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Introduction
This email thread discusses the NR Rel-16 UE performance requirements in agenda 6.18.1.
List of candidate target of email discussion for 1st round and 2nd round:
· 1st round: Invite companies to review the recommended WF in section 1~5, and provide comments (if any) in section 1.3, 2.3, 3.3, 4.3 and 5.3. 
· 2nd round: TBA

Topic #1: General issue for UE requirements
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2003719
	Huawei, HiSilicon
	Proposal 1: Delay discussion on the release independence aspects for UE CSI reporting test for NR CA after RAN4 decides the specific test scope.
Proposal 2: PMI reporting test for Rel-15 type II codebook can be release independent from Release 15.

	R4-2004922 (R4-2002974)
	Samsung
	Proposal 1: It is not feasible release independence for PMI reporting requirements for Rel-15 type II codebook.



Open issues summary
Sub-topic 1-1: Release independent issue
Issue 1-1: release independent issue
· Agreement in RAN4 #94e (R4-2002390, WF)
· CA normal demodulation requirements
· The requirements for those CA configurations that are defined as release independent from release 15 in TS 38.307 can be release independent from release 15 
· PMI reporting requirements for single panel Type I codebook
· The requirements for 16 and 32 Tx ports can be release independent from release 15
· Demodulation requirements for TDD LTE - NR coexistence
· Release independent from release 15 for the TDD bands supporting spectrum sharing in Rel-15
· PMI reporting requirements for Rel-15 type II codebook
· Option 1: Discuss the release independence after detailed simulation assumptions finalized
· Option 2: Release independent from Rel-15 since it is Rel-15 core feature
· CA CQI reporting requirements
· Option 1: Discuss the release independence after March
· Option 2: Release independent from Rel-15 since it is Rel-15 core feature
· Proposals
· PMI reporting requirements for Rel-15 type II codebook
· Option 1: Release independent from Rel-15 (Huawei)
· Option 2: Not release independent from Rel-15 (Samsung)
· CA CQI reporting requirements
· Option 1: Delay discussion after RAN4 decides the test scope  (Huawei)
· Option 2: Release independent from Rel-15 since it is Rel-15 core feature
· Recommended WF
· TBA based on the feedback from more companies

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

	Samsung
	Issue 1-1: release independent issue
Based on UE feature list, Rel-15 Type II codebook is a UE optional feature with signaling. We suggest it is not feasible release independent from Rel-15

	Ericsson
	Issue 1-1: release independent issue
Option 1 for Release-15 PMI reporting test.
Option 1 For CA CQI reporting requirements. RAN4 usually discuss the requirements are released independent or not after RAN4 complete or almost complete the specification work. We agree it is too early to discuss it. 

	CMCC
	Issue 1-1: release independent issue
Support option 1 for PMI reporting requirements. Even though it is an optional feature in Rel-15, the requirements can still be release independent and apply to the UE which support this feature.
Support option 1 for CA CQI reporting requirements

	China Telecom
	Issue 1-1: release independent issue
For PMI reporting requirements for Rel-15 type II codebook, we support option 1.
For CA CQI reporting requirements, ok to discuss later.

	Intel
	We are fine with both options. Same time, we think that this topic is coupled with discussion on Rel-16 NR feature list and we have the following view for all topics under this WI:
· Further discussion on requirements applicability is needed. In general, Rel-15 UEs are already expected to support the respective features but the performance may not be guaranteed. In case the requirements are defined from Rel-15 it is important to ensure a mechanism that only UEs compliant with the newly defined conformance requirements can indicate the respective capabilities. In case the requirements are defined from Rel-16, additional features/capabilities shall be introduced to inform gNB that UE can fulfill the respective requirements.

	Apple
	Issue 1-1: release independent issue
PMI reporting requirements for Rel-15 type II codebook
Option 1: Release independent from Rel-15
CA CQI reporting requirements
Option 1: Delay discussion after RAN4 decides the test scope  


 
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 

	Topic#1
	Tentative agreements and Candidate options:
· Issue 1-1: release independent issue
· PMI reporting requirements for Rel-15 type II codebook
· Option 1: Release independent from Rel-15 (Huawei, Ericsson, CMCC, CTC, Intel, Apple)
· Option 2: Not release independent from Rel-15 (Samsung, Intel)
· CA CQI reporting requirements
· Tentative agreement: Delay discussion after RAN4 decides the test scope (Huawei, Ericsson, CMCC, CTC, Apple)
· Other issue:
· Intel: we think that this topic is coupled with discussion on Rel-16 NR feature list and we have the following view for all topics under this WI:
· Further discussion on requirements applicability is needed. In general, Rel-15 UEs are already expected to support the respective features but the performance may not be guaranteed. In case the requirements are defined from Rel-15 it is important to ensure a mechanism that only UEs compliant with the newly defined conformance requirements can indicate the respective capabilities. In case the requirements are defined from Rel-16, additional features/capabilities shall be introduced to inform gNB that UE can fulfill the respective requirements.

Recommendations for 2nd round:
Further discuss the candidate options above.



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

	#1
	Way forward on release independent aspect for UE demodulation and CSI reporting requirements
	Huawei, HiSilicon



CRs/TPs
Moderator tries to summarize discussion status for 1st round and provides recommendation on CRs/TPs Status update 
	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)

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”



Topic #2: UE	CA PDSCH requirements
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2004897 (R4-2002949)
	China Telecom
	Rank and MCS for FR2
Proposal 1: For FR2,use rank 2 with MCS 10 or MCS 9, or use the compromised option 3.
TDD-FDD CA and TDD-TDD CA with different SCSs
Proposal 2: Based on the UE capability design, the following proposal is given for performance requirement definition:
· For CA with different SCSs, define requirements for both 15kHz Pcell and 30kHz Pcell. 
· For FDD + TDD CA with 15 kHz SCS, define requirements for both FDD 15 kHz Pcell and TDD 15 kHz Pcell, or alternatively, only for TDD 15 kHz Pcell.
Proposal 3: Select option 2 for the test applicability, i.e.,
· Option 2: If Pcell in both carriers are supported, configure TDD cell as Pcell in TDD-FDD CA, configure 15 kHz SCS cell as Pcell in TDD 15+30kHz SCS CA. (scenarios with larger number of HARQ processes) 
Proposal 4: Proposed answers to the three questions related to HARQ process number:
· Yes for question a), i.e, the HARQ timing for PCell is same as for single carrier.
· Yes for question b), i.e., initial transmission and retransmission are scheduled on the same type of TDD slot, i.e., DL slot or special slot.
· No for question c), i.e., the UL symbols in special slot are not used for carrying PUCCH.
Proposal 5: Proposed HARQ process number
	HARQ process number
	CCs with the same duplex mode & SCS with Pcell
	CCs with different duplex mode / SCS with Pcell

	FDD 15 kHz + 
TDD 30 kHz CA
	FDD PCell
	4
	8

	
	TDD PCell
	8
	8

	FDD 15 kHz + 
TDD 15 kHz CA
	FDD PCell
	4
	4

	
	TDD PCell
	8
	8

	TDD 15 kHz + 
TDD 30 kHz CA
	15kHz PCell
	8
	12 1

	
	30kHz PCell
	8
	8

	Note 1: 
· If different RTTs (10 or 20 slots) are allowed for different HARQ processes, 12 HARQ processes will be used, as seen in Figure 4 of China Telecom’s paper in R4-2000136.



Proposal 6: 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 7: 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 8: 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.
Proposal 9: Selection of CA configuration(s) and CBW combination:
For FR1, for each supported CA duplex mode and each supported CA capability,
· Step 1: Select the CA configuration(s) satisfying the following conditions:
· For each CC, single carrier performance requirement is specified for any one of the supported SCS(s).
· For each CC, the supported maximum modulation order is not lower than 16 QAM.
· For each CC, the supported maximum number of MIMO layers is not lower than 2.
· For each band, the supported max data rate (calculated according to 4.1.2 of TS 38.306) is not lower than the date rate corresponding to using 2-layer and MCS 13 on the largest (aggregated) channel bandwidth on the band.
· Step 2: Select any one of the CA configuration(s) with the largest aggregated CA bandwidth among the selected the CA configuration(s) based on step 1.
For FR2, for each supported CA duplex mode and each supported CA capability, 
· Step 1: Select the CA configuration(s) satisfying the following conditions:
· For each CC, single carrier performance requirement is specified for any one of the supported SCS(s)
· For each CC, the supported maximum modulation order is not lower than 16 QAM
· For each CC, the supported maximum number of MIMO layers is not lower than 2
· For each band, the supported max data rate (calculated according to 4.1.2 of TS 38.306) is not lower than the date rate corresponding to using 2-layer and MCS 10 on the largest (aggregated) channel bandwidth on the band.
· Step 2: Calculate the largest aggregated CA bandwidth for the selected the CA configuration(s) based on step 1, denoted as CBWlargest.
· Step 3: Calculate the maximum aggregated channel bandwidth that can be testable in the test system, denoted as CBWtestable.
· Step 4:
· If CBWlargest <= CBWtestable, select any one of the CA configuration(s) with the largest aggregated CA bandwidth among the selected the CA configuration(s) based on step 1.
· If CBWlargest > CBWtestable, select any one of the CA configuration(s) with the aggregated channel bandwidth no smaller than CBWtestable among the selected the CA configuration(s) based on step 1.
Spec structure
Proposal 10: In the demod spec, not list all the possible CA bandwidth combinations, but just give the procedure to select the CA configuration for testing.

	R4-2004898 (R4-2002950)
	China Telecom
	Simulation results

	R4-2003185
	Intel Corporation
	Proposal 1:	Define requirements for both FRCs (Rank 2 MCS 10 and Rank 1 MCS 13) and test only one which leads to the testing of scenarios with the highest aggregated throughput.
Proposal 2:	Consider the following HARQ process configuration for TDD-FDD CA and TDD-TDD CA with different SCSs:
· PCell FDD 15kHz + SCell TDD 15kHz: PCell – 4, SCell – 4
· PCell TDD 15kHz + SCell FDD 15kHz: PCell – 8, SCell – 8
· PCell FDD 15kHz + SCell TDD 30kHz: PCell – 4, SCell – 8
· PCell TDD 30kHz + SCell FDD 15kHz: PCell – 8, SCell – 8
· PCell TDD 15kHz + SCell TDD 30kHz: PCell – 8, SCell – 12
· PCell TDD 30kHz + SCell TDD 15kHz: PCell – 8, SCell – 8
Proposal 3:	Consider the following list of scenarios for testing with different duplex mode and numerologies:
· Test #1: FDD 15 kHz + FDD 15 kHz
· Test #2: FDD 15 kHz + TDD 30 kHz, in case UE supports different SCS on different carriers for FDD-TDD CA, otherwise FDD 15 kHz + TDD 15 kHz
· Test #3: TDD 15 kHz + TDD 30 kHz, in case UE supports different SCS on different carriers for TDD-TDD CA, otherwise TDD 30 kHz + TDD 30 kHz
Proposal 4:	Align categorizing of CA capabilities for NR Normal CA requirements with RF specifications. Use references to sections with CA configurations descriptions in RF specifications (for example, 5.2A and 5.5A) for definition of CA capabilities to avoid regular maintenance of TS 38.101-4.
Proposal 5:	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 6:	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 7:	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.

	R4-2003520
	CMCC
	Proposal 1: It is proposed to define different capabilities for intra-band contiguous CA, intra-band non-contiguous CA and inter-band CA with different numbers of bands.
Proposal 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
Proposal 3: Test the largest aggregated CA bandwidth combination for the following cases:
· FDD 15KHz+TDD 15KHz (only in case UE does not support FDD 15KHz+TDD 30KHz)
· FDD 15KHz+FDD 15KHz
· TDD 30KHz+TDD 30KHz
· FDD 15KHz+TDD 30KHz
· TDD 15KHz+TDD 30KHz
Proposal 4:  Define requirements for both FDD 15KHz PCell and TDD 15KHz PCell for FDD+TDD CA with 15KHz SCS.

	R4-2003717
	Huawei, HiSilicon
	Proposal 1: Reuse the same number of HARQ processes as for single carrier for CA, i.e. adopt 4 HARQ processes for FDD 15 kHz CA, 8 HARQ processes for TDD 15 kHz CA and 8 HARQ processes for TDD 30kHz CA.
Proposal 2: Adopt 12 HARQ processes for TDD 30 kHz SCell under TDD 15 kHz PCell + TDD 30 kHz SCell CA; 6 HARQ processes for TDD 15 kHz SCell under TDD 30 kHz PCell + TDD 15 kHz SCell CA.
Proposal 3: Use the following number of HARQ process and K1 values for CA with different duplex mode or mixed numerology:
Table 2.3-1: Number of HARQ process and K1 value for CA with different duplex mode or mixed numerology
	Scenario
	PCell
	Number of HARQ process for PCell
	K1 for PCell
	SCell
	Number of HARQ process for SCell
	K1 for SCell

	FDD 15kHz SCS + TDD 30kHz SCS
	FDD 15kHz
	4
	2
	TDD 30kHz
	8
	{2}

	
	TDD 30kHz
	8
	{8,7,6,5,5,4,3,2}
	FDD 15kHz
	8
	{7,6,4,11,9,7,6,4}

	FDD 15kHz SCS + TDD 15kHz SCS
	FDD 15kHz
	4
	{2}
	TDD 15kHz
	4
	{2}

	
	TDD 15kHz
	8
	{4,3,2,6,5}
	FDD 15kHz
	8
	{4,3,2,6}

	TDD 15kHz SCS + TDD 30kHz SCS
	TDD 15kHz
	8
	{4,3,2,6}
	TDD 30kHz
	12
	{4,4,3,3,2,2,6,6}

	
	TDD 30kHz
	8
	{8,7,6,5,5,4,3,2}
	TDD 15kHz
	6
	{7,5,4,11}




	R4-2003718
	Huawei, HiSilicon
	In this contribution, we share our views on those open issues for NR CA normal performance requirements, and
Our observations are:
Observation 1: There is up to 0.69dB difference for FDD 15 kHz SCS PCell with 4 HARQ process and SCell with 8 HARQ process for 2Rx for FDD 15 kHz + TDD 30 kHz CA.
Observation 2: Same performance requirements for TDD 30 kHz PCell&SCell as corresponding single carrier requirements for FDD 15 kHz + TDD 30 kHz CA can be defined.
Observation 3: Very minor performance difference for TDD 15 kHz carrier as PCell with 8 HARQ processes and SCell with 4 HARQ processes. Same performance as single carrier for TDD 15 kHz carrier as PCell or SCell can be defined in FDD 15 kHz + TDD 15 kHz CA.
Observation 4: Very minor performance difference for TDD 15 kHz carrier as PCell with 8 HARQ processes and SCell with 6 HARQ processes. Same performance as single carrier for TDD 15 kHz carrier as PCell or SCell can be defined for TDD 15 kHz + TDD 30 kHz CA.
Observation 5: Minor performance difference for TDD 30 kHz carrier as PCell with 8 HARQ processes and SCell with 12 HARQ processes, and same performance as single carrier for TDD 30 kHz carrier as PCell or SCell can be defined in TDD 15 kHz + TDD 30 kHz CA

Our proposals are:
Proposal 1: Choose Rank 1 MCS13 for FR2 NR CA normal performance requirements.
Proposal 2: Define same performance requirements as corresponding single CC for each aggregated carrier as PCell or SCell in different CA combinations.
Proposal 3: Define same performance requirements for FDD 15 kHz PCell&SCell and TDD 15 kHz PCell&SCell as corresponding single carrier requirements for FDD 15 kHz + TDD 15 kHz CA.
Proposal 4 Adopt the numerology in each CA duplex mode as following:
· Updated Option 2:
· Test #1: FDD 15 kHz + FDD 15 kHz
· Test #2: FDD 15 kHz + TDD 30 kHz, in case UE supports different SCS on different carriers for FDD-TDD CA, otherwise FDD 15 kHz + TDD 15 kHz
· Test #3: TDD 30 kHz + TDD 30 kHz, in case UE supports it, otherwise TDD 15 kHz + TDD 30 kHz 
Proposal 5:
· Categorizing of CA capabilities: Use Option 2, i.e. define different capabilities for intra-band contiguous CA, intra-band non-contiguous CA and inter-band CA by referring to the corresponding table or section in core specification TS 38.101-1/2/3
· Testing of different CA capabilities: 
· For intra-band contiguous CA and intra-band non-contiguous CA
· Select any one of the supported CA configurations with the largest aggregated CA bandwidth combination for certain selected CA duplex mode
· If more than one CA configurations with the same largest aggregated CA bandwidth combination, select the CA configurations with the largest number of CCs
· For inter-band CA
· Select any one of the supported CA configurations with the largest number of bands aggregated
· Selection of CA configurations and CBW combination
· supportedSubCarrierSpacingDL should be considered for CA normal performance requirements
· maxNumberMIMO-LayersPDSCH and  supportedModulationOrderDL reported for each CC and scalingFactor reported per band for FR1 and FR2 should be considered for CA SDR tests and not for CA normal performance requirements
· the testable SNR for FR2 should be considered for CA normal performance requirements

	R4-2003721
	Huawei, HiSilicon
	

	R4-2004008
	NTT DOCOMO, INC.
	Proposal 1: Rank and MCS for FR2 should be selected as follows
•	If the testable SNR is not lower than the required SNR for rank 2 and MCS 10, rank 2 and MCS 10 will be used.
•	If the testable SNR is lower than the required SNR for rank 2 and MCS 10, rank 1 and MCS 13 will be used.
•	In the test, all the CCs will be configured the same rank and MCS.

