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Rel-15 UE demodulation and CSI requirements
Related CRs
1) General
R4-1913417	CR to TS 38.101-4: Corrections for applicability rules (R15)
					38.101-4	  CR-0009  rev  Cat: F (Rel-15) v15.3.0
					Source: Intel Corporation
Abstract: 

Discussion: 
QC: discuss the language offline: The test coverage can be considered fulfilled without executing of Test 1-1 in Clauses 5.2.2.1.4 and 5.2.3.1.4.
The other part is agreeable.
Recommendation: 		The document was return to.


R4-1915089	Draft CR for TS38.101-4: Angle of arrival for radiated UE demodulation testing
					38.101-4	  CR-0023  rev  Cat: F (Rel-15) v15.3.0
					Source: Qualcomm Incorporated
Abstract: 

Discussion: 

Recommendation: 		The document was return to.


2) PDSCH
R4-1913418	CR to TS 38.101-4: Editorial corrections for PDSCH RMC (R15)
					38.101-4	  CR-0010  rev  Cat: F (Rel-15) v15.3.0
					Source: Intel Corporation
Abstract: 

Discussion: 

Recommendation: 		The document was agreed.


R4-1913489	CR on corrections for FR1 PDSCH demodulation performance tests
					38.101-4	  CR-0015  rev  Cat: F (Rel-15) v15.3.0
					Source: Qualcomm Incorporated
Abstract: 

Discussion: 

Recommendation: 		The document was revised in R4-1915470.


R4-1913490	CR on corrections for FR2 PDSCH demodulation performance tests
					38.101-4	  CR-0016  rev  Cat: F (Rel-15) v15.3.0
					Source: Qualcomm Incorporated
Abstract: 

Discussion: 

Recommendation: 		The document was revised in R4-1915471.


R4-1915127	CR on demodulation performance requirements for EN-DC including FR1 and FR2 CCs
					38.101-4	  CR-0024  rev  Cat: F (Rel-15) v15.3.0
					Source: Huawei, HiSilicon
Abstract: 
Resubmission of endorsed draftCR R4-1912753
Discussion: 

Recommendation: 		The document was agreed.


R4-1915293	CR: Updates to NR RMC for UE performance requirements
					38.101-4	  CR-0029  rev  Cat: F (Rel-15) v15.3.0
					Source: Huawei, HiSilicon
Abstract: 
Resubmission of endorsed draftCR R4-1912831
Discussion: 

Recommendation: 		The document was agreed.


R4-1915294	CR: Updates to NR EN-DC SDR tests
					38.101-4	  CR-0030  rev  Cat: F (Rel-15) v15.3.0
					Source: Huawei, HiSilicon
Abstract: 
Resubmission of endorsed draftCR R4-1912751
Discussion: 
Remove 9.4B.1.2 and 9.4B.1.3 from the CR, to avoid confusion for the MCC.
Recommendation: 		The document was revised.



3) Control channel
R4-1914370	Editorial change on reference PDCCH payload size
					38.101-4	  CR-0019  rev  Cat: F (Rel-15) v15.3.0
					Source: Ericsson
Abstract: 
In this CR we resubmit an endorsed CR from #92bis for approval
Discussion: 

Recommendation: 		The document was agreed.


R4-1914371	Editorial change on reference PDCCH payload size
					38.101-4	  CR-0020  rev  Cat: A (Rel-16) v15.3.0
					Source: Ericsson
Abstract: 
In this CR we resubmit an endorsed CR from #92bis for approval
Discussion: 

Recommendation: 		The document was withdrawn.


R4-1915128	CR: Correction on NR PDCCH demodulation performance requirements
					38.101-4	  CR-0025  rev  Cat: F (Rel-15) v15.3.0
					Source: Huawei, HiSilicon
Abstract: 
Resubmission of endorsed draftCR R4-1912504
Discussion: 

Recommendation: 		The document was agreed.



4) CSI reporting
R4-1913491	CR on corrections for FR1 CSI Reporting performance tests
					38.101-4	  CR-0017  rev  Cat: F (Rel-15) v15.3.0
					Source: Qualcomm Incorporated
Abstract: 

Discussion: 
E///: Correct the coversheet following MCC guidance. Increase the number in “rev” in the coversheet.
Technical content is agreeable.
Recommendation: 		The document was revised in R4-1915472.


R4-1913492	CR on corrections for FR2 CSI Reporting performance tests
					38.101-4	  CR-0018  rev  Cat: F (Rel-15) v15.3.0
					Source: Qualcomm Incorporated
Abstract: 

Discussion: 
Technical content is agreeable.
Recommendation: 		The document was revised in R4-1915473.


R4-1914372	Editorial CR to correct PMI test cases
					38.101-4	  CR-0021  rev  Cat: F (Rel-15) v15.3.0
					Source: Ericsson
Abstract: 
In this CR we provide editorial corrections to Rel-15 PMI tests
Discussion: 
In Table 6.3.2.2.1-1 and Table 6.3.2.2.2-1, some text are in bold. Need to be corrected.
Recommendation: 		The document was revised.


R4-1914373	Editorial CR to correct PMI test cases
					38.101-4	  CR-0022  rev  Cat: A (Rel-16) v15.3.0
					Source: Ericsson
Abstract: 
In this CR we provide editorial corrections to Rel-15 PMI tests
Discussion: 

Recommendation: 		The document was withdrawn.


R4-1915129	CR on CSI reporting requirements for EN-DC including FR1 and FR2 CCs
					38.101-4	  CR-0026  rev  Cat: F (Rel-15) v15.3.0
					Source: Huawei, HiSilicon
Abstract: 
Resubmission of endorsed draftCR R4-1912754
Discussion: 

Recommendation: 		The document was agreed.



5) Channel model
R4-1913488	CR on corrections for MIMO Correlation Matrices
					38.101-4	  CR-0014  rev  Cat: F (Rel-15) v15.3.0
					Source: Qualcomm Incorporated
Abstract: 

Discussion: 
Technical content is agreeable.
Recommendation: 		The document was revised in R4-1915469.



6) Requirements for NE-DC, NGEN-DC, NR-NR DC
R4-1913419	CR to TS 38.101-4: Introduction of NE-DC and NR-DC SDR requirements (R15)
					38.101-4	  CR-0011  rev  Cat: B (Rel-15) v15.3.0
					Source: Intel Corporation
Abstract: 

Discussion: 

Recommendation: 		The document was agreed.


