robustness, lower overhead, and/or lower latency. Fourth, there is a need for enhancement to allow full power transmission in case of uplink transmission with multiple power amplifiers. 

4	Objective
4.1	Objective of SI or Core part WI or Testing part WI
The work item aims to specify the enhancements identified for NR MIMO. The detailed objectives are as follows. 

· Extend specification support in the following areas [RAN1]
· Enhancements on MU-MIMO support:
· Specify overhead reduction, based on Type II CSI feedback, taking into account the tradeoff between performance and overhead 
· Perform study and, if needed, specify extension of Type II CSI feedback to rank >2  



· Type II is clearly intending to target much improved MU-MIMO operation, not SU-MIMO. For SU-MIMO network operation, Type II would not be needed and Type I would be sufficient. A test must hence ensure that Type II provides clear benefits over Type I for the intended MU-MIMO operation, not for an unintended operation like SU-MIMO. It is crucial that Type II reports can be used for efficient fast fading based nullforming towards victim Ues.
· Type II sees large performance benefits over Type I in RAN1 evaluations for MU-MIMO. We have seen negative to marginally positive performance gains for SU-MIMO based simulations comparing Type II with Type I. This has also been observed in simulations from other companies for SU-MIMO throughput comparisons.
· In our simulation papers for Type II codebook we see very large overall MU-MIMO gains for 4 User average throughput over Type I.
· If RAN4 agree to do a proper type-II PMI reporting test that ensures good fast fading based nullforming capability from gNB side, RAN4 study further how to derive precoder based on the type-II PMI feedback from UE under test. Note that such a test can be made simple and only involve a single UE under test by faking transmissions to a ghost UE.
More justifications can be found under PMI testing for Rel-15 Type II in Summary thread 323.
Issue 2-2-1: Number of ports
We prefer 32 ports that is Option 2.
Issue 2-2-2: Number of PMI Sub-bands per CQI Sub-band
We think we can use R=1 as baseline but not preclude R=2 since we have not fully evaluated MU-MIMO configuration yet.
Issue 2-2-3: paramCombination-r16
In our SU-MIMO simulations we have seen most gains from the paramCombination. We haven’t fully evaluated the simulation options for MU-MIMO scenario yet though.
Issue 2-2-4: Sub-band Size 
We think that this will need to be considered carefully evaluated for MU-MIMO based test setup before we agree to subband size.
Issue 2-2-5: Beam steering model

Issue 2-2-6: Channel Model
Since we haven’t tested this out properly with MU-MIMO based scenario we’d like to keep this open for now.
Issue 2-2-7: MIMO Correlation
We prefer option two, medium correlation. In high correlation, the difference between Type I and Type II is smaller, it is better to target the rich scattering channel which is more suitable for MU-MIMO. Issue 2-2-8: MCS and Rank



	Qualcomm
	Issue 2-1-1: Ok with recommended WF.
Issue 2-2-1: Ok with recommended WF.
Issue 2-2-2: Ok with recommended WF.
Issue 2-2-3: Ok with recommended WF.
Issue 2-2-4: eType2 codebook’s focus is on compression and more number of subbands will result into better compression. Therefore, we prefer smaller subband size for these requirements, i.e., Option 1.
Issue 2-2-5: We prefer Option 2. To make our proposal more clear – our concern is two-fold with extending the model:
1.	We don’t need to have same number of clusters in beam steering model as L parameter in codebook because in practice, it is very unlikely that UE will receive the equal power signals from more than 2 independent directions.
2.	In Rel-15, TE vendors had mentioned a limit of 12 taps in channel realization. In case of beam steering, if we use 4 clusters, TE will have to generate 4 independent channel realizations of 12 taps each. So, they can either realize only 3 taps per channel that will be very poor implementation of channel model or they will have to surpass their limitations and that would mean more expensive test box. R&S has similar concern.
Therefore, we suggest to limit beam steering model to 2 clusters even if we use L = 4 as codebook parameter.
Issue 2-2-6: Ok with recommended WF.
Issue 2-2-7: We prefer Option 1 as baseline since XP high is being used in all existing requirements. Also, based on Samsung’s simulation results, XP High correlation shows higher performance improvement for eType2 vs Type2.
Issue 2-2-8: Ok with recommended WF.