Proposal 2: Use the following approach on CA test applicability
Categorizing of CA capabilities
· Define different capabilities for intra-band contiguous CA, intra-band non-contiguous CA and inter-band CA with different numbers of bands. 
Test of different CA capabilities
· 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.

Proposal 3: 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


	R4-2004210
	Qualcomm Incorporated
	Observation 1: Initial transmission and retransmission should happen on the same type of slot. Otherwise, it will degrade the HARQ performance.
Proposal 1: Use number of HARQ processes for mixed SCS and mixed Duplex CA as presented in Table 1.
Observation 2: Based on preliminary results, number of HARQ processes does not change the performance significantly.
Proposal 2: If PCell in both carriers are supported, configure FDD cell as PCell in TDD-FDD CA, configure 30 kHz SCS cell as PCell in TDD 15kHz+30kHz SCS CA.
Proposal 3: Use MCS 10, Rank 2 for defining FR2 CA normal demodulation requirements.
Proposal 4: Test TDD 15 kHz + TDD 30 kHz, in case UE supports different SCS on different carriers for TDD-TDD CA, otherwise TDD 30 kHz + TDD 30 kHz.

	R4-2004212
	Qualcomm Incorporated
	Simulation results

	R4-2004553
	Intel Corporation
	Simulation results

	R4-2004554
	Intel Corporation
	Summary of Normal CA simulation results (FR1 15 kHz FDD and TDD)

	R4-2004555
	Intel Corporation
	Summary of Normal CA simulation results (FR1 30 kHz TDD)

	R4-2004556
	Intel Corporation
	Summary of Normal CA simulation results (FR2)



Open issues summary
Sub-topic 2-1: Rank and MCS
Issue 2-1: Rank and MCS for FR2
· Agreement in RAN4 #94e (R4-2002391, WF)
· Option 1: rank 2 and MCS 10 
· Option 2: rank 1 and MCS 13
· Option 3: Define requirements for both option 1 and option 2, and conduct test for one of the two options with the following rule 
· Option 3a: 
· If the testable SNR is not lower than the required SNR for rank 2 and MCS 10, rank 2 and MCS 10 will be used.
· If the testable SNR is lower than the required SNR for rank 2 and MCS 10, rank 1 and MCS 13 will be used.
· In the test, all the CCs will be configured the same rank and MCS.
· Option 3b: take FRC which results in the highest testable Data Rate 
· Step 1: Select CA configurations and CBW for testing of Rank 1 MCS 13
· Step 2: Select CA configurations and CBW for testing of Rank 2 MCS 10
· Step 3: Calculate Data Rate for selected configuration for both FRC
· Step 4: Select FRC which leads to the highest Data Rate
· Other options are not precluded
· Proposals
· Option 1: rank 2 and MCS 10 (China Telecom, QC)
· Option 2: rank 1 and MCS 13 (Huawei)
· Option 3: Define requirements for both option 1 and option 2, and test only one which leads to the testing of scenarios with the highest aggregated throughput. (China Telecom, Intel, DCM)
· Option 3a (China Telecom, DCM): 
· If the testable SNR is not lower than the required SNR for rank 2 and MCS 10, rank 2 and MCS 10 will be used.
· If the testable SNR is lower than the required SNR for rank 2 and MCS 10, rank 1 and MCS 13 will be used.
· In the test, all the CCs will be configured the same rank and MCS.
· Option 3b: take FRC which results in the highest testable Data Rate
· Step 1: Select CA configurations and CBW for testing of Rank 1 MCS 13
· Step 2: Select CA configurations and CBW for testing of Rank 2 MCS 10
· Step 3: Calculate Data Rate for selected configuration for both FRC
· Step 4: Select FRC which leads to the highest Data Rate
· Other options are not precluded
· Option 4: rank 2 and MCS 9 (China Telecom)
· Recommended WF
· Is it possible to go with option 3, and the detailed rule to select the FRC for testing will be discussed together with the discussion on Selection of CA configuration(s) and CBW combination in sub-topic 2-8?
· Option 3: Define requirements for both option 1 and option 2, and test only one which leads to the testing of scenarios with the highest aggregated throughput.
· Aim to make decision in this meeting

Sub-topic 2-2: Pcell configuration
Issue 2-2: Pcell configuration for TDD-FDD CA and TDD-TDD CA with different SCSs
· Agreement in RAN4 #94e (R4-2002391, WF)
· For performance requirements, the following proposal can be agreed after RAN4 confirmed that the same single carrier performance can be applied with different Pcell configurations and if applicability rules will be defined in a way that there is no scenarios which will never be tested (i.e. one Pcell configuration will be covered by one group of UEs and another Pcell configuration will be covered by another group of UEs)
· For CA with different SCSs, define requirements for both 15kHz Pcell and 30kHz Pcell. 
· For FDD + TDD CA with 15 kHz SCS, FFS whether to define requirements for both FDD 15 kHz Pcell and TDD 15 kHz Pcell.
· For test applicability, further discuss the following options:
· Option 1: The test coverage can be considered fulfilled if UE passes one of scenario with one of the CC as PCell as per the real testing request 
· Option 2: If Pcell in both carriers are supported, configure TDD cell as Pcell in TDD-FDD CA, configure 15 kHz SCS cell as Pcell in TDD 15+30kHz SCS CA. (scenarios with larger number of HARQ processes) 
· Option 3: If Pcell in both carriers are supported, configure FDD cell as Pcell in TDD-FDD CA, configure 30 kHz SCS cell as Pcell in TDD 15+30kHz SCS CA. (scenarios with less number of HARQ processes)

Issue 2-2-1: Pcell configuration for performance requirements
· Proposals 
· For CA with different SCSs
· Option 1: define requirements for both 15kHz Pcell and 30kHz Pcell. (China Telecom, CMCC)
· For FDD + TDD CA with 15 kHz SCS
· Option 1: define requirements for both FDD 15 kHz Pcell and TDD 15 kHz Pcell. (China Telecom, CMCC):
· Option 2: define requirements only for TDD 15 kHz Pcell. (China Telecom)
· Recommended WF
· For CA with different SCSs, is option 1 agreeable?
· For FDD + TDD CA with 15 kHz SCS, further discuss and aim to make decision in this meeting

Issue 2-2-2: Pcell configuration for the test
· Proposals 
· Option 1: The test coverage can be considered fulfilled if UE passes one of scenario with one of the CC as PCell as per the real testing request 
· Option 2: If Pcell in both carriers are supported, configure TDD cell as Pcell in TDD-FDD CA, configure 15 kHz SCS cell as Pcell in TDD 15+30kHz SCS CA. (scenarios with larger number of HARQ processes). (China Telecom)
· Option 3: If Pcell in both carriers are supported, configure FDD cell as Pcell in TDD-FDD CA, configure 30 kHz SCS cell as Pcell in TDD 15+30kHz SCS CA. (scenarios with less number of HARQ processes) (QC)
· Option 4: If PCell in both carriers are supported, configure FDD 15kHz cell as PCell in FDD 15kHz + TDD 15kHz CA, configure 30kHz SCS cell as PCell in both FDD 15kHz + TDD 30kHz CA and TDD 15kHz + TDD 30kHz CA (Huawei) 
· Recommended WF
· TBA based on the feedback from more companies

Sub-topic 2-3: HARQ process number
Issue 2-3: HARQ process number for TDD-FDD CA and TDD-TDD CA with different SCSs
· Agreement in RAN4 #94e (R4-2002391, WF)
	HARQ process number
	CCs with the same duplex mode & SCS with Pcell
	CCs with different duplex mode / SCS with Pcell

	FDD 15 kHz + 
TDD 30 kHz CA
	FDD PCell
	Option 1: 4
Option 2: 6
	8

	
	TDD PCell
	8
	8

	FDD 15 kHz + 
TDD 15 kHz CA
	FDD PCell
	4
	4

	
	TDD PCell
	Option 1: 6
Option 2: 8
	8

	TDD 15 kHz + 
TDD 30 kHz CA
	15kHz PCell
	Option 1: 6
Option 2: 8
	Option 1: 10
Option 2: 12
Option 3: 16

	
	30kHz PCell
	8
	Option 1: 6
Option 2: 8



· Companies are encouraged to provide inputs on the following aspects:
· a) Whether the HARQ timing for PCell is same as for Single Carrier?
· b) Whether initial transmission and retransmission are scheduled on the same type of TDD slot, i.e., DL slot or special slot?
· c) Whether the UL symbols in special slot can be used for carrying PUCCH?
· Proposals
· Proposals on HARQ process number
	HARQ process number
	CCs with the same duplex mode & SCS with Pcell
	CCs with different duplex mode / SCS with Pcell

	
	CTC
	Intel
	QC
	HW
	CTC
	Intel
	QC
	HW

	FDD 15 kHz + 
TDD 30 kHz CA
	FDD PCell
	4
	4
	4
	4
	8
	8
	8
	8

	
	TDD PCell
	8
	8
	8
	8
	8
	8
	8
	8

	FDD 15 kHz + 
TDD 15 kHz CA
	FDD PCell
	4
	4
	4
	4
	8
	4
	4
	4

	
	TDD PCell
	8
	8
	8
	8
	8
	8
	8
	8

	TDD 15 kHz + 
TDD 30 kHz CA
	15kHz PCell
	8
	8
	8
	8
	121
	122
	16
	122

	
	30kHz PCell
	8
	8
	8
	8
	8
	8
	8
	6

	Note 1: Different RTTs (10 or 20 slots) are used for different HARQ processes, and initial transmission and retransmission are scheduled on the same type of TDD slot, as seen in Figure 4 of China Telecom’s paper in R4-2000136 in RAN4 #94e.
Note 2: Initial transmission and retransmission can be scheduled on different types of TDD slot.



· Proposed answers to the three questions
· a) Whether the HARQ timing for PCell is same as for Single Carrier?
· Yes (China Telecom, Intel, Huawei)
· No
· b) Whether initial transmission and retransmission are scheduled on the same type of TDD slot, i.e., DL slot or special slot?
· Yes (China Telecom, QC)
· Yes in case using of such assumptions does not contradict with some agreements (Intel)
· In 92bis meeting, it was agreed in R4-1912832 that scenarios with 16 HARQ process will not be covered in Rel-16 NR CA requirements.
· No need to make such constraints (Huawei)
· c) Whether the UL symbols in special slot can be used for carrying PUCCH?
· Yes
· No (China Telecom, Intel, Huawei)
· Proposals on K1 (Huawei)
	K1
	CCs with the same duplex mode & SCS with Pcell
	CCs with different duplex mode / SCS with Pcell

	FDD 15 kHz + 
TDD 30 kHz CA
	FDD PCell
	2
	{2}

	
	TDD PCell
	{8,7,6,5,5,4,3,2}
	{7,6,4,11,9,7,6,4}

	FDD 15 kHz + 
TDD 15 kHz CA
	FDD PCell
	{2}
	{2}

	
	TDD PCell
	{4,3,2,6,5}
	{4,3,2,6}

	TDD 15 kHz + 
TDD 30 kHz CA
	15kHz PCell
	{4,3,2,6}
	{4,4,3,3,2,2,6,6}

	
	30kHz PCell
	{8,7,6,5,5,4,3,2}
	{7,5,4,11}



· Recommended WF
· HARQ process number
	HARQ process number
	CCs with the same duplex mode & SCS with Pcell
	CCs with different duplex mode / SCS with Pcell

	FDD 15 kHz + 
TDD 30 kHz CA
	FDD PCell
	4
	8

	
	TDD PCell
	8
	8

	FDD 15 kHz + 
TDD 15 kHz CA
	FDD PCell
	4
	4

	
	TDD PCell
	8
	8

	TDD 15 kHz + 
TDD 30 kHz CA
	15kHz PCell
	8
	Issue 2-3-1:
· Option 1: 12, different RTTs (10 or 20 slots) are used for different HARQ processes, and initial transmission and retransmission are scheduled on the same type of TDD slot.
· Option 2: 12, initial transmission and retransmission can be scheduled on different types of TDD slot
· Option 3: 16

	
	30kHz PCell
	8
	Issue 2-3-2:
· Option 1: 8
· Option 2: 6



· Are the numbers in the above table agreeable?
· Further discuss and decide the two open numbers (i.e., issue 2-3-1 and 2-3-2) in this meeting.
· Issue 2-3-1: HARQ process number for 30kHz SCell in TDD 15 kHz + TDD 30 kHz CA
· Issue 2-3-2: HARQ process number for 15kHz SCell in TDD 15 kHz + TDD 30 kHz CA
· Answers to the three questions
· a) The HARQ process number for Pcell is same with that for single carrier test.
· b) Whether initial transmission and retransmission are scheduled on the same type of TDD slot, i.e., DL slot or special slot?
· TBA after issue 2-3-1 and 2-3-2 are resolved.
· c) The UL symbols in special slot is not used for carrying PUCCH
· Decide K1 values after the HARQ process numbers are agreed.