R4-1915130	CR on NE-DC and NGEN-DC performance requirements
					38.101-4	  CR-0027  rev  Cat: B (Rel-15) v15.3.0
					Source: Huawei, HiSilicon
Abstract: 
Resubmission of endorsed draftCR R4-1912806
Discussion: 
QC: UE may support EN-DC but not support NGEN-DC.
-	For UEs supporting NGEN-DC, the test coverage of CSI reporting requirements can be considered fulfilled, if the CSI reporting requirements of EN-DC in Section 610 are executed for UE under test.
Huawei: so far, no such kind of UEs. There is no band combination supporting NGEN-DC but not supporting EN-DC. You suggested change is Ok.
Intel: For normal demodulation requirements, add the applicability rule for NGEN-DC in 9.1.1.
Other parts are agreeable.
Recommendation: 		The document was revised.


R4-1915131	CR on NR-DC performance requirements
					38.101-4	  CR-0028  rev  Cat: B (Rel-15) v15.3.0
					Source: Huawei, HiSilicon
Abstract: 
Resubmission of endorsed draftCR R4-1912748
Discussion: 
QC: Change “thet” to “the” 
R&S: FR1 Test 1-1 is 2x2 test, need to use 1x2 test. 
Huawei: check offline. 
Intel: no strong view
QC: no strong view. If use 1x2, refer to the SDR test.
Huawei: for SDR, high SNR is needed.
QC: follow the antenna configuration in SDR test, FFS on the MCS.
Intel: For LTE setup in EN-DC test, no specific MCS is defined.
Huawei: acceptable to change to 1x2.
Recommendation: 		The document was revised.



Rel-16 UE demodulation and CSI requirements
General
1) Contributions list and summary of proposals
	Tdoc
	Title
	Source
	Proposal

	R4-1913185
	CR work split for NR performance requirement enhancement WI
	China Telecom
	CR work split

	R4-1913186
	On CA CQI requirements in Rel-16
	China Telecom
	Proposal 1: Describe in the WID that CA CQI requirements will be defined under AWGN condition.

	R4-1914349
	Release independent UE demodulation and CSI reporting requirement for Rel-16
	Ericsson
	Observation: The following UE demodulation and CSI reporting requirements are the candidate of release independent features from Release 15:
· UE demodulation and CSI reporting test for NR CA
· PMI reporting test with Tx ports more than 8
· LTE-NR co-existence scenario
· High speed train
Proposal: RAN4 discuss what NR UE demodulation and CSI reporting requirements are release independent from Release 15 onward. 



2) Discussion
Open issues:
· CR work split for UE part (R4-1913185)
	
	CR Responsibility

	UE demodulation and CSI (38.101-4/307)
	CA normal demodulation for NR CA, EN-DC, NE-DC, NR-DC
	FR1
	Applicability
	Intel

	
	
	
	2Rx requirements
	CMCC 

	
	
	
	4Rx requirements
	Huawei

	
	
	
	FRC
	Intel

	
	
	FR2
	Applicability
	Intel

	
	
	
	2Rx requirements
	Qualcomm

	
	
	
	FRC
	Intel

	
	CA CQI for NR CA, EN-DC, NE-DC, NR-DC
	To be added later

	
	Tx ports larger than 8 and up to 32
	Applicability
	Huawei

	
	
	Requirements for type I single-panel codebook
	Ericsson

	
	
	Requirements for type II codebook
	Samsung

	
	
	FRC
	Samsung

	
	TDD LTE-NR co-existence
	Applicability and requirements
	Intel

	
	
	FRC
	Intel

	
	CA power imbalance
	To be added later

	
	Release independence
	China Telecom



· On CA CQI requirements
· Describe in the WID that CA CQI requirements will be defined under AWGN condition. (China Telecom)
· Release independent aspect
· RAN4 discuss what NR UE demodulation and CSI reporting requirements are release independent from Release 15 onward. (Ericsson)
· UE demodulation and CSI reporting test for NR CA
· PMI reporting test with Tx ports more than 8
· LTE-NR co-existence scenario
Samsung: release independent is usually for RF requirements.
CMCC: this WI mainly focus on the Rel-15 leftovers. LTE HST RRM/demod requirements are also release independent from an earlier release.

Discussion:
E///: two separate CRs for type I FRC and type II FRC.
Samsung provide FRC CR for type II; E/// provide FRC CR for type I

Agreement:
· CR work split in R4-1913185 will be revised:
· E/// provide FRC CR for type I; Samsung provide FRC CR for type II
· Release independent aspect
· RAN4 to discuss what NR UE demodulation and CSI reporting requirements are release independent from Release 15 onward. 
· UE demodulation and CSI reporting test for NR CA
· PMI reporting test with Tx ports more than 8
· LTE-NR co-existence scenario
DCM want to check.
PDSCH CA requirements
1) Contributions list and summary of proposals
	Tdoc
	Title
	Source
	Proposal

	R4-1913183
	On NR CA PDSCH normal demodulation requirements
	China Telecom
	Single carrier SCS
Proposal 1: For single carrier SCS, cover FR1 TDD 15kHz. Use TDD UL-DL pattern of 3D1S1U with S=10:2:2 for FR1 TDD 15kHz.
Rank and MCS for FR2
Proposal 2: For FR2, use rank 2 and MCS 10 or MCS 11. 
PUCCH capacity
Proposal 3: To carry ACK/NACK feedback, use PUCCH format 1 for no more than 2 DL CCs, and use PUCCH format 3 for more than 2 DL CCs.
Observation 1: PUCCH capacity issue is not observed based on proposal 3.
HARQ process number for TDD-FDD CA and TDD-TDD CA with different SCSs
Proposal 4-1: For FDD 15 kHz + TDD 30 kHz CA and TDD 15 kHz + TDD 30 kHz CA, the HARQ process number for Pcell is same with that for single carrier test.
Proposal 4-2: In FDD 15 kHz Pcell + TDD 30 kHz Scell CA, the HARQ process number for TDD Scell is 8.
Proposal 4-3: In FDD 15 kHz Scell + TDD 30 kHz Pcell CA, the HARQ process number for FDD Scell is 8.
Proposal 4-4: In TDD 15 kHz Pcell + TDD 30 kHz Scell CA, the HARQ process number for 30kHz Scell is 11.
Proposal 4-5: In TDD 15 kHz Scell + TDD 30 kHz Pcell CA, the HARQ process number for 15kHz Scell is 8.
Proposal 4-6: Summary of proposed HARQ process number for NR FDD 15 kHz + TDD 30 kHz CA, and TDD 15 kHz + TDD 30 kHz CA.
Table 4: Summary of proposed HARQ process number for NR CA
	NR CA
	HARQ process number