	Samsung
	Issue 2-1-1: SU-MIMO Vs MU-MIMO test set-up
We are glad to see  more companies show more interest on this feature.
 First, I would like to clarify no doubt we agree major usage scenario and purpose of introducing Type II codebook was for MU-MIMO scheduling in RAN1 design. 
Secondly, from RAN4 perspective the purpose of introducing UE PMI test cases was to verify UE receiver properly processing and report PMI accurately according RAN1 codebook structure.  No matter what test set-up we agreed in the end, as well as we serve above test purpose well, we can guarantee NW can schedule UE with Type II codebook quite well with MU-MIMO scenarios and or SU-MIMO scenarios. 
Thirdly,  following normal RAN4 performance requirements work procedure, RAN4 target to introduce test cases for certain physical layer features i.e. Type II codebook, the deployment and usage scenarios is upper to NW scheduling.  No matter what test set-up we agreed in the end, there is no restriction on NW scheduling, both MU-MIMO and SU-MIMO scheduling allowed. 
Then go to the detailed options, I have to say probably current wording for the candidate options of test set-up (SU-MIMO set-up and MU-MIMO set-up) quite misleading and scary, probably that’s the source of draw over-attentions from companies   . I would like to suggest to change the wording as :
· Option 1: One tested UE (SU-MIMO test setup) 
· Option 2: One tested UE + a fake co-schedule UE (MU-MIMO test setup) 

Based on our evaluation results, option 1 already serves test purpose quite well.  
As rapporteur for this WI, regarding progress aspect:
The option 1 test set-up is more straightforward and has been widely used and verified the feasibility in past release quite well.
For option 2, till now it’s still not so clear what the detailed test set-up and no evaluation results submitted till now. We encourage proponent companies to provide more detailed information for the test set-up.  The test feasibility of such test set-up also FFS.  
From UE processing aspect, our view there is no UE processing difference among option1 and option2 test set-up. 
Based on reviews the papers, the major concern from companies for option 1 was no much performance difference to show advantage of Type II over than Type I.
As showed in our evaluation results in R4-2002978 （figure 2） and R4-2005317 （figure2） show performance gain Rel-16 Type II > Rel-15 Type II > Rel-15 Type I under option 1test set-up with selected test parameters i.e. XP Medium correlation and Rank 1 transmission.
[image: ]
Figure 2: PMI performance with Type I, Type II and enhanced Type II codebook under XP Medium correlation model (16x2 Rank1 case)

We are open to discuss the detailed test parameters to show the gain of Type II codebook and we are also open to discuss the test metric i.e. Rel-16 Type II /Rel-15 Type II.

	Orange
	Issue 2-1-1: SU-MIMO VS MU-MIMO Setup 
We support option 2 since Type I yields similar performance to type II for SU-MIMO throughput. Therefore, SU-MIMO throughput performance should not be the tested metric. It is very important to ensure the right performance for MU-MIMO with codebook type II, i.e., to ensure that the UE feedback is the closest to the eigenvectors of the MIMO channel.

	Vodafone
	Issue 2-1-1: SU-MIMO VS MU-MIMO Setup 
We support option 2 and echo that described by Ericsson and Orange.

	Nokia, Nokia Shanghai Bell
	Issue 2-1-1: SU-MIMO VS MU-MIMO Setup
We see SU-MIMO and MU-MIMO test setups as not mutually exclusive; both can be considered. However, at this point of the WI timeline is seems prudent to tie down the SU-MIMO test setup first, and MU-MIMO comes after. Even though the MU-MIMO setup is arguably the more important one considering the use case of type II enhanced.
Shifting the focus on possible MU-MIMO test implementation, we are sympathetic towards Samsung’s proposal of “One tested UE + a fake co-schedule UE”.
In our opinion this would be equal to assuming a random PMI feedback for the fake UE, that the TE needs to meaningfully combine the fake PMI with the PMI received by the DUT. However, it seems non-straightforward to decide what “meaningfully combining” should mean for the TE. 
Approaches such as projecting the PMI from the DUT on the null space of the fake PMI to find the “nulling” precoder seem possible, albeit “unwieldly” to specify.
One way for a TE to implement a meaningful MU precoding scheme that highlights the advantages of enhanced type II could be the standard linear algebra way of null space projection:

It remains to be discussed, if the fake UE is also being served at the same time (F_TE fake precoder = F_PMI fake) or not.
This approach would need to be checked by the TE vendors, if it is feasible, and by the vendors, if it reliably tests the MU precoding aspect of enhanced type II.
For now, Nokia would see it feasible to go ahead with the SU-MIMO test setup and evaluate possible MU-MIMO setups (e.g., the projection approach described above) until the next meeting.