Sub-topic 2-4: Single carrier performance
Issue 2-4: Single carrier performance for TDD-FDD CA and TDD-TDD CA with different SCSs
· Agreement in RAN4 #94e (R4-2002391, WF)
· Further evaluate the single carrier performance with different numbers of HARQ processes.
· Use the HARQ process numbers from table above (in sub-topic 2-3)
· Proposals
· Option 1: Reuse single carrier FDD and TDD requirements for FDD-TDD CA and TDD CA with different SCSs (China Telecom, Huawei, [QC])
· Recommended WF
· Option 1

Sub-topic 2-5: Numerology in each CA duplex mode
Issue 2-5: Numerology in each CA duplex mode
· Agreement in RAN4 #94e (R4-2002391, WF)
· Option 1:
· Test #1: FDD 15 kHz + FDD 15 kHz
· Test #2: FDD 15 kHz + TDD 30 kHz, in case UE supports different SCS on different carriers for FDD-TDD CA, otherwise FDD 15 kHz + TDD 15 kHz
· Test #3: TDD 30 kHz + TDD 30 kHz
· Test #4: TDD 15 kHz + TDD 30 kHz
· Option 2:
· Test #1: FDD 15 kHz + FDD 15 kHz
· Test #2: FDD 15 kHz + TDD 30 kHz, in case UE supports different SCS on different carriers for FDD-TDD CA, otherwise FDD 15 kHz + TDD 15 kHz
· Test #3: TDD 15 kHz + TDD 30 kHz, in case UE supports different SCS on different carriers for TDD-TDD CA, otherwise TDD 30 kHz + TDD 30 kHz
· Proposals 
· Option 1 (CMCC)
· Test #1: FDD 15 kHz + FDD 15 kHz
· Test #2: FDD 15 kHz + TDD 30 kHz, in case UE supports different SCS on different carriers for FDD-TDD CA, otherwise FDD 15 kHz + TDD 15 kHz
· Test #3: TDD 30 kHz + TDD 30 kHz
· Test #4: TDD 15 kHz + TDD 30 kHz
· Option 2 (Intel, QC)
· Test #1: FDD 15 kHz + FDD 15 kHz
· Test #2: FDD 15 kHz + TDD 30 kHz, in case UE supports different SCS on different carriers for FDD-TDD CA, otherwise FDD 15 kHz + TDD 15 kHz
· Test #3: TDD 15 kHz + TDD 30 kHz, in case UE supports different SCS on different carriers for TDD-TDD CA, otherwise TDD 30 kHz + TDD 30 kHz
· Updated Option 2 (Huawei, updated the Test #3)
· Test #1: FDD 15 kHz + FDD 15 kHz
· Test #2: FDD 15 kHz + TDD 30 kHz, in case UE supports different SCS on different carriers for FDD-TDD CA, otherwise FDD 15 kHz + TDD 15 kHz
· Test #3: TDD 30 kHz + TDD 30 kHz, in case UE supports it, otherwise TDD 15 kHz + TDD 30 kHz 
· Recommended WF
· Agree on Test #1 and Test #2
· Further discuss Test #3 and Test #4.

Sub-topic 2-6: CA capabilities
Issue 2-6-1: Categorizing of CA capabilities
· Agreement in RAN4 #94e (R4-2002391, WF)
· 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.
· Companies to bring proposals on the demod spec structure for CA, with the motivation to minimize future maintenance. 
· Proposal
· 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, DCM)
· Option 2: Define different capabilities for intra-band contiguous CA, intra-band non-contiguous CA and inter-band CA. (Huawei)
· Recommended WF
· Is it possible to agree option 1, and whether to test each of the supported capabilities is a separate discussion in issue 2-6-2?

Issue 2-6-2: Test of different CA capabilities
· Agreement in RAN4 #94e (R4-2002391, WF)
· 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.
· 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.
· Proposals
· Option 1: Test intra-band contiguous CA, intra-band non-contiguous CA and inter-band CA with the largest number of bands. (Intel, Huawei)
· Option 2: Test intra-band contiguous CA, intra-band non-contiguous CA and inter-band CA.
· 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. (China Telecom, CMCC, DCM)
· Recommended WF
· Further discuss in the next meeting.

Sub-topic 2-7: Selection of CA configuration(s) and CBW combination 
Issue 2-7: Selection of CA configuration(s) and CBW combination
· Agreement in RAN4 #94e (R4-2002391, WF)
· Further discuss by taking into account:
· The supportedSubCarrierSpacingDL, maxNumberMIMO-LayersPDSCH and  supportedModulationOrderDL are reported for each CC and scalingFactor are reported per band for FR1 and FR2.
· The testable SNR for FR2. 
· Proposals
· Option 1:  Maximum number of CCs (DCM)
· Option 2: Maximum number of bands (DCM)
· Option 3: Maximum aggregated channel bandwidth (DCM)
· Option 4 (China Telecom):
For FR1, for each supported CA duplex mode and each supported CA capability,
· Step 1: Select the CA configuration(s) satisfying the following conditions:
· For each CC, single carrier performance requirement is specified for any one of the supported SCS(s).
· For each CC, the supported maximum modulation order is not lower than 16 QAM.
· For each CC, the supported maximum number of MIMO layers is not lower than 2.
· For each band, the supported max data rate (calculated according to 4.1.2 of TS 38.306) is not lower than the date rate corresponding to using 2-layer and MCS 13 on the largest (aggregated) channel bandwidth on the band.
· Step 2: Select any one of the CA configuration(s) with the largest aggregated CA bandwidth among the selected the CA configuration(s) based on step 1.
For FR2, for each supported CA duplex mode and each supported CA capability, 
· Step 1: Select the CA configuration(s) satisfying the following conditions:
· For each CC, single carrier performance requirement is specified for any one of the supported SCS(s) 
· For each CC, the supported maximum modulation order is not lower than 16 QAM
· For each CC, the supported maximum number of MIMO layers is not lower than 2
· For each band, the supported max data rate (calculated according to 4.1.2 of TS 38.306) is not lower than the date rate corresponding to using 2-layer and MCS 10 on the largest (aggregated) channel bandwidth on the band.
· Step 2: Calculate the largest aggregated CA bandwidth for the selected the CA configuration(s) based on step 1, denoted as CBWlargest.
· Step 3: Calculate the maximum aggregated channel bandwidth that can be testable in the test system, denoted as CBWtestable.
· Step 4:
· If CBWlargest <= CBWtestable, select any one of the CA configuration(s) with the largest aggregated CA bandwidth among the selected the CA configuration(s) based on step 1.
· If CBWlargest > CBWtestable, select any one of the CA configuration(s) with the aggregated channel bandwidth no smaller than CBWtestable among the selected the CA configuration(s) based on step 1.
· Option 5 (Intel)
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.
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.
· Option 6 (HW)
· For intra-band contiguous CA and intra-band non-contiguous CA
· Select any one of the supported CA configurations with the largest aggregated CA bandwidth combination for certain selected CA duplex mode
· If more than one CA configurations with the same largest aggregated CA bandwidth combination, select the CA configurations with the largest number of CCs
· For inter-band CA
· Select any one of the supported CA configurations with the largest number of bands aggregated
· supportedSubCarrierSpacingDL should be considered for CA normal performance requirements
· maxNumberMIMO-LayersPDSCH and  supportedModulationOrderDL reported for each CC and scalingFactor reported per band for FR1 and FR2 should be considered for CA SDR tests and not for CA normal performance requirements
· the testable SNR for FR2 should be considered for CA normal performance requirements
· Recommended WF
· Further discuss in the next meeting.

Sub-topic 2-8: Simulation result summary
Issue 2-8: Summary and calibration of simulation results
· Summary 
· R4-2004554 Summary of Normal CA simulation results (FR1 15 kHz FDD and TDD)
· R4-2004555 Summary of Normal CA simulation results (FR1 30 kHz TDD)
· R4-2004556 Summary of Normal CA simulation results (FR2)
· Recommended WF
· Companies to add their results in the summary
· Calibrate the results from different companies

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

	Huawei, HiSilicon
	Issue 2-1: Rank and MCS for FR2
We still prefer Option 2. In the future, with more and more band combinations to be introduced, how to justify that lead to the highest aggregated TP during the test? With supporting different band combinations among companies and increasing supporting more band combinations for one company, different test cases maybe selected, it will complicate the testing and bring heavy burden to real testing with more and complex band combinations introduced in NR compared to LTE.

Issue 2-2: Pcell configuration for TDD-FDD CA and TDD-TDD CA with different SCSs
Issue 2-2-1: Pcell configuration for performance requirements
As per the evaluations from company, it should be agreeable for RAN4 that same performance requirements as single carrier can be defined for one cell acted as PCell or SCell with different number of HARQ processes, as per our draftCR R4-2003721 to provide the specification structure, performance requirements should be defined for different subcarrier spacing, the main issue is which cell should be configured as the PCell for real testing, i.e. Issue 2-2-2.
Issue 2-2-2: Pcell configuration for the test
Which cell should be configured as PCell should depends on the real deployment request, 15kHz SCS is regarded as FDD typical subcarrier spacing and 30kHz SCS is regarded as TDD typical subcarrier spacing as per the discussion in NR Rel-15, it is natural to configure FDD 15kHz cell as PCell and TDD 30kHz cell as PCell in corresponding CA combination, so we propose Option 4.
Issue 2-3: HARQ process number for TDD-FDD CA and TDD-TDD CA with different SCSs
The number of HARQ process for PCell that is same as single carrier is agreeable for all companies.
The number of HARQ process for SCell depends on the answer to question b) Whether initial transmission and retransmission are scheduled on the same type of TDD slot, i.e., DL slot or special slot? From core specification, no such constraints are imposed for UE implementation, so it is unreasonable we set such constraints in demodulation requirements. In our simulations, we do not set such limitation and did not observe any performance differences as per our results, similar observations from R4-2003185, also no such limitation for NR Rel-15 performance requirements definitions.
Issue 2-3-1: HARQ process number for 30kHz SCell in TDD 15 kHz + TDD 30 kHz CA
TDD 30kHz SCell: 6 or 8 HARQ processes are proposed. From Figure 8 in R4-2000359, we noticed that 6 HARQ processes are analysed, maybe company can confirm. From our analysis, 6 HARQ processes is feasible.
Issue 2-3-2: HARQ process number for 15kHz SCell in TDD 15 kHz + TDD 30 kHz CA
TDD 15kHz SCell: As per the previous agreement, 16 HARQ processes should not be considered.
Issue 2-4: Single carrier performance for TDD-FDD CA and TDD-TDD CA with different SCSs
Fine to the recommended WF.
Issue 2-5: Numerology in each CA duplex mode
Fine to the recommended WF.
Issue 2-6: CA capabilities
Issue 2-6-1: Categorizing of CA capabilities
If company double check the draft specification structure provided by us, Option 2 includes all inter-band CA with different number of bands by using reference to section or tables with CA configurations in RF specification and not explicitly list each of them. If we agree Option 1 for Issue 2-6-2, it is not necessary to explicitly list inter-band CA with different number of bands in the CA capability definition.
Issue 2-6-2: Test of different CA capabilities
We prefer Option 1 and did not find any benefits to use Option 3, if UE is tested with the supported largest number bands for inter-band, what is the benefit to additionally test smaller number of inter-band CA? Also LTE did not test inter-band CA with different number of bands, we would like to understand more about the motivation of Option 3
Issue 2-7: Selection of CA configuration(s) and CBW combination
Fine to discuss it in next meeting after RAN4 agree some other aspects that maybe facilitate this discussion. But we would like to share our initial consideration, we do not think that RAN4 mixes the normal CA performance requirements with SDR test, considering that normal performance requirements are defined for fixed FRC and the discussion of Issue 2-5 for specific CA duplex mode

Updates on 2020-04-22:
Issue 2-1: Rank and MCS for FR2
We still have strong concern on Option 3 considering the complex rules to bring heavy burden to future work and real testing with more and more CA band combinations to be introduced and the testable SNR maybe change in the future and different TE vendors maybe have different testable SNR value, no unified testable SNR value in the mobile telecomm ecosystem, also due to this reason, no specific testable SNR value is captured in TS 38.101-4. 
We shared our evaluations on both Option 1 and Option 2, also shared our analysis based on the submitted results from companies, we strongly want to know the technical reason for Option 1 from supporting company.
Issue 2-6-1:
To China Telecomm: We think which test cases to be tested should be based on the technical analysis, without any intention to reduce the number of test cases on purpose. All of us know that NR has more complex CA band combinations compared to LTE, it is not practical to follow LTE for all test applicability.


	Qualcomm
	Issue 2-1: Rank and MCS for FR2
Ok with recommended WF.
Issue 2-2: Pcell configuration for TDD-FDD CA and TDD-TDD CA with different SCSs
Issue 2-2-1: Pcell configuration for performance requirements
If we agree to reuse single carrier performance for CA, then it doesn’t matter which cell is PCell since requirements will be the same. Then, it doesn’t make sense to define requirements for both PCell. So, this should be decided based on outcome of Issue 2-4.
Issue 2-2-2: Pcell configuration for the test
We prefer Option 3. We can also compromise to Option 1.
Issue 2-3: HARQ process number for TDD-FDD CA and TDD-TDD CA with different SCSs
Issue 2-3-1: HARQ process number for 30kHz SCell in TDD 15 kHz + TDD 30 kHz CA
We prefer Option 1. With option 2, HARQ performance will be impacted.
Issue 2-3-2: HARQ process number for 15kHz SCell in TDD 15 kHz + TDD 30 kHz CA
We prefer Option 1. With option 2, HARQ performance will be impacted.
Issue 2-4: Single carrier performance for TDD-FDD CA and TDD-TDD CA with different SCSs
Ok with recommended WF.
Issue 2-5: Numerology in each CA duplex mode
Ok with recommended WF.
Issue 2-6: CA capabilities
Issue 2-6-1: Categorizing of CA capabilities
We are ok with Option 1 as long as we go with Option 1 in Issue 2-6-2. Otherwise, we prefer Option 2.
Issue 2-6-2: Test of different CA capabilities
Prefer Option 1.
Issue 2-7: Selection of CA configuration(s) and CBW combination
Ok with recommended WF.

	CMCC
	Issue 2-1: Rank and MCS for FR2
OK with the recommended WF.
Issue 2-2: Pcell configuration for TDD-FDD CA and TDD-TDD CA with different SCSs
Issue 2-2-1: Pcell configuration for performance requirements
Maybe we don’t need to discuss this issue if we agree to use the same single carrier requirements. Discussion can be focused on issue 2-2-2 regarding how to configure the PCell for the test.
Issue 2-2-2: Pcell configuration for the test
Support option 2, to configure Pcell with larger number of HARQ processes.

Issue 2-5: Numerology in each CA duplex mode
OK with the recommended WF.  We believe TDD 30KHz +30KHz would be a typical deployment scenario, and TDD 15KHz + TDD 30KHz would be possible in the future when some relative lower TDD bands are refarmed to NR. So we tend to agree with the test 3 in the updated option 2 proposed by Huawei:
· Test #3: TDD 30 kHz + TDD 30 kHz, in case UE supports it, otherwise TDD 15 kHz + TDD 30 kHz 
Issue 2-6: CA capabilities
Issue 2-6-1: Categorizing of CA capabilities
Support option 1 and OK with the recommended WF.
Issue 2-6-2: Test of different CA capabilities
Support option 3. This issue had been discussed in LTE stage when we introduce this scalable approach for CA demodulation. The main reason to test different CA capabilities is that UE implementation could be different. So we support to each all the supported CA capabilities. 


	China Telecom
	Issue 2-1: Rank and MCS for FR2
Support the recommended WF, considering that the issue has been discussed for several meetings.

Issue 2-2: Pcell configuration for TDD-FDD CA and TDD-TDD CA with different SCSs
Issue 2-2-1: Pcell configuration for performance requirements
· For CA with different SCSs, option 1 is agreeable
· For FDD + TDD CA with 15 kHz SCS, since so far we have not found a capability bit to indicate whether the UE support only FDD Pcell or TDD Pcell with the same numerology, both options are ok. 