	FDD 15 kHz + 
TDD 30 kHz CA
	FDD Pcell
	4 for FDD CC; 8 for TDD CC

	
	TDD Pcell
	8 for TDD CC; 8 for FDD CC

	TDD 15 kHz + 
TDD 30 kHz CA
	15kHz SCS PCell
	8 for 15 kHz CC; 11 for 30 kHz CC

	
	30kHz SCS PCell
	8 for 30 kHz CC; 8 for 15 kHz CC



Single carrier performance for TDD-FDD CA and TDD-TDD CA with different SCSs
Observation 2: The link-level performance difference at 70% throughput is negligible for round-trip time of 10 slots and 20 slots.
Proposal 5: Apply the same single carrier requirement for Pcell and Scell in CA with the same duplex mode and SCS, CA with different duplex modes, CA with the same duplex mode and different SCSs.
Test applicability
Proposal 6: Test all the supported CA duplex mode.
Proposal 7: Discuss whether to conduct test for both FDD PCell and TDD Pcell for FDD 15 kHz + TDD 30 kHz CA, and whether to conduct test for both 15 kHz PCell and 30 kHz Pcell for TDD 15 kHz + TDD 30 kHz CA.
Observation 3: For inter-band CA with different numbers of bands, the largest aggregated channel bandwidth can be different.
Proposal 8: Reuse the LTE approach for CA capability categorization, i.e., define different capabilities for intra-band contiguous CA, intra-band non-contiguous CA and inter-band CA with different numbers of bands.
Proposal 9: Test all the supported CA capabilities.
Proposal 10: If only up to rank 2 and up to MCS 13 are used in the test, select any one of the supported CA configurations in each CA capability with largest aggregated CA bandwidth combination.

	R4-1913420
	Discussion on NR CA UE demodulation requirements
	Intel Corporation
	Proposal 1:	Define requirements for FR1 TDD with 15 kHz SCS and test this configuration for FDD-TDD inter-band CA scenario in case UE does not support different SCS on different CCs.
Proposal 2:	Use Rank 1 MCS13 for FR2 NR Normal CA requirements.
Proposal 3:	Align categorizing of CA capabilities for NR Normal CA requirements with RF specifications
Proposal 4:	Consider the following CA capabilities for NR Normal CA testing: Intra-band contiguous CA, Intra-band non-contiguous CA and Inter-band CA with the largest number of bands
Proposal 5:	Use the following approach for selection of CA configuration for NR FR1 Normal CA testing:
· Step 1: Select CA configurations with maximum number of CCs, on which UE capability field supportedSubCarrierSpacingDL is equal to SCSreq, among all supported CA configurations
· Step 2: Select CA configurations with maximum number of CCs, on which UE capability field maxNumberMIMO-LayersPDSCH is higher or equal to νLayersreq, among all the selected CA configurations from Step 1
· Step 3: Select any one of CA configurations, which contain CBW combination with the largest data rate not exceeding DataRatereq, among all the selected CA configurations from Step 2.
Proposal 6:	Use the following approach for selection of CA configuration for NR FR2 Normal CA testing:
· Step 1: Select CA configurations, which contain CBW combinations with SNRTEmax higher or equal to SNRreq, among all supported CA configurations
· Step 2: Select CA configurations with maximum number of CCs, on which UE capability field supportedSubCarrierSpacingDL is equal to SCSreq, among all the selected CA configurations from Step 1
· Step 3: Select CA configurations with maximum number of CCs, on which UE capability field maxNumberMIMO-LayersPDSCH is higher or equal to νLayersreq, among all the selected CA configurations from Step 2
· Step 4: Select any one of CA configurations, which contain CBW combination with the largest data rate not exceeding DataRatereq and aggregated bandwidth with SNRTEmax higher or equal to SNRreq, among all the selected CA configurations from Step 3.

	R4-1913421
	Simulation results for NR FR1 Normal CA requirements
	Intel Corporation
	Simulation results

	R4-1913422
	Summary of Normal CA simulation results (NR FR1 FDD)
	Intel Corporation
	Summary of simulation results

	R4-1913423
	Summary of Normal CA simulation results (NR FR1 TDD)
	Intel Corporation
	Summary of simulation results

	R4-1913424
	CR to TS 38.101-4: FRC for FR1 Normal CA requirements (R16)
	Intel Corporation
	CR

	R4-1913496
	Views on NR CA PDSCH Demodulation Performance Tests
	Qualcomm Incorporated
	Proposal 1: For FDD+TDD or TDD+FDD CA scenarios, PCell will follow same HARQ timelines as single carrier test cases.
Proposal 2: Single carrier requirements from FDD+FDD and TDD+TDD CA scenarios can be reused for PCell in FDD+TDD and TDD+FDD CA.
Observation 1: For FDD+TDD or TDD+FDD CA scenarios, SCell cannot follow same HARQ timelines as single carrier test cases.
Proposal 3: Further discuss whether single carrier requirements from FDD+FDD and TDD+TDD CA scenarios can be reused for SCell in FDD+TDD and TDD+FDD CA.
Observation 2: The table of SNR limitations for FR2 in WF [1] is pessimistic compared to the SNR calculator spreadsheet in 38.810.
Observation 3: Commercial test equipment can achieve 1% EVM for 28GHz and 39GHz carrier frequency. We can have at least 40dB DL SNR with current test equipment capability.
Observation 4: EVM and phase noise in the test equipment are not the bottleneck for FR2 DL testing, and hence only the link budget shall be the focus from the testability point of view.
Proposal 4: Use MCS 13, Rank 2 for defining FR2 CA normal demodulation requirements.
Proposal 5: If testable SNR is lower than the requirement SNR for FR2 CA, that test case will be skipped.