	Intel
	Issue 2-1-1: SU-MIMO VS MU-MIMO Setup 
Prefer Option 1. Verification of proper PMI reporting can be done with SU-MIMO scenarios. MU-MIMO scenario leads to much complex test procedure without any benefits of UE processing verification. The main intention of the test not to reflect completely target use case but  verify proper UE processing.
Issue 2-2-6: Channel Model
Agree with recommended WF.
Issue 2-2-7: MIMO Correlation
Agree with recommended WF.
Issue 2-2-8: MCS and Rank
Agree with recommended WF.

	Huawei, HiSilicon
	Issue 2-1-1: SU-MIMO VS MU-MIMO Setup 
From our point of views, it is supposed to verify the UE process under the condition of enhanced Type II codebook PMI reporting for CSI in eMIMO WI, and which will not be quite different whether there is another UE. But configuring MU-MIMO setup will increase the test complexity and many process will be based on different algorithms between companies, which brings difficulty on aligning the results. Therefore, for the evaluation (For UE process of reporting ehhanced Type II codebook) purpose, SU-MIMO test setup is enough. 
For SU-MIMO, companies have made many deep discussions on the related parameter configurations. But for MU-MIMO, there are still many things to discuss or even study, which brings uncertainties. 
As SU-MIMO test setup is able to fulfill the test purpose with many achievement during previous discussions, we would prefer to use SU-MIMO test setup.
Issue 2-2-1: Number of ports
We agree with the recommended WF. 
Issue 2-2-2: Number of PMI Sub-bands per CQI Sub-band
As R = 1 is mandatory by RAN1, we could compromise to option 1. 
Issue 2-2-3: paramCombination-r16
[bookmark: OLE_LINK32]We agree with the recommended WF. 
Issue 2-2-4: Sub-band Size 
We think we can reuse the subband size for previous test cases, which is 8 for FDD with 15kHz SCS, 10MHz CBW and 16 for TDD with 30kHz SCS, 40MHz, CBW. 
Issue 2-2-5: Beam steering model
We agree with the recommended WF.
Issue 2-2-6: Channel Model
We agree with the recommended WF.
Issue 2-2-7: MIMO Correlation
We support option 1. We can further decide this when more simulation results are brought into the future meeting, but we could not agree to use option 2 as baseline. 
Issue 2-2-8: MCS and Rank
We agree with the recommended WF.

	T-Mobile USA
	Issue 2-1-1: SU-MIMO VS MU-MIMO Setup 
We support Option 2: MU-MIMO

	AT&T
	Issue 2-1-1: SU-MIMO VS MU-MIMO Setup 
We also support Option 2: MU-MIMO


CRs/TPs comments collection
Major close to finalize WIs and Rel-15 maintenance, comments collections can be arranged for TPs and CRs. For Rel-16 on-going Wis, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	Comments collection

	XXX
	Company A

	
	Company B

	
	

	YYY
	Company A

	
	Company B

	
	



Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Sub-topic#1
	Tentative agreements:
Candidate options:
Recommendations for 2nd round:

	Sub-Topic 2-1:Test set-up
	Issue 2-1-1: SU-MIMO VS MU-MIMO Setup 
Status:
Seems this is most controversial topic in this email thread as polarized views from two camps. 
· chipset vendors/UE vendors prefer option1, 
· Operators and some infra-venders prefer option2 
For option 2, test details and baseline UE processing assumption should be further discussed.
Tentative agreements:
N.A.
Recommendation for 2nd round:
Further discuss below two options:
· Option 1: one tested UE (SU-MIMO Test set-up)
· Option 2: one tested UE + an artificial co-schedule UE (TE generated) (MU-MIMO test set-up)
In order to facilitate the discussion, proponent companies for option 2 are encouraged to give more information for detailed test set-up for option 2. 
We also need to further discuss what’s the UE processing assumption with option 2 test set-up.