Issue 2-2-2: Pcell configuration for the test
Option 1 is not very clear to us, and it looks like that UE can decide the PCell configuration to be used in the test.
For option 3 and option 4, with less number of HARQ processes configured in the test, how can we guarantee the demodulation performance if larger HARQ process happens in the real network?
Therefore, option 2 is preferred.

Issue 2-3: HARQ process number for TDD-FDD CA and TDD-TDD CA with different SCSs
Good analyses on HARQ process number are provided in the recent two meetings from different companies. Based on these analyses, it looks to us that the HARQ process numbers in the recommended WF are agreeable.
For the two open numbers:
Issue 2-3-1: HARQ process number for 30kHz SCell in TDD 15 kHz + TDD 30 kHz CA
Support Option 1. 
Issue 2-3-2: HARQ process number for 15kHz SCell in TDD 15 kHz + TDD 30 kHz CA
Support Option 1.

Issue 2-4: Single carrier performance for TDD-FDD CA and TDD-TDD CA with different SCSs
OK with the recommended WF

Issue 2-6: CA capabilities
Issue 2-6-1: Categorizing of CA capabilities
OK with the recommended WF.
In Option 1, the categorization of CA capabilities is aligned with RF specifications, which is very helpful for the maintenance of TS 38.101-4.
Reply to Huawei’s comment: yes, we also think that it is not necessary to explicitly list inter-band CA configurations with different number of bands in TS 38.101-4, and we can refer to the RF spec where different tables are introduced for inter-band CA with different numbers of bands. For example, the following three tables are in Rel-16 version of TS 38.101-1:
Table 5.2A.2-1: Inter-band CA operating bands involving FR1 (two bands)
Table 5.2A.2-2: Inter-band CA operating bands involving FR1 (three bands)
Table 5.2A.2-3: Inter-band CA operating bands involving FR1 (four bands)

In our understanding, the main purpose of option 2 is to reduce the number of capabilities for testing. With clear clarification in the recommended WF that whether to test each of the supported capabilities is a separate discussion, it seems possible to go with option 1.

Issue 2-6-2: Test of different CA capabilities
Support option 3. For LTE, all the supported CA capabilities are tested, including intra-band contiguous CA, intra-band non-contiguous CA and inter-band CA with different numbers of bands.


	Intel
	Issue 2-1: Rank and MCS for FR2
Support recommended WF
Issue 2-2-1 and Issue 2-2-2:
Based 38.306, UE capabilities diffNumerologyWithinPUCCH-GroupLargerSCS and diffNumerologyWithinPUCCH-GroupSmallerSCS have the following descriptions:
· Both: In case of NR CA and EN-DC/NE-DC with one NR PUCCH group, the UE supports different numerologies across NR carriers within the same NR PUCCH group up to two different numerologies within the same NR PUCCH group for data and control channel at a given time. 
· LargerSCS: In case of NR CA with two NR PUCCH groups, the UE supports different numerologies across NR carriers up to two different numerologies within the same NR PUCCH group, wherein NR PUCCH is sent on the carrier with larger SCS for data and control channel at a given time.
· SmallerSCS: In case of NR CA with two NR PUCCH groups, the UE supports different numerologies across NR carriers up to two different numerologies within the same NR PUCCH group, wherein NR PUCCH is sent on the carrier with smaller SCS for data and control channel at a given time.
Based on our understanding, we consider scenario with one PUCCH group and there are no any restrictions from capability point of view whether UE supports PCell with SCS 15 kHz or PCell with SCS 30 kHz (i.e. UE always supports both for scenarios with one PUCCH group).
Same time, we think that Issue 2-2-1 is coupled with Issue 2-2-2
· If we go with Option 1 for Issue 2-2-2 then requirements should be defined for all scenarios, because any scenarios can be tested.
· If we go with Option 2, 3 or 4 for Issue 2-2-2 then, taking into account that UE supports both TDD and FDD PCell or both 15kHz and 30kHz PCell, only one scenario always will be tested (for example, FDD PCell or 30 kHz PCell) and it is not needed to define requirements for another scenarios (i.e. TDD PCell or 15 khz PCell).
Issue 2-3-1: HARQ process number for 30kHz SCell in TDD 15 kHz + TDD 30 kHz CA
We prefer Option 2, because based on our analysis there is no impact on performance in case initial transmission and retransmission are scheduled in same or different type of slots. Same time, Option 1 will lead to more complicate test configuration in comparison to Option 2.
Issue 2-3-2: HARQ process number for 15kHz SCell in TDD 15 kHz + TDD 30 kHz CA
Support Option 1.
Issue 2-4: Single carrier performance for TDD-FDD CA and TDD-TDD CA with different SCSs
Support recommended WF.
Issue 2-5: Numerology in each CA duplex mode
Support recommended WF

	DOCOMO
	Issue 2-1: Agree with Option 3 and our preference is Option 3a.
Issue 2-2-1: Agree with Option 1.
Issue 2-2-2: As some companies mentioned, we also think TDD/FDD cell with typical SCS (e.g. TDD 30kHz) may be a typical candidate as Pcell. In the sense, in TDD-FDD CA, we think that TDD 30kHz cell would be typical for Pcell. However, it is worth noting that some NR re-farmed band cannot be configured as Pcell. Thus, in such case, FDD cell may also be needed to be configured as Pcell. In this situation, we think we need more discussion on this. 
Issue 2-3: We agree to follow the proposed aspects that the HARQ timing for PCell is same as for Single Carrier. Although we proposed Option 2 (6 HARQ process) for the CA case of FDD Pcell 15 kHz + TDD SCell 30 kHz at the last meeting, based on internal analysis, we agree to support Option 1 (4 HARQ process) for the case so we can quickly agree with Option 1 (4 HARQ process) for the CA case of FDD Pcell 15 kHz + TDD SCell 30 kHz.
Issue 2-3-1: We have no strong preference.
Issue 2-3-2: We have no strong preference.
Issue 2-4: We agree with the recommended WF.
Issue 2-5: Our preferred options is as follows.
· Test #1: FDD 15 kHz + FDD 15 kHz
· Test #2: FDD 15 kHz + TDD 30 kHz, in case UE supports different SCS on different carriers for FDD-TDD CA, otherwise FDD 15 kHz + TDD 15 kHz
· Test #3: TDD 30 kHz + TDD 30 kHz, in case UE supports it, otherwise TDD 15 kHz + TDD 30 kHz
Basically, we agree with recommended WF but let me make a small clarification. We are not sure the intention of “in case UE supports different SCS on XXX”. Is it intended to refer any specific UE capability signalling on the reception of different numerology? If not, for us, it is more clear to say “in case UE supports it” instead.
Issue 2-6-1: We agree with the recommended WF.
Issue 2-6-2: Agree with Option 3. We are not sure whether UE implementation such as baseband signal processing is the same for different CA capabilities. Therefore, from the concern, we think that it is natural to test all the supported CA capabilities. 
Issue 2-7: We agree with the recommended WF.


 
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

	R4-2003721, Huawei, HiSilicon
	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 

	Topic#2
	Tentative agreements and Candidate options:
· Issue 2-1: Rank and MCS for FR2
· Option 1: rank 2 and MCS 10 (CTC, QC)
· Option 2: rank 1 and MCS 13 (Huawei)
· Option 3: Define requirements for both option 1 and option 2, and test only one which leads to the testing of scenarios with the highest aggregated throughput. The detailed rule to select the FRC for testing will be discussed together with the discussion on Selection of CA configuration(s) and CBW combination in issue 2-7. (QC, CMCC, CTC, Intel, DCM)
· Issue 2-2: Pcell configuration for TDD-FDD CA and TDD-TDD CA with different SCSs
· Issue 2-2-1: Pcell configuration for performance requirements
· Option 1: Reuse single carrier performance for CA, and no matter which cell is Pcell for the requirements. Focus on issue 2-2-2. (QC, HW, CMCC)
· Option 2 (CTC, DCM): 
· For CA with different SCSs, define requirements for both 15kHz Pcell and 30kHz Pcell.
· For FDD + TDD CA with 15 kHz SCS, define requirements for both FDD 15 kHz Pcell and TDD 15 kHz Pcell
· Option 3 (Intel): 
· If we go with Option 1 for Issue 2-2-2 then requirements should be defined for all scenarios, because any scenarios can be tested.
· If we go with Option 2, 3 or 4 for Issue 2-2-2 then, taking into account that UE supports both TDD and FDD PCell or both 15kHz and 30kHz PCell, only one scenario always will be tested (for example, FDD PCell or 30 kHz PCell) and it is not needed to define requirements for another scenarios (i.e. TDD PCell or 15 khz PCell).
· Issue 2-2-2: Pcell configuration for the test
· Option 1: The test coverage can be considered fulfilled if UE passes one of scenario with one of the CC as PCell as per the real testing request (QC)
· Option 2: If Pcell in both carriers are supported, configure TDD cell as Pcell in TDD-FDD CA, configure 15 kHz SCS cell as Pcell in TDD 15+30kHz SCS CA. (scenarios with larger number of HARQ processes). (China Telecom, CMCC)
· Option 3: If Pcell in both carriers are supported, configure FDD cell as Pcell in TDD-FDD CA, configure 30 kHz SCS cell as Pcell in TDD 15+30kHz SCS CA. (scenarios with less number of HARQ processes) (QC)
· Option 4: If PCell in both carriers are supported, configure FDD 15kHz cell as PCell in FDD 15kHz + TDD 15kHz CA, configure 30kHz SCS cell as PCell in both FDD 15kHz + TDD 30kHz CA and TDD 15kHz + TDD 30kHz CA (Huawei) 
· Issue 2-3: HARQ process number for TDD-FDD CA and TDD-TDD CA with different SCSs
· Tentative agreement: agree on the HARQ process number in the following table, and further discuss issue 2-3-1 and issue 2-3-2 in the 2nd round.
	HARQ process number
	CCs with the same duplex mode & SCS with Pcell
	CCs with different duplex mode / SCS with Pcell

	FDD 15 kHz + 
TDD 30 kHz CA
	FDD PCell
	4
	8

	
	TDD PCell
	8
	8

	FDD 15 kHz + 
TDD 15 kHz CA
	FDD PCell
	4
	4

	
	TDD PCell
	8
	8

	TDD 15 kHz + 
TDD 30 kHz CA
	15kHz PCell
	8
	Issue 2-3-1:
· Option 1: 12, different RTTs (10 or 20 slots) are used for different HARQ processes, and initial transmission and retransmission are scheduled on the same type of TDD slot.
· Option 2: 12, initial transmission and retransmission can be scheduled on different types of TDD slot

	
	30kHz PCell
	8
	Issue 2-3-2:
· Option 1: 8
· Option 2: 6



· Issue 2-3-1: HARQ process number for 30kHz SCell in TDD 15 kHz + TDD 30 kHz CA
· Option 1: 12, different RTTs (10 or 20 slots) are used for different HARQ processes, and initial transmission and retransmission are scheduled on the same type of TDD slot. (QC, CTC)
· Option 2: 12, initial transmission and retransmission can be scheduled on different types of TDD slot (HW, Intel)
· Issue 2-3-2: HARQ process number for 15kHz SCell in TDD 15 kHz + TDD 30 kHz CA
· Option 1: 8 (QC, CTC, Intel)
· Option 2: 6 (HW)
· Answers to the three questions
· a) The HARQ process number for Pcell is same with that for single carrier test.
· b) Whether initial transmission and retransmission are scheduled on the same type of TDD slot, i.e., DL slot or special slot?
· Yes (China Telecom, QC)
· Yes in case using of such assumptions does not contradict with some agreements (Intel)
· No need to make such constraints, based on our simulation results (Huawei, [Intel])
· c) The UL symbols in special slot is not used for carrying PUCCH
· Decide K1 values after the HARQ process numbers are agreed.
· Issue 2-4: Single carrier performance for TDD-FDD CA and TDD-TDD CA with different SCSs
· Tentative agreement: Reuse single carrier FDD and TDD requirements for FDD-TDD CA and TDD CA with different SCSs (China Telecom, Huawei, QC, Intel, DCM)
· Issue 2-5: Numerology in each CA duplex mode
· Tentative agreements on Test #1 and Test #2:
· Test #1: FDD 15 kHz + FDD 15 kHz
· Test #2: FDD 15 kHz + TDD 30 kHz, in case UE supports different SCS on different carriers for FDD-TDD CA, otherwise FDD 15 kHz + TDD 15 kHz
· DCM: let me make a small clarification. We are not sure the intention of “in case UE supports different SCS on XXX”. Is it intended to refer any specific UE capability signalling on the reception of different numerology? If not, for us, it is more clear to say “in case UE supports it” instead.
· Candidate options for Test #3 and Test #4 (if exists):
· Option 1 (CMCC)
· Test #3: TDD 30 kHz + TDD 30 kHz
· Test #4: TDD 15 kHz + TDD 30 kHz
· Option 2 (Intel, QC)
· Test #3: TDD 15 kHz + TDD 30 kHz, in case UE supports different SCS on different carriers for TDD-TDD CA, otherwise TDD 30 kHz + TDD 30 kHz
· Updated Option 2 (updated the Test #3) (Huawei, CMCC, DCM)
· Test #3: TDD 30 kHz + TDD 30 kHz, in case UE supports it, otherwise TDD 15 kHz + TDD 30 kHz 
· Issue 2-6: CA capabilities
· Issue 2-6-1: 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, DCM, QC)
· Option 2: Define different capabilities for intra-band contiguous CA, intra-band non-contiguous CA and inter-band CA. (Huawei, QC)
· Issue 2-6-2: 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, Huawei, QC)
· Option 2: Test intra-band contiguous CA, intra-band non-contiguous CA and inter-band CA.
· 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. (China Telecom, CMCC, DCM)
· Issue 2-7: Selection of CA configuration(s) and CBW combination
· Further discuss in the next meeting.

Recommendations for 2nd round:
Further discuss the candidate options above.



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

	#1
	Way forward on PDSCH CA normal demodulation requirements
	Intel Corporation



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)

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”



Topic #3: UE	PMI reporting requirements with larger number of Tx ports
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2004899 (R4-2002951)
	China Telecom
	Simulation results

	R4-2004921 (R4-2002973)
	Samsung
	In this contrition, the view on requirement of PMI reporting with type I single-panel codebook. Meanwhile, the simulation results are provided.
Proposal 1: From the essential feature and test coverage perspective, introducing the performance with subband PMI requirement for 16Tx port with functionality test is needed.

	R4-2004922 (R4-2002974)
	Samsung
	Proposal 1: It is not feasible release independence for PMI reporting requirements for Rel-15 type II codebook
Proposal 2:  Only define the PMI requirement of Rel-15 type II codebook with 16 Tx ports (N1,N2) =(4,2),(O1,O2)=(4,4)
Proposal 3:  Define the PMI requirement of Rel-15 type II codebook construction as
· phaseAlphabeSize:  Npsk= 4
· subbandAmpltitude: false
· numberOfBeams:  L=2 
Proposal 4:  Use the test metric with TP ratio between following PMI with type II codebook and random PMI with type II codebook
Proposal 5:  Define the PMI requirement of Rel-15 type II codebook with MCS 20 Rank 2 under XP medium correlation model
Proposal 6: If we choose TP ratio between following PMI and random PMI as the test metric, we’d better to definite wideband PMI feedback, because the SNR point at 90% of peak throughput is difficult to be achieved under the subband random PMI case.