	R4-1913573
	Views on normal PDSCH demodulation test for CA
	NTT DOCOMO, INC.
	Proposal 1: The number of HARQ process for TDD-FDD CA with FDD PCell should be same as the values, which was agreed at RAN4#92, i.e., 4 for FDD and 8 for TDD.
Proposal 2: Applicability of the CA test is designed using following alternatives.
· Alt. 1: Maximum number of CCs
· Alt. 2: Maximum number of bands
· Alt. 3: Maximum aggregated channel bandwidth

	R4-1913683
	Discussion on test applicability for NR CA PDSCH normal demodulation
	CMCC
	Proposal 1: It is proposed to specify FR1 TDD 15KHz for CA normal demodulation requirements in Rel-16
· All configurable channel bandwidths for TDD 15 kHz will be considered
· TDD 15 kHz is only tested in inter-band CA scenario with different SCSs on different CCs: FR1 TDD 15 kHz SCS and TDD 30 kHz SCS
Proposal 2: It is proposed to align the categorizing of CA capabilities with RF core specification in TS 38.101.
Proposal 3: Test all the different CA capabilities.
Proposal 4: Test all the supported CA duplex mode.
Proposal 5: Test any one of the supported CA configurations in each CA capability for each duplex mode among supported CA configurations.
Proposal 6: Test the largest aggregated CA bandwidth combination for selected CA configuration.

	R4-1914347
	Simulation results of NR PDSCH demodulation requirements with CA
	Ericsson
	Proposal: RAN4 will choose MCS and Rank for FR2 CA scenario from the following options:
Option 1: MCS13 with rank 1
Option 2: MCS10 with rank 2

	R4-1915110
	Simulation results for NR FR1 normal CA UE performance requirements for FDD
	Huawei, HiSilicon
	Simulation results

	R4-1915111
	Simulation results on NR FR1 normal CA UE performance requirements for TDD
	Huawei, HiSilicon
	Simulation results
Observation: There is almostly the same for different channel bandwidth for NR FR1 normal CA for TDD.

	R4-1915112
	Discsussion on NR normal CA performance requirements
	Huawei, HiSilicon
	Observation: No PUCCH capability limitation for HARQ ACK/NACK feedback transmission for NR CA.
Proposal 1: One PUCCH group should be assumed for NR CA cases with same and mixed numerology, and PUCCH is transmitted on the PCell with no UL CA assumption.
Proposal 2: Consider to use the number of HARQ process for scenario 3 and scenario 4 of CA with mixed numerology as shown in Table 1:
· FDD PCell: 5 for FDD CC and 8 for TDD CC
· TDD PCell: 5 for FDD CC; 12 for TDD CC
Proposal 3: Choose FR2 Rank 1, FR2 MCS 4 for FR2 CA cases 
Proposal 4: For the test applicability rule, we have the following proposal:
· UE should be tested for all the supported CA duplex mode
· CA capability category: intra-band contiguous CA, intra-band non-contiguous CA and inter-band CA as per the different frequency range FR1, FR2 and FR1+FR2
· Testing of different CA capabilities, CA configurations and CBW combinations: 
	Tests
	CA capability where the tests apply
	CA configuration from the selected CA capability where the tests apply
	CA Bandwidth combination to be tested in priority order

	All CA tests
	Any one of the supported CA capabilities with largest aggregated CA bandwidth combination
	Any one of the supported FDD/TDD CA configurations with largest aggregated CA bandwidth combination
	Largest aggregated CA bandwidth combination with the largest number of CCs




	R4-1915113
	draftCR: test structure for NR FR1 CA normal demodulation requirements for 4Rx
	Huawei, HiSilicon
	CR



2) [bookmark: _Hlk514434712]SCS, Channel bandwidth
Agreements in RAN4 #92bis (R4-1912832):
· Single carrier SCS
· FR1
· FR1 FDD:15kHz 
· FR1 TDD: 30kHz, FFS 15kHz
· FR2: 120kHz
· Single carrier channel bandwidth for the FR1 FDD 15kHz, FR1 TDD 30kHz and FR2 120kHz SCS
· All configurable channel bandwidths
· Scenarios with different SCSs on different CCs for inter-band CA
· FR1 FDD 15 kHz SCS and TDD 30 kHz SCS
· If TDD 15 kHz requirements will be defined then
· All configurable channel bandwidths for TDD 15 kHz will be considered
· TDD 15 kHz is only tested in inter-band CA scenario with different SCSs on different CCs: FR1 TDD 15 kHz SCS and TDD 30 kHz SCS

Open issues:
· Whether to define requirements for FR1 TDD 15 kHz 
· Yes (China Telecom, Intel, CMCC)
· CA scenario for FR1 TDD 15kHz
· Option 1: FR1 inter-band CA with TDD 15 kHz + TDD 30 kHz (Agreement in the last meeting, CMCC)
· Option 2: FR1 inter-band CA with TDD 15 kHz + TDD 30 kHz, and FR1 inter-band CA with TDD 15 kHz + FDD 15 kHz (Intel, CMCC)
· Scenario to test TDD+FDD CA in case UE does not support different SCS on different CCs. (Intel)
· Single carrier channel bandwidth for FR1 TDD 15 kHz
· Option 1: All configurable channel bandwidths  (Agreement in the last meeting, CMCC)
· Option 2: All configurable channel bandwidths  up to [30] MHz
E///: all CBW means up to 50MHz?
	Intel/CTC: Yes
	E///: not sure if 50MHz CBW is available for the re-farming band.
	CMCC: 50MHz CBW for n40. 

· TDD UL-DL pattern for FR1 TDD 15kHz
· Option 1: 3D1S1U with S=10:2:2  (China Telecom)
	
Discussion:


Agreement:
· Define requirements for FR1 TDD 15 kHz 
· CA scenario for FR1 TDD 15kHz
· FR1 inter-band CA with TDD 15 kHz + TDD 30 kHz
· FFS: FR1 inter-band CA with TDD 15 kHz + FDD 15 kHz
· Scenario to test TDD+FDD CA in case UE does not support different SCS on different CCs. 
· QC would like to check
· Single carrier channel bandwidth for FR1 TDD 15 kHz
· All configurable channel bandwidths 
· TDD UL-DL pattern for FR1 TDD 15kHz
· 3D1S1U with S=10:2:2  


3) Test parameters
Agreements in RAN4 #92bis (R4-1912832):
· Rank: 
· FR1: Rank 2 for 2Rx and 4Rx
· FR2: 
· Option 1: Rank 2
· Option 2: Rank 1
· MCS: 
· FR1: MCS 13 (16QAM, CR 1/2)
· FR2: 
· Option 1: MCS 13 (16QAM, CR 1/2)
· Option 2: MCS 4 (QPSK, CR 1/3)
· Option 3: MCS 10 or 11 (16 QAM) 
· Other options are not precluded
· Receiver type: MMSE-IRC 
· Not cover 16 HARQ processes
· PDSCH scheduling
· Self-carrier scheduling for each carrier
· PUCCH capacity
· Check if there is PUCCH capacity issue for the maximum numbers of CCs in the Sep version of Rel-16 core spec 
· HARQ process number for TDD-FDD CA: FFS
· Single carrier performance for TDD-FDD CA
· Further discuss whether the requirement of one TDD/FDD carrier in TDD-TDD/ FDD-FDD CA can be applied for TDD-FDD CA with TDD Pcell or FDD Pcell.