	Sub-Topic
2-2: Test parameters
	Regarding detailed test parameters, current lack of evaluation results from companies; it’s hard to make decision without enough evaluation results. In general, we can list the candidate options based on companies’ input, and encourage companies to bring evaluation results in the future RAN4 meeting to verify which option more proper.
Issue 2-2-1: Number of ports
Status: 
Majority companies prefer option1, one single company prefer option 2. Recommend to take option 1 as baseline.
Tentative agreements:
Option 1: 16 ports with (N1,N2) = (4,2) and (O1,O2)=(4,4) (Baseline)
Option 2 : 32 ports  with (N1,N2) = (4,4) and (O1,O2)=(4,4) 
Issue 2-2-2: Number of PMI Sub-bands per CQI Sub-band
Status: 
Option 1 seems acceptable, one company want to open these options for further evaluation.
Tentative agreements:
· Option 1: R=1 (Baseline)
· Option 2 : R=2
Issue 2-2-3: paramCombination-r16
Status: 
Recommendation WF seems acceptable for companies.
Tentative agreements:
· Option 1: paramCombination-r16: 6, with L =4, pν =1/2, β=1/2 (Baseline)
· Other option not excluded
Issue 2-2-4: Sub-band Size 
Status: 
Different companies have different views.
Tentative agreements:
Keep below two options for further discussion:
· Option 1: 
· 4 for FDD with 15kHz SCS, 10MHz CBW
· 8 for TDD with 30kHz SCS, 40MHz CBW
· Option 2: 
· 8 for FDD with 15kHz SCS, 10MHz CBW
· 16 for TDD with 30kHz SCS, 40MHz CBW
Issue 2-2-5: Beam steering model: Take beam steering approach as specified in B.2.3B.4A of TS 36.101 
Status: 
Different companies have different views. 
Tentative agreements:
For Rel-16 Type II test case, only configure two beams; FFS for how to generate beam steering model into specification
Issue 2-2-6: Channel Model
Tentative agreements:
· Option 1: TDL-A 30
· Other options not excluded 
Issue 2-2-7: MIMO Correlation
Tentative agreements: Keep two options open for further evaluation 
· Option 1: XP High
· Option 2: XP Medium
Issue 2-2-8: MCS and Rank
Tentative agreements: Keep two options open for further evaluation 
· Option 1: MCS 20 (64QAM Table), Rank 2
· Other options not excluded 
 



Suggestion on WF/LS assignment 
	
	WF/LS t-doc Title 
	Assigned Company,
WF or LS lead

	#1
	WF for PMI test case with Rel-16 Type II codebook
(Simulation assumption can be included in the WF, especially for test set-up option 2)
	Qualcomm 




CRs/TPs
Moderator tries to summarize discussion status for 1st round and provided recommendation on CRs/TPs Status update suggestion 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round (if applicable)

	Company
	Comments

	XXX
	Sub topic 1-1: 
Sub topic 1-2
….





Summary on 2nd round (if applicable)
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	XXX
	Based on 2nd round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Annex
Agreements for PDSCH requirements in last RAN4 meeting: 
	Test scope:
· FFS to define PDSCH requirement scheduled by single-DCI based multi-TRP/Panel transmission for eMBB
· Applicability rule 
· FFS on test applicability rule between single-DCI and multi-DCI based multi-TRP/Panel transmission for conducting the tests based on UE capability
General Test set-up
· Test scenario 
· FR1:  Define PDSCH requirement with cover scenarios with simultaneous reception from multi-TRP/Panel for eMBB
· FR2:  
· No PDSCH requirements with serval impendent Rx beam and simultaneous reception from multi-TRP/Panel for eMBB in FR2
· FFS on define PDSCH with covering scenarios with only 1 Rx beam with and simultaneous reception from multi-TRP/Panel for eMBB
· SCS and CBW
· FR1
· FDD SCS =15KHz, 10 MHz
· TDD SCS =30KHz, 40 MHZ
· FFS for FR2
· TDD SCS =120KHz, 100 MHz
· TCI state configuration and QCI-info for FR1
	TCI index
	Information
	FR1