	R4-2003692
	Huawei, HiSilicon
	Simulation results

	R4-2003693
	Huawei, HiSilicon
	Proposal 1: Not to define Subband PMI requirements for 16Tx ports and covers 16 Tx port requirements with Wideband PMI 
Proposal 2: Prefer only introduce 16 Tx ports requirements for Type II codebook
Proposal 3: Prefer option1, (N1, N2) = (4, 2) and (O1, O2) = (4, 4) for 16 Tx ports
Proposal 4: Use MCS 20 and Rank = 2
Proposal 5: Prefer option 2, using TP ratio between following PMI and random PMI as Test metric
Proposal 6: MIMO correlation: XP High
Proposal 7: Channel model: TDLA30-5
Proposal 8: Reuse beam steering approach with dual-cluster beams as specified in B.2.3B.4A of TS 36.101

	R4-2003822
	Ericsson
	Proposal 1: Use Equation 1 as beam steering model for Type II codebook performance requirements.
Equation 1 Multi-cluster beam steering model
	
And the steering matrix is further expressed as following:


where
-	,  are independent channels for the first beam and the consecutive i beams with the Nr xNt channel matrix per subcarrier.
- 	 is the relative power difference from the first beam.

-	, are the steering matrix for first beam and consecutive i number of beams

-	 is the steering matrix in first dimension with same polarization,

-	 is the steering matrix in second dimension with same polarization,

-	 is the number of antenna elements in first dimension with same polarization,

-	 is the number of antenna elements in second dimension with same polarization,



Observation 1: Gain metric Follow Type II PMI over Random Type II PMI does not verify that L number of beams are transmitted for MU-MIMO support.
Observation 2: there is marginal gain when comparing SP Type I with Type II codebook with the current SU-MIMO based test setup.
Observation 3: Gain test metric γ by following Type II PMI over SP Type I PMI does see marginal gain for few channel models and channel correlations.
Proposal 2: RAN4 strives to consider the multi-user scheduling for the type-II PMI reporting test. 
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.

	R4-2003823
	Ericsson
	Simulation results
Observation 1: PMI reporting throughput curves do not differ between wideband and Subband PMI reporting.

	R4-2003824
	Ericsson
	Summary of simulation results of NR UE CSI PMI with 16, and 32Tx antennas

	R4- 2004427
	Qualcomm Incorporated
	Proposal 1: Define subband Type -I PMI reporting requirements for 16 Tx ports.
Proposal 2: Define Type II PMI reporting requirements with N_PSK = 8 and subbandAmplitude = true
Proposal 3: Define Type II PMI reporting requirements for only 32Tx ports.
Proposal 4: Define Type II PMI reporting requirements for XP High MIMO correlation.
Proposal 5: Define Type II PMI reporting requirements with test metric of throughput ratio between following PMI and random PMI.
Proposal 6: Use subband PMI reporting for defining Type II PMI reporting tests.



Open issues summary
Sub-topic 3-1: Subband PMI for type I
Issue 3-1: Whether to introduce subband PMI test for type I single-panel codebook
· Agreement in RAN4 #94e (R4-20002393, WF)
· Subband PMI requirements for 16 Tx ports 
· Option 1: Introduce subband PMI requirements for 16 Tx ports
· Option 2: Not introduce subband PMI requirements for 16 Tx ports (Set 16Tx port requirements with Wideband PMI)
· Proposals
· Option 1: Introduce subband PMI requirements for 16 Tx ports (Samsung, Qualcomm)
· Option 2: Not introduce subband PMI requirements for 16Tx ports and covers 16 Tx port requirements with wideband PMI (Huawei)
· Recommended WF
· TBA based on the 1st round email discussion.

Sub-topic 3-2: Simulation result summary for type I
Issue 3-2: Summary and calibration of simulation results for type I codebook
· Summary 
· R4-2003824	Summary of simulation results of NR UE CSI with 16, and 32Tx antennas
· Recommended WF
· Companies to add their results in the summary
· Calibrate the results from different companies

Sub-topic 3-3: Codebook construction for type II
Issue 3-3-1: Codebook construction for type II
· Agreement in RAN4 #94e (R4-20002393, WF)
· Option 1: 16Tx ports (N1,N2) = (4,2), (O1, O2) = (4,4) 
· Option 2: 32Tx ports (N1,N2) = (4,4), (O1, O2) = (4,4)
· Option 3: Option 1, and Option 2
· Other options not precluded
· Proposals
· Option 1: 16Tx ports (N1, N2) = (4,2), (O1, O2) = (4,4) (Samsung, Huawei)
· Samsung: only 16 Tx port requirements are specified with considering the test complexity, especially the number of required individual MIMO channel faders.
· Huawei: it will be more complicated to test 32 Tx ports 
· Option 2: 32Tx ports (N1, N2) = (4,4), (O1, O2) = (4,4) (Qualcomm)
· QC: 32Tx ports provide much better throughput ratios compared to 16Tx ports
· Recommended WF
· TBA based on the 1st round email discussion.

Issue 3-3-2: L (numberOfBeams) for type II codebook construction
· Agreement in RAN4 #94e (R4-20002393, WF)
· Option 1: 2
· Other options are not precluded
· Proposals
· Option 1: 2 (Samsung)
· Recommended WF
· TBA based on the 1st round email discussion.

Issue 3-3-3: Npsk  (phaseAlphabetSize) for type II codebook construction
· Agreement in RAN4 #94e (R4-20002393, WF)
· Option 1: 4
· Option 2: 8
· Proposals
· Option 1: 4 (Samsung)
· Option 2: 8 (Qualcomm)
· QC: N_PSK = 8 provide better throughput ratios.
· Recommended WF
· TBA based on the 1st round email discussion.

Issue 3-3-4: subbandAmplitude for type II codebook construction
· Agreement in RAN4 #94e (R4-20002393, WF)
· Option 1: False
· Option 2: True
· Keep open until the next meeting
· Proposals
· Option 1: False (Samsung)
· Samsung: TDLA30-5 is agreed to specify the type II codebook requirement, the frequency selective is no obvious. The expected gain with subband is minor.
· Option 2: True (Qualcomm)
· QC: subbandAmplitude = true provide better throughput ratios.
· Recommended WF
· TBA based on the 1st round email discussion.

Sub-topic 3-4: PMI-FormatIndicator for type II 
Issue 3-4: PMI-FormatIndicator for type II codebook
· Proposals 
· Option 1: Wideband if TP ratio between following PMI and random PMI is chosen as the test metric (Samsung)
· Samsung: the SNR point at 90% of peak throughput is difficult to be achieved under the subband random PMI case.
· Option 2: Subband (Qualcomm)
· QC: it makes more sense to have Subband PMI reporting so that this codebook can be used to its full potential.
· Recommended WF
· TBA based on the 1st round email discussion.

Sub-topic 3-5: Channel model for type II
Issue 3-5-1: Propagation condition for type II codebook
· Agreement in RAN4 #94e (R4-20002393, WF)
· Option 1: TDLA30-5
· Use option 1 as baseline, and not preclude other options
· Proposals
· Option 1: TDLA30-5 (baseline in RAN4 #94e, Huawei)
· Recommended WF
· Can we confirm to use option 1?

Issue 3-5-2: MIMO correlation for type II codebook
· Agreement in RAN4 #94e (R4-20002393, WF)
· Option 1: XP High
· Option 2: XP Medium
· Other options are not precluded
· Proposals
· Option 1: XP High (Huawei, Qualcomm)
· Huawei: prefer to reuse the configuration in Type I codebook tests so that the simulation results can be comparable.
· QC: We have defined other PMI reporting tests with XP High correlation and based on our simulation results, XP High provides better performance than XP Medium correlation.
· Option 2: XP Medium (Samsung)
· Samsung: For XP High correlation, the gap between following PMI and random PMI is so remarkable that it is not suitable to define the TP ratio index.
· Recommended WF
· TBA based on the 1st round email discussion.


Sub-topic 3-6: MCS and rank for Type II 
Issue 3-6: MCS and rank for Type II Codebook
· Agreement in RAN4 #94e (R4-20002393, WF)
· Option 1: MCS20 (64QAM ½), Rank2
· Other options are not precluded
· Proposals
· Option 1: MCS 20, rank 2 (Samsung, Huawei)
· Recommended WF
· Use option 1 as baseline.


Sub-topic 3-7: Beam steering model for Type II 
Issue 3-7: Beam steering model for Type II Codebook
· Agreement in RAN4 #94e (R4-20002393, WF)
· Option 1: Reusing beam steering approach with dual-cluster beams as specified in B.2.3B.4A of TS 36.101:
· Relative power ratio among two beams can be fixed as 1 (p =1)
· Use option 1 as baseline, and not preclude modification/other option for coming meetings.
· Other options not precluded
· Proposals
· Option 1: Reusing beam steering approach with dual-cluster beams as specified in B.2.3B.4A of TS 36.101 (Huawei)
· Option 2: Use below equation as beam steering model for Type II codebook performance requirements. (Ericsson)
· Reuse of the dual-cluster beam steering model from 36.101 Annex B.2.3B.4A. w.r.t modifications adapted to support L number of beams the model can thus be extrapolated to Equation 1
	
And the steering matrix is further expressed as following:


where
-	,  are independent channels for the first beam and the consecutive i beams with the Nr x Nt channel matrix per subcarrier.
- 	 is the relative power difference from the first beam.

-	, are the steering matrix for first beam and consecutive i number of beams

-	 is the steering matrix in first dimension with same polarization,

-	 is the steering matrix in second dimension with same polarization,

-	 is the number of antenna elements in first dimension with same polarization,

-	 is the number of antenna elements in second dimension with same polarization,



· Recommended WF
· Companies to review the two options above
· TBA based on the feedback from more companies 

Sub-topic 3-8: Test metric for type II 
Issue 3-8: Test metric for type II codebook
· Agreement in RAN4 #94e (R4-20002393, WF)
· Option 1: TP ratio between following PMI with Type II codebook and following PMI with Type-I single panel codebook
· Option 2: TP ratio between following PMI and rand PMI
· Other options are not precluded
· Proposals
· Option 1: TP ratio between following PMI with Type II codebook and following PMI with Type-I single panel codebook
· Option 2: TP ratio between following PMI and rand PMI (Samsung, Huawei, Qualcomm)
· Samsung: 
· Both type I single panel with large antenna ports and type II codebook are the optional UE feature.
· There is almost no gain for Type II vs. Type I under XP High channel correlation model.
· In 16x2 rank1 XP Medium channel correlation model, the gains between Type II and Type I are 1.6dB for 70% of peak throughput and 2.1dB for 90% of peak throughput respectively. 
· In 16x2 rank2 XP Medium channel correlation model, gains between Type II and Type I are 1.1dB for 70% of peak throughput and 1.7dB for 90% of peak throughput respectively.
· HW: Type II codebook should keep some independence
· QC: not combine the performance of some other codebook with the performance of this codebook
· Option 3: MU-MIMO test setup comparing type II codebook with type I. (Ericsson) 
· Recommended WF
· TBA based on the 1st round email discussion.
· 


Sub-topic 3-9: Multi-user scheduling for type II 
Issue 3-9: Multi-user scheduling for type II codebook
· Proposals 
· Option 1: Consider the multi-user scheduling for the type-II PMI reporting test (Ericsson, R4-2003822)
· 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. 
· Test parameters for Type II codebook may need to be tuned to properly suit MU-MIMO based test setup proposed
· Recommended WF
· Encourage feedback on the above proposal.


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

	Huawei, HiSilicon
	Type I codebook
Issue 3-1: Whether to introduce subband PMI test for type I single-panel codebook
The previous agreements should be respected by all companies involved in the discussion, otherwise any company can revert the previous agreement, then how to proceed RAN4 work?
To Samsung, the simulation results for 16Tx (wideband and subbamd) submitted in this meeting are much different from the one in last meeting. Since the simulation assumptions for Type I are hardly updated, we would like to know the reasons for your changes if possible. We also would like to know the channel model you’ve used in your simulation for 16Tx. Also, there are great gaps between the results for 32 Tx ports submitted in this meeting compared to the one in last meeting with the same simulation assumptions. 
To Ericson, as your paper said, there is no difference between wideband and subband in performance. So basically if we somehow agree to introduce subband requirements, we are definitely against previous Way forward agreements. Performance requirements defined by RAN4 cannot cover all features defined by core specification, otherwise RAN4 does not need to discuss which scenarios need to be defined. 
As mentioned by one company that RAN1 has already discussed this issue and we don’t deny the gain of subband over wideband to some extent. Firstly we would like to indicate that no common simulation assumptions in RAN1 for the submitted evaluation. Secondly all interesting companies in RAN4 have evaluated this based on the same simulation assumptions, no performance gain or minor performance gain are observed by companies, we should discuss based on RAN4 results. 
Type II codebook
Issue 3-3-1: Codebook construction for type II
 For the number of Tx port, we would prefer option 1, which is 16 Tx ports. We think that when desiging test cases, good performance like better throughput ratio is one of the factors that needs to be considered but not the only one. Others like test complexity, or applicable scenarios are also significant. As for the 32 Tx ports, it has much greater complexity than 16 Tx ports since the parameters are doubled. So for the functional test of Type II codebook, option 1 is easier for testing. 
Issue 3-3-2: L (numberOfBeams) for type II codebook construction
 Prefer option 1: 2
Issue 3-3-3: Npsk  (phaseAlphabetSize) for type II codebook construction
 Prefer option 1: 4
Issue 3-3-4: subbandAmplitude for type II codebook construction
 Prefer option 1: False
Issue 3-4: PMI-FormatIndicator for type II codebook
 Prefer option 2: Wideband
Issue 3-7: Beam steering model for Type II Codebook
 We would like to clarify that our proposal is to reuse the beam steering model with dual-cluster beams as specified in B.2.3B.4A of TS 36.101 as a starting point, which is to say that making reasonable modifications or extensions on top of it to adapt to the Type II codebook with L number of beams is encouraged. So actually option 1 can be removed as it is agreed to be the baseline if our understanding is right. We can discuss any proposed modification/extension to the dual-cluster beam model as a new option like the one proposed by Ericsson.

Updates on 2020-04-22:
Issue 3-1: To Qualcomm, based on your comments of ‘Based on our simulations,we do see gains in case of SB PMI reporting’, a question has been raised that how to define the ‘gain’, and how much difference needs to be reached to be considered as gain? Here we share the results by Qualcomm and 0.42 gap has been captured in PMI ratio (R4-2004427). 
[image: ]
Also, we are very curious about the big difference between the simulation results from this meeting and the ones from the last meeting. Here we share the results by Qualcomm submitted in last meeting (R4-2002041):
[image: ]
We can see that rather smaller gap between subband with wideband of 4Rx, and conclusion of ‘PMI ratio are similar for both WB and SB PMI’ had been made in your paper, which we can interpret it to ‘no gain’, can we?
Issue 3-3-1: To Ericsson, in Type I codebook test case design, both 16 Tx ports and 32 Tx ports have been introduced. Thus we think the coverage has already been fulfilled. In Type II codebook testing, more attention need to be paid on functionality rather than coverage. Considering the complexity of increased candidate codebooks, we prefer to define requirements for 16 Tx ports only.
Issue 3-7: We would prefer to extend the LTE beam steering model to L beams. Although we might define requirements based on 2 beams, as shows in issue 3-3-2, the beam steering model for Type II codebook should be suitable for more beams like 4 that is supported in the Rel-15. Moreover, the extended model can be used in Rel-16 eMIMO and configured L = 6 easily, which at least reduces one variable when making comparison with the performance of Rel-15 Type II codebook. 
Issue 3-9: We think much more workload and difficulty will be introduced if we consider the scenario of multi-user. Also, UE behaviours will not be different whether there is another UE or not. Thus, we prefer not to consider the multi-user scheduling.