Open issues:
· Rank and MCS for FR2
· Option 1: rank 2 and MCS 10 (China Telecom, Ericsson)
· Option 2: rank 2 and MCS 11 (China Telecom)
· Option 3: rank 1 and MCS13 (Intel, Ericsson)
· Option 4: rank 2 and MCS13 (Qualcomm)
· Option 5: rank 1 and MCS4 (Huawei)
HW: for OTA, prefer to use rank 1. Questionable how to conduct tests with 2Tx and ULA in practical. 
QC: we already have rank 2 test for single carrier. CPA can provide sufficient isolation for rank 2.
R&S: in the test, apply the correlation matrix in wireless cable. For each direction, we can apply the correlation matrix.
HW: Not sure if all the UE have good isolation. 
R&S: RAN5 is discussing what kind of isolation can be achieved. RAN5 discussion will not impact RAN4 agreement. No testability issue to introduce FR2 test with rank 2. 
Intel: the testable SNR should be taken into account. No a good way to introduce test which can only be tested, for example, with 600MHz aggregated CBW.
QC: rank 2 and MCS 11 is also feasible from testable SNR point of view. 
Intel: rank 2 and MCS 11 can only be tested for 400MHz CBW.
E///: use different MCS/rank for different bands. 
Intel: additional workload 
QC: prefer to define band agnostic requirements. Applicability rule is needed if use different MCS/rank for different bands. 
Intel: why we need to use rank 2 if the test purpose is to check CA capability?
QC: the test purpose to check high throughput can be achieved for CA capable UE.
Intel: for FR1, we only consider 16QAM but not 64QAM or 256QAM
QC: due to UE capability 
Intel: testability need to be taken into account
QC: we did analysis based on commercial test equipment.

· Rank and MCS for FR2
· Option 1: rank 2 and MCS 10 
· Option 2: rank 2 and MCS 11 
· Option 3: rank 1 and MCS[13]
· Down-select to one option

	Simulation results from companies:
	SNR at 70% TP (dB)
	Rank 2
	Rank 1

	
	MCS 4
	MCS 10
	MCS 11
	MCS 13
	MCS 4
	MCS 10
	MCS 11
	MCS 13

	China Telecom
	
	8.9
	9.8
	12.1
	
	
	
	

	Intel
	
	8.1
	
	11.9
	
	
	
	5.0

	Ericsson (400MHz CBW)
	1.4
	7.8
	9.0
	11.8
	-2.8
	2.1
	3.0
	5.1

	Average alignment result
	1.4 
	8.3 
	9.4 
	11.9 
	-2.8 
	2.1 
	3.0 
	5.1 

	Average alignment result + 
~2dB (IM and extra margin)
	3.4 
	10.3 
	11.4 
	13.9 
	-0.8 
	4.1 
	5.0 
	7.1 



	Analysis on testable SNR from companies (Qualcomm, R4-1913496):
· Observation 2: The table of SNR limitations for FR2 in WF [R4-1912832] is pessimistic compared to the SNR calculator spreadsheet in 38.810.
· Observation 3: Commercial test equipment can achieve 1% EVM for 28GHz and 39GHz carrier frequency. We can have at least 40dB DL SNR with current test equipment capability.
· Observation 4: EVM and phase noise in the test equipment are not the bottleneck for FR2 DL testing, and hence only the link budget shall be the focus from the testability point of view.
· Proposal 5: If testable SNR is lower than the requirement SNR for FR2 CA, that test case will be skipped.

· PUCCH group
· Option 1: one PUCCH group, i.e., A/N feedback on Pcell  with no UL CA (China Telecom, Huawei)
· PUCCH format for A/N feedback
· Option 1: use PUCCH format 1 for no more than 2 DL CCs, and use PUCCH format 3 for more than 2 DL CCs. (China Telecom)
· PUCCH capacity
· Option 1: no issue (China Telecom, Huawei)
· HARQ process number for FDD 15 kHz + TDD 30 kHz CA
· Pcell: 
· Option 1: Same with that for single carrier test, i.e., 4 for FDD and 8 for TDD (China Telecom, Qualcomm, DOCOMO, Intel)
· Option 2: 5 for FDD and 12 for TDD (Huawei)
· Scell: 
· Option 1 (China Telecom, Intel)
· FDD Pcell: 4 for FDD CC; 8 for TDD CC
· TDD Pcell: 8 for TDD CC; 8 for FDD CC
· Option 2 (Huawei)
· FDD PCell: 5 for FDD CC; 8 for TDD CC
· TDD PCell: 5 for FDD CC; 12 for TDD CC
CTC: take into account that the HARQ process number is even numbers but not odd numbers.
   Intel: not all the even numbers are possible.