	TCI state #0
	Type 1 QCL information 
	SSB index
	SSB #0

	
	
	QCL Type
	Type C

	
	Type 2 QCL information
	SSB index
	N/A

	
	
	QCL Type
	N/A

	TCI state #1
	Type 1 QCL information 
	CSI-RS resource
	CSI-RS resource 1 from ‘CSI-RS for tracking’ configuration

	
	
	QCL Type
	Type A

	
	Type 2 QCL information
	CSI-RS resource
	N/A

	
	
	QCL Type
	N/A

	TCI state #2
	Type 1 QCL information 
	CSI-RS resource
	CSI-RS resource 2 from ‘CSI-RS for tracking’ configuration

	
	
	QCL Type
	Type A

	
	Type 2 QCL information
	CSI-RS resource
	N/A

	
	
	QCL Type
	N/A



· Assumption for UE receiver implementation
· The test case design should be ensure receiver implementation agnostic with assumption of single FFT operation
· Set BS antenna correlation between two TRPs as 0
· Separate decoding of each PDSCH scheduled by multi-DCI 
· FFS on consider the scenario with TRS/CSI-RS collide between
· Timing offset configuration 
· Define with timing offset between two TRPs, the timing offset setting should be ensured that all paths from TRPs are within CP 
· FFS on Set timing offset by scaled with SCS 
· Frequency offset configuration 
· FFS on set frequency offset by scaled with SCS
· Study suitable frequency offset configuration with considering [0.1]ppm frequency error. The following values can be used a starting point
· FR1
· FDD (15KHz SCS) :  
· Option 1: 200 Hz
· Option 2: 300Hz
· Other options are not precluded
· TDD (30KHz SCS):  
· Option 1 :300 Hz
· Option 2: 600 Hz
· Other options are not precluded
· FFS on FR2
· TDD (120KHz SCS): (0~600 Hz)
· Other options are not precluded
· TDD pattern
· FR1 
· TDD (30KHz SCS): 7DS2U
· FFS for FR2
· Number of HARQ process
· FR1
· FDD (15KHz SCS):  4
· TDD (30KHz SCS)
· Option 1:  The total number of HARQ process should be limited and not larger then 16 
· TDD (30KHz SCS) 7DS2U : 8; 8+8=16
· Other options are not precluded
· FFS for FR2
Test Set-up for Multi-DCI based
· HARQ-ACK 
· Both separate and joint HARQ-ACK feedback can be used in the test setup based on UE capability 
· PDCCH scheduling
· Configure 2 CORSET pool index for multi-DCI on multi-TRP
· Two CORSET pool index with 0 and 1, each TRP PDCCH with symbol #0 and symbol #1 in time domain and FDMed half bandwidth
· Configure different scrambling sequences for PDSCH scheduled by Multi-DCI
· UE rate-matching behavior 
· FFS on define PDSCH requirement for UE rate-matching around a configured CRS pattern
· Whether to define PDSCH requirements for other scheduling schemes
· Option 1: at least partial overlapping
· Option 1a: Both partial overlapping and full-overlapping 
· Option 2: only non-overlapping 
· Option 3: Non-overlapping and full-overlapping if no requirements for single-DCI based multi-TRP will be introduced, Otherwise only non-overlapping 
· Option 4: Non-overlapping and partial overlapping if overlapping requirements for single-DCI based on multi-TRP will be introduced, Otherwise both partial and full-overlapping 
Test configuration for non-overlapping case
· Layer combination 
· 2 Rx UE
· 2+2
· 4 RX UE
· 2+2 
· PDCCH configuration
· Option 1:
· CORESETPoolIndex =0, 1, each with one COREST configured for each PDCCH
· Symbols for PDCCH：0,1
· Number of PRB,  Half of the channel bandwidth with contiguous RB allocation and non-interleaved CCE-to-REG mapping
· K0=0
· AL=8
· Other options not precluded
· PDSCH configuration
· Option 1
· PDSCH resource mapping type: Type A
· Resource allocation type: Type 1
· DM-RS: DM-RS configuration type 1 with single-symbol DM-RS: 1+1
· Antenna ports index: such as {1000,1001} and {1002,1003}, i.e. different CDM groups for two TRPs
· Starting symbol (S): 2
· Time duration (L): 12
· Frequency domain: half of the maximum bandwidth by indicating the start resource block           , the allocated resource blocks
· Other options not preclude
· PDSCH configuration
· Option 1
· Layer combination: 2+2
· Number of HARQ process
· FR1 FDD (15KHz SCS): 4
· FR1 TDD (30KHz SCS): 7DS2U with 8, as per the current configuration, 8+8=16 HARQ process
· Timing offset and frequency offset
· 2 us for 15KHz SCS, 1 us for 30KHz SCS
· 200Hz for 15KHz SCS, 400Hz for 30KHz SCS
· Other options not preclude
Test configuration for single DCI based 
· Resource allocation 
· full-overlapping 
· Layer combination 
· 2 Rx UE
· 1+1 
· 4 RX UE
· 1+1 
· Number of TCI state
· Two TCI states configuration 
Test cases for URLLC
· FFS on defined PDSCH requirement for single-DCI based URLLC (reliable) multi-TRP/Panel transmission schemes
· FFS on test metric for requirement definition
· Option 1: 70% @max achievable throughput
· Option 2: 1% BLER
· FFS on test scenario for URLLC 
· Option 1:
· For FR1: consider simultaneous and non-simultaneous reception from multi-TRP/Panel
· For FR2: consider non-simultaneous reception from multi-TRP/Panel with single Rx beam at transmission occasion 
· Other options are not precluded:
· URLLC transmission schemes 
· Option 1: 1a; FFS scheme 2a, 2b; Deprioritize scheme 3,4
· Option 2: 1a, 2a, 2b, 3, 4
· Option 3: 2a, 3, 4
· Other options are not precluded
· Applicability rule 
· FFS on applicability rule between URLLC transmission schemes
· FFS on applicability rule between eMBB and URLLC transmission schemes