	Samsung
	Type I codebook
Issue 3-1:
We prefer option 1 from the test coverage perspective 
Regarding the requirements of PMI reporting, both wideband and subband can be supported for type I single-panel codebook with 16 ports, which belongs to UE optional feature with capability signaling. NR type I single –panel codebook is similar with LTE Rel-13 class A codebook with one beam. In LTE, both wideband and subband PMI requirements are specified, while only wideband requirement is introduced. In order to provide the comparable test coverage with LTE, subband PMI requirement should be considered
Regarding the gain of achieved by subband compared with wideband, it is pending on the channel condition and codebook structure. For XP high correlation, it may be caused by channel beam energy concentrated in one cluster. Therefore, with configured wideband or subband can catch the determinant beam direction, which results in the achieved gain is not obvious. 
Meanwhile, based on the codebook structure, as agreed, the codebook with parameter “codebookMode = 1”is applied, where the subband parameter i2 can only be chosen with 0 or 1, with limited candidate set.
From the codebook design, RAN1 has already a lot of discussion and the gain is already verified. Since sub-band PMI is very essential feature, from functionality test perspective, it is necessary to define some requirement to verify the proper UE behaviour.
Type II codebook
Issue 3-3-1
We prefer only 16 Tx ports
NR Rel-15 Type II codebook is the extension of LTE Rel-14 advanced codebook which they share similar codebook structure. It’s better that we can align the number of Tx ports with PMI test case of LTE eFD-MIMO advanced codebook to provide comparable performance. In LTE Rel-14 eFD-MIMO WI, 16 tx ports was used for PMI test case with advanced codebook. 
Meanwhile, the test complexity especially the number of required individual MIMO channel faders also needs to be considered when we decide number of Tx ports. As mentioned, type II codebook is multi-beam combination. As analysed in our contribution, we summarized number of independent MIMO faders required for different PMI test. If we consider with 32Tx ports with 2 beams, the number of faders is around 256 for 4Rx.
From the performance perspective. Normally, with configured with large number of antenna port, due to the number of candidate of codebook is more, then,  the random PMI cannot fit the channel with high possibility compared with 16Tx port, which will result the effective throughput is very low and the related TP ratio maybe not valid.
Then, it is not feasible to design the proper test cases with TP ratio of following PMI and random PMI.
As indicated in QC contribution, with 32 Tx ports, the TP ratio is around with 20 for 4Rx, the gain is so remarkable that it is not suitable to define the TP ratio index.

Issue 3-3-3
We prefer to option 1, 
This parameter is to indicate the phase coefficient with 2L wideband amplitude, where the phase coefficients are quantized to Npsk levels (RRC configured) or 4 levels (fixed).
 As indicated QC contribution, the PMI ratio is so remarkable up to 20 that it is not suitable to define the TP ratio index when Npsk =8. 
In that sense, we prefer to fixed as 4 to design the proper test

Issue 3-3-4
We prefer to option 1, 
TDLA30-5 is agreed to specify the type II codebook requirement, the frequency selective is no obvious. The expected gain with subband is minor for following PMI requirement.
As indicated with QC contribution, the performance for following PMI, the SNR for 90% is almost same whether subband Amplitude is true of false. The TP ratio is improved, the reason is that the number of candidate codebook is increasing with subbandAmplitue =true. More parameters is needed for random PMI.  The random PMI cannot fit the channel with high possibility compared with 16Tx port, which will result in the effective throughput is very low. 
In that sense, we prefer to option 1to design the proper test

Issue 3-4
We prefer option1 
TDLA30-5 is agreed to specify the type II codebook requirement, the frequency selective is no obvious. The expected gain with subband is minor for following PMI requirement.
Based on our results, there is no gain compare with wideband and subband for following PMI. Meanwhile. the SNR point at 90% of peak throughput is difficult to be achieved under the subband random PMI case,  

Issue 3-5-2
We prefer to option 2
From comparable the type I codebook requirement aspect,  as indicated in our contribution, there is almost no gains for type II vs type I under XP high correlation channel
In 16x2 rank2 XP Medium channel correlation model, gains between Type II and Type I are 1.1dB for 70% of peak throughput and 1.7dB for 90% of peak throughput respectively, which can verify the benefit of type II codebook
As mentioned, type II is multi-beam structure, in our view, the propagations from multiple dominant clusters are rich in XP medium correlation (or low correlation) channel, which lead to the dominant eigenvectors can be much better represented by a basis of multiple DFT vectors which exist in Type II codebook
For XP High correlation, the gap between following PMI and random PMI is so remarkable that it is not suitable to define the TP ratio index. It may be caused by the channel beam energy concentrated in one cluster under the XP High channel state. And then it is difficult to catch the main beam direction for the random PMI cases.

Issue 3-7
We are fine with option 1 and option 2.  Considering NR eMIMO is also discussing the beam steering model, the same model with extending to 4 beams will be used most likely.
As for Rel-15 type II test, the value of number of beam should be indicated as 1 and  the relative power difference is fixed as 1

Issue 3-8
We prefer option 2, based on our simulation results, it is feasible to define the metric with following PMI and random PMI
Issue 3-9
We prefer to not consider the multi-user scheduling for PMI reporting test. The similar issue is proposed for Rel-16 eMMO,
From network configuration aspect, it’s not excluded the case CSI-RS colliding with data/RSs from neighbouring cells. While from UE receiver process perspective, there is no difference with/without interference from neighbouring cells. If suffering non-negative performance loss, reasonable network scheduling should try to immigrate the performance loss by flexible configuration i.e. ZP-CSI-RS protection.
From the test aspect, how does gNB beamform the MU-MIMO? UE MU-MIMO receiver will be mixed within the test?
From test case applicability aspect, if RAN4 agreed to cover this scenario by test cases, these test cases should be applied to all UEs considering test coverage issue.
Generally, it’s a network configuration issue which is not relevant to the features itself. We prefer not to discuss the issue, it is out of scope of WID, if needed, it can be discussed in TEI 15 WI.

	Ericsson
	Type I codebook
Issue 3-1: Whether to introduce subband PMI test for type I single-panel codebook
We are ok with either option 1, or option 2. As Huawei pointed out in the WF we agreed to set requirements under subband if and only if there is an observed performance gain from subband pmi reporting compared to wideband. Since some companies show gain with subband pmi reporting we ask how we can interpret the agreed WF decision based on companies’ simulations? 
Type II codebook
Issue 3-3-1: Codebook construction for type II
 For Type II codebook we think 32Tx ports should provide better coverage of functionality, thus we support option 2.
Issue 3-3-2: L (numberOfBeams) for type II codebook construction
For number of beams we think that 2 beams should be enough to cover Rel-15 Type II codebook.
Issue 3-3-3, through Issue 3-6: type II codebook construction, propagation conditions, channel correlation: 
For MU-MIMO based test setup, we’d prefer to further check what codebook construction and parameter setup is best suited to see performance benefits. 
Issue 3-7: Beam steering model for Type II Codebook
Both Option 1, and Option 2 are essentially the same model. Our option proposes to extend the LTE model to support up to L=4 beams which are supported in the Rel-15 Type II codebook. It is also easily extended to support up to L=6 beams supported in Rel-16 Type II codebook. We should define beam steering model based on the supported number of beams the codebook can support, not define models based on our configured RAN4 test cases. Furthermore, if we define this beam steering model, then we can reuse it for eMIMO WI for Rel-16 Type II codebook. 
Issue 3-8 & Issue 3-9: Test metric for type II codebook
For test metric we’d prefer to align this with the multi-user based scheduling for type II covered in issue 3-9. The reason being that the main benefit of type II over type I is the support of spacial domain multiplexing transmission schemes with the support of multiple beams. Thus, the overall system throughput is considered. For transmission purpose we think that suppressing interference of a co-scheduled UE should properly showcase the performance benefits for Type II codebook. Simply reusing Type I test metrics, and test setup has been shown by companies to see small or marginal performance benefits over Type I codebook. Therefore, we think the metric should be evaluating performance requirements with type II over type I with MU-MIMO based setup proposed in our paper. 
Regarding the optional feature support of 16 or 32Tx ports for type I, and optional support for type II codebook we think that UEs supporting 16 or 32 port type II codebook will most likely also support type I for the same number of Tx ports correspondingly.
Others:

	Qualcomm
	Type I codebook
Issue 3-1: Whether to introduce subband PMI test for type I single-panel codebook
Prefer Option 1. Based on our simulations,we do see gains in case of SB PMI reporting.
Type II codebook
Issue 3-3-1: Codebook construction for type II
We are ok to compromise to 16Tx ports to reduce the number of faders. But, we don’t agree with Samsung that it is not suitable to define the tests for 32Tx ports.
Issue 3-3-2: L (numberOfBeams) for type II codebook construction
Ok with Option 1.
Issue 3-3-3: Npsk  (phaseAlphabetSize) for type II codebook construction
We prefer Option 2. Based on our simulations, it is suitable to define the tests for NPSK = 8. Thpt with random PMI is not that small. Also, based on RAN1 discussion, higher PSK is more suitable in practice because it can better accommodate quantization error and provides better performance.
Issue 3-3-4: subbandAmplitude for type II codebook construction
We prefer Option 2 as it provides better performance based on our simulations.
Issue 3-4: PMI-FormatIndicator for type II codebook
Prefer Option 2. Simulation results in our paper are based on subband PMI reporting and we don’t see any issues as mentioned by Samsung. Type II PMI report also has a subband component to it and if we don’t define it with subband reporting, we are not using Type II codebook to its full potential. Also, that will make it easier for a fair comparison with Rel-16 eType II because RAN1 decided not to allow WB reporting for eType II.
Issue 3-5-1: Propagation condition for type II codebook
Ok with Option 1.
Issue 3-5-2: MIMO correlation for type II codebook
Prefer Option 1.
Issue 3-6: MCS and rank for Type II Codebook
Ok with recommended WF.
Issue 3-7: Beam steering model for Type II Codebook
We prefer Option 1. We don’t want to mix the number of beams parameter in the codebook and number of beams in beamsteering model. In practice, it doesn’t make sense for UE to receive more than 2 independent beams, so we prefer not to extend the LTE beamsteering model to more beams.
Issue 3-8: Test metric for type II codebook
We prefer Option 2.
Issue 3-9: Multi-user scheduling for type II codebook
Here, we are trying to verify UE processing and UE will not be aware of other users in practice. So, we don’t see any reason to complicate the test setup by introducing multi-user scheduling setup.

	China Telecom
	Type I codebook
Issue 3-1: Whether to introduce subband PMI test for type I single-panel codebook
We were supportive to define subband PMI test in the last year, and we provided simulation analysis in the last meeting in R4-2000138. Under different channel models (TDLA 30-5, TDLB 100-5, TDLC 300-5) and different codebook modes (mode 1 and mode 2)，with up to 0.6 dB performance difference between wideband PMI and subband PMI reporting observed, we feel it might be insufficient to judge whether UE has performed subband PMI reporting. So now we are neutral. 
Type II codebook
Issue 3-3-1: Codebook construction for type II
Ok with option 1 for reducing test complexity.
Issue 3-7: Beam steering model for Type II Codebook
The choice between option 1 and option 2 depends on the L (numberOfBeams) used in the test. We propose to use option 1 if L = 2, and use option 2 if L >2. 
Issue 3-8: Test metric for type II codebook
Ok with option 2
Issue 3-9: Multi-user scheduling for type II codebook
UE does not know the existence of another one when reporting PMI. How to choose pairing UEs is depending on various algorithms at the network side. As a result, we think it is very difficult to define MU-MIMO scenario in PMI reporting test. 
Furthermore, if we agree to consider MU-MIMO in the PMI reporting test, we will need to re-design many test parameters such as rank, MCS and channel models for different UEs.

	Intel
	Issue 3-1: Whether to introduce subband PMI test for type I single-panel codebook
Support Option 1. We think that it is rather important from test coverage point of view. 
Issue 3-9: Multi-user scheduling for type II codebook
The purpose of the test is to check correct PMI reporting for Type II codebook and UE processing does not depend on whether this is single-user on multi-user scenario. Therefore, we suggest not to overcomplicate test configuration and consider single-user scenario.

	Apple
	Issue 3-1: Whether to introduce subband PMI test for type I single-panel codebook
Option 1: Introduce subband PMI requirements for 16 Tx ports. It is important to introduce testcases with subband PMI to have coverage for this feature. In Rel-15 no subband PMI test cases were introduced.
Issue 3-3-1: Codebook construction for type II
Option 1: 16Tx ports (N1, N2) = (4,2), (O1, O2) = (4,4) considering test complexity
Issue 3-3-2: L (numberOfBeams) for type II codebook construction
Option 1: 2
Issue 3-3-3: Npsk  (phaseAlphabetSize) for type II codebook construction
Option 2: 8
Issue 3-3-4: subbandAmplitude for type II codebook construction
Option 1: False
Issue 3-4: PMI-FormatIndicator for type II codebook
Option 2: Subband
Issue 3-5-1: Propagation condition for type II codebook
Option 1: TDLA30-5
Issue 3-5-2: MIMO correlation for type II codebook
Option 1: XP High
Issue 3-6: MCS and rank for Type II Codebook
Option 1: MCS 20, rank 2
Issue 3-8: Test metric for type II codebook
Option 2: TP ratio between following PMI and rand PMI. Prefer to use same metric as Type I PMI reporting testcases. 
Issue 3-9: Multi-user scheduling for type II codebook
Prefer not to consider multi-user scheduling for the type-II PMI reporting test. The test is for PMI reporting for Type II codebook and don’t see the necessity to complicate test setup. 