· HARQ process number for TDD 15 kHz + TDD 30 kHz CA
· Pcell: 
· Option 1: Same with that for single carrier test, i.e., 8 for15kHz  and 30kHz SCS (China Telecom)
· Scell: 
· Option 1 (China Telecom)
· 15kHz SCS Pcell: 8 for 15 kHz CC; 11 for 30 kHz CC
· 30kHz SCS PCell: 8 for 30 kHz CC; 8 for 15 kHz CC

· Single carrier performance for TDD-FDD CA and TDD-TDD CA with different SCSs
· Pcell: 
· Option 1: Reuse single carrier requirements from FDD+FDD and TDD+TDD CA with the same SCS (China Telecom, Qualcomm)
· Scell: 
· Option 1: Reuse single carrier requirements from FDD+FDD and TDD+TDD CA with the same SCS (China Telecom)
· Observation: The link-level performance difference at 70% throughput is negligible for round-trip time of 10 slots and 20 slots. (China Telecom)
· Option 2: Further discuss whether single carrier requirements from FDD+FDD and TDD+TDD CA can be reused (Qualcomm)

Discussion:


Agreement:
· Rank and MCS for FR2
· Option 1: rank 2 and MCS 10 
· Option 2: rank 2 and MCS 11 
· Option 3: rank 1 and MCS[13]
· Down-select to one option
· PUCCH group
· one PUCCH group, i.e., A/N feedback on Pcell with no UL CA 
· PUCCH format for A/N feedback
· use PUCCH format 1 for no more than 2 DL CCs, and use PUCCH format 3 for more than 2 DL CCs. 
· No PUCCH capacity issue
· HARQ process number for FDD 15 kHz + TDD 30 kHz CA
· Pcell: 
· Option 1: Same with that for single carrier test, i.e., 4 for FDD and 8 for TDD
HW would like to check.
· Scell: FFS
· HARQ process number for TDD 15 kHz + TDD 30 kHz CA: FFS
· Single carrier performance for TDD-FDD CA and TDD-TDD CA with different SCSs: 
· Further discuss whether single carrier requirements from FDD+FDD and TDD+TDD CA with the same SCS can be reused.
· Encourage more performance analysis in the next meeting.


4) Test applicability rule
Agreements in RAN4 #92bis (R4-1912832):
· Test applicability for different CA duplex mode
· Option 1: Test all the supported CA duplex mode
· Other options are not precluded
· FFS categorizing of CA capabilities
· FFS on test of different CA capabilities
· FFS on selection of CA configuration(s) for test among supported CA configurations
· FFS on selection CBW combination for test for selected CA configuration

Open issues:
· Test applicability for different CA duplex mode
· Option 1: Test all the supported CA duplex mode (China Telecom, CMCC, Huawei)
· Pcell in TDD+FDD CA, TDD+TDD CA with different SCSs
· Option 1 (China Telecom)
· Discuss whether to conduct test for both FDD PCell and TDD Pcell for FDD 15 kHz + TDD 30 kHz CA
· Discuss whether to conduct test for both 15 kHz PCell and 30 kHz Pcell for TDD 15 kHz + TDD 30 kHz CA. 
QC: run simulation to see if there is performance difference. If the performance is similar, just test one of them.
CMCC: for LTE, we have UE capability whether to support TDD Pcell. For NR, tend to agree with QC.

· Categorizing of CA capabilities
· Option 1: Define different capabilities for intra-band contiguous CA, intra-band non-contiguous CA and inter-band CA with different numbers of bands. (China Telecom, Intel, CMCC) 
· Option 2: Define different capabilities for intra-band contiguous CA, intra-band non-contiguous CA and inter-band CA (Huawei)
· Other options are not precluded.
· Companies to bring proposals on the demod spec structure for CA, with the motivation to minimize future maintenance. 

Intel: do we need to update demod spec following the update on RF spec?
	CMCC: yes, the same approach as LTE. Updates for each release but not each meeting
Intel: might be better to add RF spec as reference, but not update the demod spec accordingly. 
QC: why test CA with different numbers of bands?
R&S: in RAN5, only test the lowest and highest numbers of bands. 
QC: if follow RF spec, it should be endless.

· Test of different CA capabilities
· Option 1: Test intra-band contiguous CA, Intra-band non-contiguous CA and Inter-band CA with the largest number of bands (Intel)
· Option 1a: Test intra-band contiguous CA, Intra-band non-contiguous CA and Inter-band CA with the largest aggregated CBW (Intel)
· Option 2: Test all the supported CA capabilities, including intra-band contiguous CA, intra-band non-contiguous CA and inter-band CA with different numbers of bands (China Telecom, CMCC)
· For inter-band CA with different numbers of bands, the largest aggregated channel bandwidth can be different, e.g., 30+2x100=230 MHz for CA_n1A-n78C, 30+20+100=150 MHz for CA_n3A-n8A-n78A.  (China Telecom)
· Option 3: Any one of the supported CA capabilities (Huawei)


· Selection of CA configuration(s) and CBW combination 
· Option 1: Select any one of the supported CA configurations in each CA capability with largest aggregated CA bandwidth combination (China Telecom, DOCOMO, CMCC, Huawei)
· Take into account that only up to rank 2 and up to MCS 13 are used in the test (China Telecom)
· Prioritize the largest aggregated CA bandwidth combination with the largest number of CCs (Huawei)
· Option 2: Maximum number of CCs (DOCOMO)
· Option 3: Maximum number of bands (DOCOMO)
· Option 4 (Intel)
· For FR1:
· Step 1: Select CA configurations with maximum number of CCs, on which UE capability field supportedSubCarrierSpacingDL is equal to SCSreq, among all supported CA configurations
· Step 2: Select CA configurations with maximum number of CCs, on which UE capability field maxNumberMIMO-LayersPDSCH is higher or equal to νLayersreq, among all the selected CA configurations from Step 1
· Step 3: Select any one of CA configurations, which contain CBW combination with the largest data rate not exceeding DataRatereq, among all the selected CA configurations from Step 2.
· For FR2:
· Step 1: Select CA configurations, which contain CBW combinations with SNRTEmax higher or equal to SNRreq, among all supported CA configurations
· Step 2: Select CA configurations with maximum number of CCs, on which UE capability field supportedSubCarrierSpacingDL is equal to SCSreq, among all the selected CA configurations from Step 1
· Step 3: Select CA configurations with maximum number of CCs, on which UE capability field maxNumberMIMO-LayersPDSCH is higher or equal to νLayersreq, among all the selected CA configurations from Step 2
· Step 4: Select any one of CA configurations, which contain CBW combination with the largest data rate not exceeding DataRatereq and aggregated bandwidth with SNRTEmax higher or equal to SNRreq, among all the selected CA configurations from Step 3.

Intel: Not sure if rank 2 MCS 13 is supported for all the CCs in each CA configuration.
· Selection of CA configuration(s) and CBW combination 
· Further discuss by taking into account:
· The supportedSubCarrierSpacingDL and maxNumberMIMO-LayersPDSCH and the scaling factor are reported for each CC for FR1 and FR2.
· The testable SNR for FR2. 