Agreements for PMI test cases in last RAN4 meeting:
	· Test setup:
· Option 1: Use SU-MIMO test setup as baseline scenario
· Option 2: MU-MIMO test setup
· Option 2a: if needed, discuss under TEI-15
Detalied test set-up for SU-MIMO
· Number of CSI-RS ports 
· Option 1: 16 ports with (N1,N2) = (4,2) and (O1,O2)=(4,4)
· Option 2 : 32 ports with (N1,N2) = (4,4) and (O1,O2)=(4,4)
· Number of PMI Sub-bands per CQI Sub-band 
· Option 1: R = 1
· Option 2: R = 2
· Codebook parameter configuration
· Option 1: paramCombination-r16: 6, with L =4, pν =1/2, β=1/2 as baseline
· Other options not precluded
· Define requirements only for sub-band PMI reporting (SU-MIMO_
· Sub-band Size 
· Option 1:
· 4 for FDD with 15kHz SCS, 10MHz CBW
· 8 for TDD with 30kHz SCS, 40MHz CBW
· Option 2: FFS
· Take beam steering approach as specified in B.2.3B.4A of TS 36.101 and
· Option 1: Extend it to L > 2 beams
· Option 2: Use it as it is with L = 2 beams.
· Channel Model
· TDLA30-5 as baseline
· Other options not precluded
· MIMO Correlation
· Option 1: XP High
· Option 2: XP Medium
· Down-select to one option based on simulation results in the next meeting
· MCS and Rank 
· MCS 20 (64QAM Table), Rank 2 as baseline
· Other options not precluded
· For initial simulations:
· Use the parameters listed in previous slides.
· The remaining parameters will be same as for Rel-15 Type II codebook simulation assumptions in R4-2005550
Test metric
· Test Metric for SU-MIMO
· Relative Throughput ratio between following PMI and random PMI
· Test Metric for MU-MIMO
· Option 1: Relative Throughput ratio between following PMI for Rel-16 enhanced Type II and Rel-15 Type II codebook for MU-MIMO based test setup
· Other options not precluded
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FR2 Scheduling scheme scenario A (single wide Rx beam)
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