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 

	Topic #3
	Tentative agreements and Candidate options:
Type I codebook
· Issue 3-1: Whether to introduce subband PMI test for type I single-panel codebook
· Option 1: Introduce subband PMI requirements for 16 Tx ports (Samsung, Ericsson, Qualcomm, Intel, Apple)
· Option 2: Not introduce subband PMI requirements for 16Tx ports and covers 16 Tx port requirements with wideband PMI (Huawei, Ericsson)

Type II codebook
· Issue 3-3-1: Codebook construction for type II
· Option 1: 16 Tx ports (N1, N2) = (4,2), (O1, O2) = (4,4) (Huawei, Samsung, Qualcomm, CTC, Apple)
· Option 2: 32 Tx ports (N1, N2) = (4,4), (O1, O2) = (4,4) (Ericsson)
· Issue 3-3-2: L (numberOfBeams) for type II codebook construction
· Tentative agreement: 2 (Huawei, Samsung, Ericsson, Qualcomm, Apple)
· Issue 3-3-3: Npsk (phaseAlphabetSize) for type II codebook construction
· Option 1: 4 (Huawei, Samsung)
· Option 2: 8 (Qualcomm, Apple)
· Option 3: TBD depend on whether to introduce MU-MIMO test setup (Ericsson)
· Issue 3-3-4: subbandAmplitude for type II codebook construction
· Option 1: False (Huawei, Samsung, Apple)
· Option 2: True (Qualcomm)
· Option 3: TBD depend on whether to introduce MU-MIMO test setup (Ericsson)
· Issue 3-4: PMI-FormatIndicator for type II codebook
· Option 1: Wideband (Huawei, Samsung)
· Option 2: Subband (Qualcomm, Apple)
· Option 3: TBD depend on whether to introduce MU-MIMO test setup (Ericsson)
· Issue 3-5-1: Propagation condition for type II codebook
· Option 1: TDLA30-5 (baseline in RAN4 #94e, Huawei, Qualcomm, Apple)
· Option 2: TBD depend on whether to introduce MU-MIMO test setup (Ericsson)
· Issue 3-5-2: MIMO correlation for type II codebook
· Option 1: XP High (Huawei, Qualcomm, Apple)
· Option 2: XP Medium (Samsung)
· Option 3: TBD depend on whether to introduce MU-MIMO test setup (Ericsson)
· Issue 3-6: MCS and rank for Type II Codebook
· Option 1: As baseline, use MCS 20, rank 2 (Samsung, Huawei, Qualcomm, Apple)
· Option 2: TBD depend on whether to introduce MU-MIMO test setup (Ericsson)
· Issue 3-7: Beam steering model for Type II Codebook
· Option 1: Reusing beam steering approach with dual-cluster beams as specified in B.2.3B.4A of TS 36.101 (Samsung, Qualcomm)
· Option 2: Use Equation 1 as beam steering model for Type II codebook performance requirements. (Huawei, Samsung, Ericsson)
· Option 3: Use option 1 if L = 2, and use option 2 if L > 2 (CTC)
· Issue 3-8: Test metric for type II codebook
· Option 1: TP ratio between following PMI with Type II codebook and following PMI with Type-I single panel codebook
· Option 2: TP ratio between following PMI and rand PMI (Samsung, Huawei, Qualcomm, CTC, Apple)
· Option 3: MU-MIMO test setup comparing type II codebook with type I (Ericsson) 
· Issue 3-9: Multi-user scheduling for type II codebook
· Option 1: Consider the multi-user scheduling for the type-II PMI reporting test (Ericsson)
· Option 2: Not to consider the multi-user scheduling for the type-II PMI reporting test (Huawei, Samsung, Qualcomm, CTC, Intel, Apple)
Recommendations for 2nd round:
Further discuss the candidate options above.



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

	#1
	Way forward on PMI reporting requirements for Tx ports larger than 8 and up to 32
	Ericsson, Samsung

	#2
	Simulation assumptions for NR PMI reporting requirements for more than 8 Tx ports
	Ericsson



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)

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”



Topic #4: UE	power imbalance requirements
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2004900 (R4-2002952)
	China Telecom
	Propose 1: Define requirements for 5+5 MHz bandwidth for FDD+FDD CA, 10+10 MHz bandwidth for TDD+TDD CA, with the following test applicability:
· The test is done for any one of the supported bandwidth combination, by using performance requirement for 5+5 MHz FDD+FDD CA or 10+10 MHz TDD+TDD CA.
· The tested PRBs shall be placed in the highest part for the CC with lower carrier frequency, and placed in the lowest part for the CC with higher carrier frequency.
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Propose 2: Using TDD pattern of 7D1S2U (S=6d4s4u) is acceptable.
Propose 3: Use symbol #0 and #1 for PDCCH. For PDSCH, the start symbol is 2, and the duration is 12.
Propose 4: For MIMO configuration, either option 1 or option 2 is ok.
Propose 5: For PRB bundling size, use option 2, i.e., 2 PRBs.
Propose 6: Use different MCSs for 2Rx and 4Rx.

	R4-2003186
	Intel Corporation
	Proposal 1:	Define generic methodology for selection of CBW combination among all CBW combinations in supported CA configurations for NR CA power imbalance requirements. Consider selection of CBW combination with the largest aggregated channel bandwidth as one of candidate option.
Proposal 2:	Use the following configuration for NR CA requirements with power imbalance:
· Full bandwidth allocation
· TDD pattern: 7D1S2U
· PRB bundling size: WB
· PDCCH allocation: Symbol #0
· MIMO configuration: 1x2 and 1x4
· FRC: MCS19, 64QAM with 0.5 code rate
Proposal 3:	Do not define EN-DC power imbalance requirements for intra-band non-contiguous case.
Proposal 4:	Reuse simulation assumptions from NR CA requirements to define EN-DC requirements with power imbalance for the following parameters: PDSCH configuration, PDCCH allocation, antenna configuration and propagation conditions.
Proposal 5:	Focus on definition of EN-DC requirements with 15 kHz SCS on NR carrier for FDD and TDD modes.
Proposal 6:	Use TDD pattern DSUDD for definition of EN-DC requirements with power imbalance.

	R4-2003521
	CMCC
	Proposal 1: If “brand new” channel bandwidth is defined to accommodate operators’ request, it is no need to define intra-band contiguous CA below 50MHz (15KHz) and 100MHz (30KHz) for power imbalance requirements. 
Proposal 2: If intra-band contiguous CA is used to accommodate operators’ request for “brand new” channel bandwidth, generic methodology should be considered to define power imbalance requirements.   

	R4-2003720
	Huawei, HiSilicon
	Proposal 1: Adopt Option 2 for CBW selection and full RB allocation for 5MHz/15kHz SCS and 10MHz/30kHz SCS.
Observation 1: Further investigation is needed to find a suitable MCS for FR1 intra-band contiguous CA with power imbalance.

	R4-2004009
	NTT DOCOMO, INC.
	Proposal 1: 
Define requirements for 5+5 MHz bandwidth for FDD+FDD CA, 10+10 MHz bandwidth for TDD+TDD CA, with the following test applicability
· The test is done for any one of the supported bandwidth combination, by using performance requirement for 5+5 MHz FDD+FDD CA or 10+10 MHz TDD+TDD CA.- 
· The tested PRBs shall be placed in the highest part for the CC with lower carrier frequency, and placed in the lowest part for the CC with higher carrier frequency.
Proposal 2: 
25 PRBs for 15kHz FDD, 24 PRBs for 30kHz TDD
· There are 25 PRBs for 5MHz CBW with 15kHz SCS, and 24 PRBs for 10MHz CBW with 30kHz SCS
Proposal 3: For power imbalance test for intra-band contiguous NR-CA, the following test parameters are applied.
	Parameters
	Value

	TDD pattern
	1st priority: Option 3: DDDSUUDDDD (S=6d4s4u)
2nd priority: Option 1: 7D1S2U(S=6d4s4u)

	PDCCH allocation
	Symbol #0 and #1

	MIMO configuration
	2x2 / 2x4 MIMO



Observation 1: There are some original features and assumptions on intra-band EN-DC in Rel-15 as follows:
· Only co-located scenario is considered for both contiguous and non-contiguous cases.
· UE capability was introduced to inform whether UE supports only non-contiguous case or both cases, i.e., intraBandENDC-Support. It means that UE always supports intra-band non-contiguous EN-DC if UE supports such band combinations for intra-band EN-DC.
· Regarding DC_42_n78, RAN4 agreed that non-contiguous EN-DC shall be supported as mandatory in November meeting. It is the same situation as other intra-band EN-DC band combinations.
Observation 2: For intra-band EN-DC scenario in FR1, UE may suffer significant power imbalance between LTE and NR carriers even in co-located scenario if beam pattern is different between LTE and NR.
Proposal 4: Power imbalance requirement should be introduced to ensure correct UE implementation for intra-band EN-DC scenario in FR1.
Proposal 5: Both contiguous and non-contiguous EN-DC cases should be introduced for power imbalance requirement.
Proposal 6: Power imbalance value for non-contiguous EN-DC is 6dB.
Proposal 7: UE should be tested according to the following applicability rules.
· UE shall test power imbalance test for intra-band non-contiguous EN-DC as mandatory
· If UE supports intra-band contiguous EN-DC and UE inform “both” in intraBandENDC-Support, UE also tests power imbalance test for intra-band contiguous EN-DC.
Observation 3: Rx image is 25dB for both intra-band contiguous and non-contiguous.

	R4-2004792
	Qualcomm Incorporated
	Proposal 1: Do not define power imbalance requirements for non-contiguous intra-band EN-DC.
Proposal 2: Use MIMO configuration of 1x2 and 1x4 for defining power imbalance test cases.
Proposal 3: Use full RB PDSCH allocation for defining FR1 intra-band contiguous CA power imbalance tests.


	
Open issues summary
Sub-topic 4-1: Requirements for FR1 intra-band contiguous CA
Issue 4-1-1: Channel bandwidth combination
· Agreement in RAN4 #94e (R4-2002396, WF)
· Option 1: Specify the following CA configurations. FFS necessity of further down selection
· Option 1A: 50+60, 50+80, 50+100, 60+60, 60+80, 60+100, 80+80 and 80+100 MHz
· Other options are not precluded
· Further discuss after Rel-16 core spec is finalized.
· Option 2: Define requirements for 5+5 MHz bandwidth for FDD+FDD CA, 10+10 MHz bandwidth for TDD+TDD CA, with the following test applicability
· The test is done for any one of the supported bandwidth combination, by using performance requirement for 5+5 MHz FDD+FDD CA or 10+10 MHz TDD+TDD CA.
· The tested PRBs shall be placed in the highest part for the CC with lower carrier frequency, and placed in the lowest part for the CC with higher carrier frequency.
· Option 3: Define generic methodology for selection of CBW combination among all CBW combinations in supported CA configurations
· Other options are not precluded
· Proposals
· Option 1: Specify the following CA configurations. FFS necessity of further down selection
· Option 1A: 50+60, 50+80, 50+100, 60+60, 60+80, 60+100, 80+80 and 80+100 MHz
· Other options are not precluded
· Further discuss after Rel-16 core spec is finalized.
· Option 2: Define requirements for 5+5 MHz bandwidth for FDD+FDD CA, 10+10 MHz bandwidth for TDD+TDD CA, with the following test applicability (China Telecom, Huawei, DCM)
· Test applicability for option 2:
· The test is done for any one of the supported bandwidth combination, by using performance requirement for 5+5 MHz FDD+FDD CA or 10+10 MHz TDD+TDD CA.
· The tested PRBs shall be placed in the highest part for the CC with lower carrier frequency, and placed in the lowest part for the CC with higher carrier frequency.
· Potential issue raised for option 2 (Intel):
· For Option 2 for CBW selection, it assumes partial allocation of channel bandwidth which may lead to situation that image will not be observed at the UE side and test purpose will not be met. For example, if we consider 50 MHz+100 MHz scenario then UE may put their local oscillator in the middle point of the reception band (see Figure 1).
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[bookmark: _Ref37437161]Figure 1. LO position for intra-band contiguous CA
· Option 3: Define generic methodology for selection of CBW combination among all CBW combinations in supported CA configurations (Intel)
· Option 3a: Consider selection of CBW combination with the largest aggregated channel bandwidth (Intel)
· Option 4 (CMCC)
· If “brand new” channel bandwidth is defined to accommodate operators’ request, it is no need to define intra-band contiguous CA below 50MHz (15KHz) and 100MHz (30KHz) for power imbalance requirements. 
· If intra-band contiguous CA is used to accommodate operators’ request for “brand new” channel bandwidth, generic methodology should be considered to define power imbalance requirements.  
· Recommended WF
· TBA based on further discussion


Issue 4-1-2: PDSCH RB allocation
· Agreement in RAN4 #94e (R4-2002396, WF)
· Option 1: Full allocation
· Option 2: 25 PRBs for 15kHz FDD, 24 PRBs for 30kHz TDD
· There are 25 PRBs for 5MHz CBW with 15kHz SCS, and 24 PRBs for 10MHz CBW with 30kHz SCS
· Other options are not precluded
· Proposals
· Option 1: Full allocation (Intel, QC)
· Option 2: 25 PRBs for 15kHz FDD, 24 PRBs for 30kHz TDD (China Telecom, Huawei, DCM)
· Recommended WF
· TBA after the channel bandwidth combination is agreed


Issue 4-1-3: TDD pattern for 30 kHz SCS
· Agreement in RAN4 #94e (R4-2002396, WF)
· Option 1: 7D1S2U(S=6d4s4u)
· Option 2: DDDSU+DDSUU (S=10d2s2u)
· Option 3: DDDSUUDDDD (S=6d4s4u)
· Proposals
· Option 1: 7D1S2U(S=6d4s4u) (China Telecom, Intel, DCM’s 2nd priority, Huawei)
· Option 2: DDDSU+DDSUU (S=10d2s2u) (China Telecom)
· Option 3: DDDSUUDDDD (S=6d4s4u) (DCM’s 1st priority)
· Recommended WF
· TBA based on further discussion


Issue 4-1-4: MIMO configuration
· Agreement in RAN4 #94e (R4-2002396, WF)
· Option 1: 2x2 and 2x4
· Option 2: 1x2 and 1x4
· Proposals
· Option 1: 2x2 and 2x4 (China Telecom, DCM)
· Option 2: 1x2 and 1x4 (China Telecom, Intel, QC)
· QC: Similar to LTE power imbalance tests and NR SDR tests, we prefer to use 1x2 and 1x4 MIMO configuration because it avoids the issue of zeroing out one of the Rx for some of the random precoders used in case of 2Tx antennas.
· Recommended WF
· TBA based on further discussion

Issue 4-1-5: MCS
· Agreement in RAN4 #94e (R4-2002396, WF)
· Option 1: MCS19, 64QAM with 0.5 code rate
· Option 2: FFS
· Proposals
· Option 1: MCS19, 64QAM with 0.5 code rate (Intel)
· Option 2: Further investigation is needed (Huawei, China Telecom)
· Option 2a: Use different MCSs for 2Rx and 4Rx. (China Telecom)
· Recommended WF
· TBA based on further discussion


Issue 4-1-6: PRB bundling size
· Agreement in RAN4 #94e (R4-2002396, WF)
· Option 1: WB
· Option 2: 2 PRBs
· Proposals
· Option 1: WB (Intel)
· Option 2: 2 PRBs (China Telecom)
· Recommended WF
· TBA based on the feedback from more companies


Issue 4-1-7: PDCCH allocation
· Agreement in RAN4 #94e (R4-2002396, WF)
· Option 1: Symbol #0
· Option 2: Symbol #0 and #1
· Proposals
· Option 1: Symbol #0 (Intel)
· Option 2: Symbol #0 and #1 (China Telecom, DCM)
· Recommended WF
· TBA based on the feedback from more companies


Sub-topic 4-2: Requirements for intra-band contiguous EN-DC
· Description in the WID (RP-200472)
· FR1 intra-band EN-DC PDSCH demodulation performance requirement with power imbalance
· Intra-band contiguous EN-DC with 6dB power imbalance is assumed.
· Only the NR cell is configured as the weaker power cell and to be tested.