Discussion:


Agreement:
· Test applicability for different CA duplex mode
· Test all the supported CA duplex mode
· For FDD PCell and TDD Pcell in FDD 15 kHz + TDD 30 kHz CA, and for 15 kHz PCell and 30 kHz Pcell in TDD 15 kHz + TDD 30 kHz CA
· Conduct test based on UE capability (if any)
· If Pcell in both carriers are supported and the performance is similar, FFS which one is used for the tests.
· Categorizing of CA capabilities
· Option 1: Define different capabilities for intra-band contiguous CA, intra-band non-contiguous CA and inter-band CA with different numbers of bands. 
· Option 2: Define different capabilities for intra-band contiguous CA, intra-band non-contiguous CA and inter-band CA
· Other options are not precluded.
· Companies to bring proposals on the demod spec structure for CA, with the motivation to minimize future maintenance. 
· Test of different CA capabilities
· Option 1: Test intra-band contiguous CA, Intra-band non-contiguous CA and Inter-band CA with the largest number of bands
· Option 2: Test intra-band contiguous CA, Intra-band non-contiguous CA and Inter-band CA with the largest aggregated CBW 
· Option 3: Test all the supported CA capabilities, including intra-band contiguous CA, intra-band non-contiguous CA and inter-band CA with different numbers of bands
· Option 4: Any one of the supported CA capabilities
· Other options are not precluded.
· Selection of CA configuration(s) and CBW combination 
· Further discuss by taking into account:
· The supportedSubCarrierSpacingDL and maxNumberMIMO-LayersPDSCH and the scaling factor are reported for each CC for FR1 and FR2.
· The testable SNR for FR2. 


5) Related CRs
R4-1913424	CR to TS 38.101-4: FRC for FR1 Normal CA requirements (R16)
					38.101-4	  CR-0012  rev  Cat: B (Rel-16) v15.3.0
					Source: Intel Corporation
Abstract: 

Discussion: 
CTC: checked the numbers, and they are ok.
Recommendation: 		The document was postponed.



R4-1915113	draftCR: test structure for NR FR1 CA normal demodulation requirements for 4Rx
					38.101-4	  CR-  rev  Cat: B (Rel-16) v15.3.0
					Source: Huawei, HiSilicon
Abstract: 	
test structure for NR FR1 CA 4Rx normal demodulation requirements
Discussion: 

Recommendation: 		The document was postponed.


Intel will draft the WF on CA normal demodulation requirements. 

Tx ports larger than 8 and up to 32
1) Contributions list and summary of proposals
	Tdoc
	Title
	Source
	Proposal

	R4-1913184
	Discussion on PMI reporting requirements for larger number of Tx ports
	China Telecom
	Proposal 1: Configure wideband PMI for 32 Tx ports and subband PMI for 16 Tx ports.
Proposal 2: Cover rank 4 for 4Rx UE, and use rank 2 and rank 4 in tests with 32 and 16 Tx ports respectively.
Proposal 3: For NZP CSI-RS, (k0, k1, k2, k3) = (2, 4, 6, 8), l0 = 5 for 16 Tx ports, and (k0, k1, k2, k3) = (2, 4, 6, 8), (l0, l1) = (5,7) for 32 Tx ports.
Proposal 4: For Rel-15 type II codebook, use (N1, N2) = (4, 2) for 16 Tx ports, and (N1, N2) = (4, 4) for 32 Tx ports.

	R4-1913372
	Simulation results of Type I PMI test cases
	Samsung
	Proposal 1:  The subband PMI requirement with type I single panel codebook for 32 Tx ports should be defined in RAN4
Proposal 2:  If RAN4 agree to introduce the requirement with subband PMI for type I single panel codebook, other channel model with high delay spread should be considered.

	R4-1913373
	Initial simulation results for PMI reporting with type II codebook
	Samsung
	Observation1: As for Type II, it achieves significant gain compared to Type I codebook, the gain is about 9dB and 6.6dB for rank1 and rank 2 at SNR point at 90% of peak throughput, respectively. 
Observation2: The gap of Type II between following PMI and random PMI is extremely high than Type I codebook case
Observation3: SNR point at 90% of peak throughput is lower than before due to the more accurate channel compression for Type II.
Observation4:  The TDL-A channel model has small delay spread which lacks of channel selectivity in frequency domain, there is no obvious performance difference between ‘SubbandAmplitude=OFF’ and ‘SubbandSmplitude=ON’ in the current cases, consequently, other channel model with high delay spread  can be considered if RAN4 agreed to configure  ‘SubbandSmplitude=ON’. 
Proposal1: Under beam steering model with dual-cluster beams, there is larger performance gap between Type II codebook and Type I –single Panel codebook, RAN4 should define new test cases for Type II codebook.
Proposal 2: Regarding test metric, relative throughput ratio between following PMI with Type II codebook and following PMI with Type I codebook can considered as a candidate option.

	R4-1913379
	Test case design for PMI reporting with Type II codebook
	Samsung
	Proposal 1: For NR Type II codebook construction, using below configurations
· Number of ports: 16 Tx ports with (N1, N2) = (4,2) and (O1, O2) = (4,4)
· L (numberOfBeams): 2
· Npsk (phaseAlphabetSize) : FFS for beam combining coefficient (phase) set size, Npsk =4 can be taken for initial simulation purpose
· subbandAmplitude: FFS for  'true' or 'false' 
Proposal 2: Reusing beam steering approach with dual-cluster beams as as specified in B.2.3B.4A of TS 36.101
· Relative power ratio among two beams can be fixed as 1 (p =1)
Proposal 3: For test metric, several approaches can be further considered: 
· Alt1 : TP ratio between following PMI under Type II codebook and following PMI under  Type-I single panel codebook
· Alt2: TP ratio between following PMI and rand PMI
Proposal 4: below parameters can be used as starting point for initial summation purpose:
· MCS and rank: 16QAM ½, rank2
· MIMO correlation: XP High
· Channel model: TDLA30-35

	R4-1913485
	Simulation results for PMI test cases with 16,32 ports
	Intel Corporation
	Observation #1: With high antenna correlation and 4 layers maximum throughput is not achieved with 16 TX ports
Observation #2: With 16 TX ports the throughput gains are measurable with subband PMI for 2 and 4RX
Observation #3: The throughput gain with 32 TX and subband PMI is high and not measurable in a test

	R4-1913486
	Discussion on PMI test cases with 16, 32 ports
	Intel Corporation
	Proposal #1: Introduce subband PMI test cases with 16 TX ports
Observation #1: With high antenna correlation and 4 layers maximum throughput is not achieved with 16 TX ports
Observation #2: It is desirable to have same test parameters for 2RX and 4RX test cases to ease test set up
Observation #3: PMI test with rank 4 doesn’t provide any additional benefit
Proposal #2: Do not introduce PMI test cases with Rank 4 for 16 or 32 TX with Type-I single panel codebook
Proposal #3: Companies are encouraged to bring inputs on simulation and parameters to be discussed for defining PMI tests with Type II single panel codebook

	R4-1914367
	Simulation results for CSI - PMI test cases
	Ericsson
	Proposal 1: Cover subband PMI reporting with 16Tx port test cases with TDLA30-5. 
Proposal 2: For subband PMI reporting test, set subband size to 8 for FDD and 16 for TDD. 
Proposal 3: Cover wideband PMI reporting with 32Tx port test cases.

	R4-1914369
	Way forward on PMI reporting requirements for Tx ports larger than 9 and up to 32
	Ericsson
	Way forward

	R4-1914374
	Simulation assumptions for NR PMI reporting requirements for more than 8 Tx ports
	Ericsson
	Simulation assumptions

	R4-1914745
	Simulation results for PMI test of Tx ports larger than 8 and up to 32
	Huawei, Hisilicon
	Simulation results

	R4-1914746
	Discussion on PMI test for Tx ports larger than 8 and up to 32
	Huawei, Hisilicon
	Proposal1: Define test cases only for rank = 2 for both 2Rx and 4Rx, remove “FFS for rank = 4”.
Proposal2: Define test cases only for wideband, remove “FFS for subband PMI”.



2) Test parameters for type I single-panel codebook
Related agreements in RAN4 #92bis (R4-1912834):
· Number of Tx ports
· 16 and 32 for defining requirements. 
· Test applicability: 
· Conduct the tests based on UE capability. For UE supporting both 16 and 32 Tx ports, conduct test for 32 Tx ports.
· PMI tests:
· Wideband PMI
· FFS on subband PMI
· Antenna correlation:
· XP high (as baseline)
· Propagation condition:
· TDLA30-5 for wideband PMI
· FFS: for subband PMI
· Rank:
· For 2Rx UE, rank 2
· For 4Rx UE, rank 2, FFS for rank 4
· MCS:
· As baseline, for rank 2, 64QAM MCS 20 for 64QAM MCS table.
· Other options will be considered if technical issues are identified based on simulation results. 

Open issues:
· Whether to introduce subband PMI test
· Yes (China Telecom, Samsung, Intel, Ericsson)
· Option 1a: subband PMI for 16 ports, wideband PMI for 32 ports (China Telecom, Ericsson)
· Option 1b: subband PMI for 16 ports (Intel)
· Option 1c: subband PMI for 32 ports (Samsung)
· No (Huawei)
· Propagation condition for subband PMI test
· Option 1: TDLA30-5 (Ericsson)
· Option 2: other channel model with high delay spread  (Samsung)
· Subband size for subband PMI test
· Option 1: 8 for FDD and 16 for TDD (Ericsson)
· Whether to introduce rank 4 test for 4Rx UE
· Yes (China Telecom)
· For 4Rx UE, rank 2 for 32 port, rank 4 for 16 Tx (China Telecom)
· No (Intel, Huawei)
· First subcarrier index and first symbol location for NZP CSI-RS
· Option 1 (China Telecom)
· (k0, k1, k2, k3) = (2, 4, 6, 8), l0 = 5 for 16 Tx ports, and (k0, k1, k2, k3) = (2, 4, 6, 8), (l0, l1) = (5, 7) for 32 Tx ports.

Discussion:


Agreement:


3) Test parameters for type II codebook
Open issues:
· Codebook construction for 16 Tx ports
· Option 1: (N1, N2) = (4, 2) and (O1, O2) = (4,4) (Samsung)
· L (numberOfBeams): 2
· Npsk (phaseAlphabetSize) : FFS for beam combining coefficient (phase) set size, Npsk =4 can be taken for initial simulation purpose
· subbandAmplitude: FFS for  'true' or 'false' 
· Option 2: (N1, N2) = (4, 2) (China Telecom)
· Codebook construction for 32 Tx ports
· Option 1: (N1, N2) = (4, 4) (China Telecom)
· Beam steering model
· Option 1: beam steering model with dual-cluster beams as specified in B.2.3B.4A of TS 36.101 (Samsung)
· Relative power ratio among two beams can be fixed as 1 (p =1)
· Test metric:
· Option 1: Relative throughput ratio between following PMI with Type II codebook and following PMI with Type I codebook (Samsung)
· Option 2: Relative throughput ratio between following PMI and rand PMI  (Samsung)
· MCS and rank: 
· Option 1: 16QAM 1/2, rank2 (Samsung)
· MIMO correlation: 
· Option 1: XP High (Samsung)
· Channel model: 
· Option 1: TDLA30-35 (Samsung)

Discussion:


Agreement:


TDD LTE-NR co-existence
1) Contributions list and summary of proposals
	Tdoc
	Title
	Source
	Proposal

	R4-1913371
	Simulation results of UE demodulation requirements for LTE NR co-existence scenario in TDD
	Samsung
	Simulation results

	R4-1913425
	Simulation results for TDD LTE-NR coexistence requirements
	Intel Corporation
	Simulation results

	R4-1913426
	CR to TS 38.101-4: LTE-NR coexistence requirements for TDD mode (R16)
	Intel Corporation
	CR on requirements and FRC

	R4-1914348
	Simulation results of NR PDSCH demodulation requirements for TDD LTE-NR coexistence
	Ericsson
	Simulation results

	R4-1915109
	Simulation results for LTE-NR coexistence for TDD
	Huawei, HiSilicon
	Simulation results



2) Simulation results
Open issues:
· Simulation results
· 4 companies provided simulation results in this meeting

Discussion:


Agreement:


3) Related CRs
R4-1913426	CR to TS 38.101-4: LTE-NR coexistence requirements for TDD mode (R16)
					38.101-4	  CR-0013  rev  Cat: B (Rel-16) v15.3.0
					Source: Intel Corporation
Abstract: 	

Discussion: 

Recommendation: 		The document was not treated.