Issue 4-2-1: Duplex mode
· Proposals
· Option 1: both FDD and TDD (Intel)
· Recommended WF
· TBA based on the feedback from more companies

Issue 4-2-2: SCS
· Proposals
· Option 1: 15kHz for both FDD and TDD (Intel)
· Recommended WF
· TBA based on the feedback from more companies

Issue 4-2-3: TDD pattern
· Proposals
· Option 1: DSUDD (Intel)
· Recommended WF
· TBA based on the feedback from more companies

Issue 4-2-4: Other parameters
· Proposals
· Option 1: Reuse simulation assumptions from NR CA requirements to define EN-DC requirements with power imbalance for the following parameters: PDSCH configuration, PDCCH allocation, antenna configuration and propagation conditions. (Intel)
· Recommended WF
· TBA based on the feedback from more companies

Sub-topic 4-3: Requirements for intra-band non-contiguous EN-DC
Issue 4-3-1: Whether to define power imbalance requirement for FR1 intra-band non-contiguous EN-DC
· Description in the WID (RP-200472)
· FR1 intra-band EN-DC PDSCH demodulation performance requirement with power imbalance
· Further study whether to introduce intra-band non-contiguous EN-DC requirements and applicable power imbalance level
· Proposals
· Option 1: Yes (DCM)
· Power imbalance value for non-contiguous EN-DC is 6dB.
· UE should be tested according to the following applicability rules.
· UE shall test power imbalance test for intra-band non-contiguous EN-DC as mandatory
· If UE supports intra-band contiguous EN-DC and UE inform “both” in intraBandENDC-Support, UE also tests power imbalance test for intra-band contiguous EN-DC.
· Option 2: No (Intel, QC)
· Recommended WF
· TBA based on further discussion

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

	SoftBank
	Sub-topic 4-3: Requirements for intra-band non-contiguous EN-DC
Issue 4-3-1: Whether to define power imbalance requirement for FR1 intra-band non-contiguous EN-DC
Support option 1. Intra-band non-contiguous spectrum has been already assigned to operators. As RP-200224 has already explained, the power imbalance requirements are needed considering the deployment scenarios of real network. 

	Huawei,HiSilicon
	Sub-topic 4-1: Requirements for FR1 intra-band contiguous CA
Issue 4-1-1: Channel bandwidth combination
Prefer Option 2 considering too many bandwidth combination defined for NR and it is very hard to find one bandwidth combination supported by all band combinations.
Issue 4-1-3: TDD pattern for 30 kHz SCS
Prefer Option 1 that is the default TDD configuration for NR demodulation requirements
Issue 4-1-4: MIMO configuration
Further evaluations about the throughput at 19dB SNR point from companies are needed. 
Issue 4-1-5: MCS
Further evaluations are needed to decide the specific MCS value.
Issue 4-1-6: PRB bundling size
No very strong view, but Option 2 is fine for us considering it is the default configuration.
Issue 4-1-7: PDCCH allocation
Option 2 is fine for us.
Sub-topic 4-2: Requirements for intra-band contiguous EN-DC
Issue 4-2-1: Duplex mode
From the current NR deployment, we are not sure it is necessary to cover both FDD and TDD, maybe FDD is enough.
Issue 4-2-2: SCS
We prefer to cover 15kHz SCS only for FDD.
Issue 4-2-3: TDD pattern
As per TS 38.213 section 11.1, the last slot should be U slot for one specific TDD pattern.
Issue 4-2-4: Other parameters
Generally we share the same view to reuse the simulation assumptions for NR CA requirements as much as possible. At the same time, we also can reuse the existing LTE setup for EN-DC just with LTE cell 6dB higher than NR Cell.
Sub-topic 4-3: Requirements for intra-band non-contiguous EN-DC
Issue 4-3-1: Whether to define power imbalance requirement for FR1 intra-band non-contiguous EN-DC
The main issue is the assumption of single RF chain or two RF chains used for EN-DC in UE implementation, co-located scenario for both contiguous and non-contiguous is a deployment scenario. 
We share our understanding about the UE capability definition in core specification TS 38.306 16.0.0:
intraBandENDC-Support
Indicates whether the UE supports intra-band EN-DC with only non-contiguous spectrum, or with both contiguous and non-contiguous spectrum for the EN-DC combination as specified in TS 38.101-3 [4].
If the UE does not include this field for an intra-band EN-DC combination the UE only supports the contiguous spectrum for the intra-band EN-DC combination.
It indicates three cases: 
-	only intra-band contiguous EN-DC by default
-	only intra-band non-contiguous EN-DC  
-	both contiguous and non-contiguous EN-DC

R4-1913130: LS on UE capability of intraBandENDC-Support (RAN4 to RAN2)
RAN4 has agreed that intra-band EN-DC requirements shall apply for inter-band EN-DC configurations where the frequency range of the E-UTRA band is a subset of the frequency range of the NR band, e.g., DC_B42_n77 and DC_B42_n78. The corresponding EN-DC configurations are described in TS38.101-3 (Table 5.5B.4.1-1).
In addition, for the above configurations, RAN4 agreed that intra-band non-contiguous EN-DC requirements for these inter-band EN-DC configurations applies as mandatory but it is optional to apply intra-band contiguous EN-DC requirements for these inter-band EN-DC configurations. 
Our understanding:
1)	Intra-band EN-DC requirements shall applicable for inter-band EN-DC with LTE band is a subset of NR band
2)	Mandatory to apply intra-band non-contiguous EN-DC requirements to these inter-band EN-DC.
3)	Optional to apply intra-band contiguous EN-DC requirements to these inter-band EN-DC

	Ericsson
	Sub-topic 4-2: Requirements for intra-band contiguous EN-DC
Issue 4-2-1: Duplex mode
Agree to define both FDD and TDD according to the RF requirements.
Issue 4-2-2: SCS
It is ok to set SCS=15kHz for FDD. For TDD, however, in our understanding intra-band contiguous EN-DC is used inon band 41/n41 or band 42/n77/n78 and we assume those bands use SCS=30kHz.
Issue 4-2-3: TDD pattern
Depending on the assumption of SCS for TDD.
General comments for the power imbalance test for EN-DC:
The existing EN-DC requirements does not specify any power setting relation between E-UTRA carrier and NR carrier. Should we clarify both the transmission powers are same in the spec? 

	Qualcomm
	Sub-topic 4-1: Requirements for FR1 intra-band contiguous CA
Issue 4-1-1: Channel bandwidth combination
To avoid the issue brought by Intel, we should use same CBWs for both carriers and choose the CA combination with largest BW similar to LTE. So, we prefer Option 3.
Issue 4-1-2: PDSCH RB allocation
Prefer Option 1.
Issue 4-1-3: TDD pattern for 30 kHz SCS
Prefer Option 1.
Issue 4-1-4: MIMO configuration
Prefer Option 2.
Issue 4-1-5: MCS
It may be decided based on simulation results.
Issue 4-1-7: PDCCH allocation
Prefer Option 2 similar to other FR1 demod tests.
Sub-topic 4-2: Requirements for intra-band contiguous EN-DC
Issue 4-2-1: Duplex mode
Ok with option 1.
Issue 4-2-2: SCS
Prefer to use 30kHz SCS for TDD
Issue 4-2-3: TDD pattern
With 30kHz SCS, prefer to use 7D1S2U
Issue 4-2-4: Other parameters
Ok to reuse some of the assumptions, but it needs more discussion. Propagation condition should be static channel similar to LTE.
Sub-topic 4-3: Requirements for intra-band non-contiguous EN-DC
Issue 4-3-1: Whether to define power imbalance requirement for FR1 intra-band non-contiguous EN-DC
We prefer not to define these requirements because intra-band contiguous EN-DC requirements are enough to test power imbalance similar to LTE CA and NR CA.

	CMCC
	Sub-topic 4-1: Requirements for FR1 intra-band contiguous CA
Issue 4-1-1: Channel bandwidth combination
Ok with option 3. We may need to review the RF spec to find all the largest aggregated channel bandwidth. As we discussed in our paper, there are two reasons for introducing intra-band contiguous CA, one is that operator has large spectrum than the single carrier bandwidth, the other is operator has some “odd” spectrum, which are not defined in UE RF spec. Going with option 3 may still lead to the situation that we need to define many bandwidth combinations considering the test coverage. 
Issue 4-1-2: PDSCH RB allocation
Discuss later when agreement are reached for issue 4-1-1
Issue 4-1-3: TDD pattern for 30 kHz SCS
Support option 1, better to align the TDD patterns with other test cases.
Issue 4-1-4: MIMO configuration
Prefer to evaluate both option 1 and option2 first. Whether to down select can be further discussed. 
Issue 4-1-5: MCS
General OK with option 2a. Further investigation is needed.
Issue 4-1-7: PDCCH allocation
OK with option 2
Sub-topic 4-2: Requirements for intra-band contiguous EN-DC
Issue 4-2-1: Duplex mode
OK with option 1. Both FDD and TDD has intra-band contiguous EN-DC combinations. 
Issue 4-2-2: SCS
Prefer 15KHz for FDD, 30KHz for TDD
Issue 4-2-3: TDD pattern
Prefer to use 30KHz for TDD, so the pattern should be 7D1S2U
Issue 4-2-4: Other parameters
General OK to reuse simulation assumption
Sub-topic 4-3: Requirements for intra-band non-contiguous EN-DC
Issue 4-3-1: Whether to define power imbalance requirement for FR1 intra-band non-contiguous EN-DC
Xxx

	China Telecom
	Sub-topic 4-1: Requirements for FR1 intra-band contiguous CA
Issue 4-1-1: Channel bandwidth combination
For option 2, the intention is trying to apply the same set of requirements for different CA configurations.
For option 3, we would like to understand more about option 3. In Intel’s paper in R4-2003186, it mentioned that the option 3 is similar to SDR methodology. Does it mean bandwidth agnostic requirements can be applied?
Issue 4-1-2: PDSCH RB allocation
To be decided after the channel bandwidth combination is agreed
Issue 4-1-3: TDD pattern for 30 kHz SCS
Option 1 is acceptable.
Issue 4-1-4: MIMO configuration
Either option 1 or option 2 is ok.
Issue 4-1-5: MCS
It looks to us that simulation is needed to decide the MCS.
We tend to agree with Huawei’s analysis in R4-2003720 on the simulation setup, as copied below:
· The test metric is to test the weaker power cell only with 85% of max throughput, as per discussed test parameters, evaluation is needed to check which MCS is feasible to meet the test metric with adjacent carrier 6dB higher than the target carrier and 25dBc Rx image rejection ratio assumed, therefore, the evaluation just needs to check the throughput at SNR = 19dB.
Do we need to agree on the simulation setup, and encourage more companies to bring simulation results in the next meeting?
Issue 4-1-6: PRB bundling size
Support option 2, which is the same as the PDSCH normal demodulation requirements.
Issue 4-1-7: PDCCH allocation
Support option 2, which is the same as the PDSCH normal demodulation requirements.

	Intel
	Issue 4-1-1: Channel bandwidth combination
We proposed Option 3, because test setup is rather close to SDR and simulation alignment for all CBW combinations is not needed and we can just select any supported by UE CBW combination.
Issue 4-1-5: MCS
We are fine to further investigate. Same time, we prefer to use same MCS for 2 Rx and 4 Rx.
Issue 4-1-7: PDCCH allocation
Option 2 is also fine for us.
Issue 4-2-2: SCS
Based on our understanding, 15 kHz E-UTRA and 30 kHz NR is up to UE capability. Therefore, we suggest to test scenarios which is supported by the most UEs.
Issue 4-2-3: TDD pattern
Based on our understanding, E-UTRA pattern and NR pattern should be aligned to meet test purpose. Therefore, we suggest to use DSU+DD pattern for 15 kHz. If 30 kHz will be considered, then we suggest to use DDDSUU+DDDD pattern.
Issue 4-3-1: Whether to define power imbalance requirement for FR1 intra-band non-contiguous EN-DC
Based on clarification from Huawei, we assume that support of intra-band contiguous EN-DC is default setting from capability point of view and support of this EN-DC configuration is optional only for some specific scenarios (inter-band + intra-band). Based on our understanding, power imbalance requirements will be defined for just intra-band scenarios, for which we don’t have restrictions from capability point of view. Same time, purpose of power imbalance test for intra-band non-contiguous EN-DC is not clear, because UE will use 2 RF chains and image rejection issue will not be observed (which is the main purpose of this test).

	DOCOMO
	Sub-topic 4-1: Requirements for FR1 intra-band contiguous CA
Issue 4-1-1: Channel bandwidth combination
We change the proposal from Option1 to Option 3.
Issue 4-1-2: PDSCH RB allocation
Discuss Issue4-1-1 first
Issue 4-1-3: TDD pattern for 30 kHz SCS
We prefer Option 1 or Option 3. We slightly prefer Option 3 to expand the requirement scope.
Issue 4-1-4: MIMO configuration
We prefer Option 1 since this configuration is more typical configuration than 1x2 /1x4. As for the random precoding issue, we need more discuss.
Issue 4-1-5: MCS
We prefer Option 2
Issue 4-1-7: PDCCH allocation
We prefer Option 2
Sub-topic 4-2: Requirements for intra-band contiguous EN-DC
Issue 4-2-1: Duplex mode
We prefer Option 1
Issue 4-2-2: SCS
We prefer FDD=15kHz SCS and TDD=30kHz SCS. 
Issue 4-2-3: TDD pattern
We prefer 7D1S2U since this TDD pattern is applied to most of Rel.15 UE demodulation requirements
Issue 4-2-4: Other parameters
Generally we share the same view. However, since the NR CA parameters contain several options, we need more discuss. 
Sub-topic 4-3: Requirements for intra-band non-contiguous EN-DC
Issue 4-3-1: Whether to define power imbalance requirement for FR1 intra-band non-contiguous EN-DC
We support Option 1. Only co-located scenario is considered for intra-band contiguous and non-contiguous EN-DC cases. It means that single RF chain is assumed to receive CCs. The number of RF chain is of cource UE implementation, but the requirement considering single RF chain should be specified as minimum requirement in RAN4. In addition, "intraBandENDC-Support" can indicate either non-contiguos or both, i.e., UE shall always support non-contoguous EN-DC. Therefore UE shall test power imbalance test for intra-band non-contiguous EN-DC as mandatory.


 
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 

	Topic #4
	Tentative agreements and Candidate options:
Sub-topic 4-1: Requirements for FR1 intra-band contiguous CA
· Issue 4-1-1: Channel bandwidth combination
· Option 2: Define requirements for 5+5 MHz bandwidth for FDD+FDD CA, 10+10 MHz bandwidth for TDD+TDD CA, with the following test applicability (China Telecom, Huawei)
· The test is done for any one of the supported bandwidth combination, by using performance requirement for 5+5 MHz FDD+FDD CA or 10+10 MHz TDD+TDD CA.
· The tested PRBs shall be placed in the highest part for the CC with lower carrier frequency, and placed in the lowest part for the CC with higher carrier frequency.
· Option 3: Define generic methodology for selection of CBW combination among all CBW combinations in supported CA configurations (Intel, QC, CMCC, DCM)
· Intel: Consider selection of CBW combination with the largest aggregated channel bandwidth. Test setup is rather close to SDR and simulation alignment for all CBW combinations is not needed and we can just select any supported by UE CBW combination.
· CMCC: Going with option 3 may still lead to the situation that we need to define many bandwidth combinations considering the test coverage.
· CTC: we would like to understand more about option 3. In Intel’s paper in R4-2003186, it mentioned that the option 3 is similar to SDR methodology. Does it mean bandwidth agnostic requirements can be applied?
· Issue 4-1-2: PDSCH RB allocation
· To be decided after the channel bandwidth combination is agreed (CMCC, China Telecom, DCM)
· Issue 4-1-3: TDD pattern for 30 kHz SCS
· Tentative agreement: 7D1S2U(S=6d4s4u) (Intel, DCM, Huawei, QC, CMCC, China Telecom)
· Issue 4-1-4: MIMO configuration
· Option 1: 2x2 and 2x4 (China Telecom, DCM)
· Option 2: 1x2 and 1x4 (China Telecom, Intel, QC, QC)
· Option 3: Simulation is needed (Huawei, CMCC)
· Huawei: Further evaluate the throughput at 19dB SNR point
· Issue 4-1-5: MCS
· Simulation is needed (Huawei, CTC, [QC] , CMCC, Intel, DCM)
· Option A: use different MCSs for 2Rx and 4Rx. (CTC, CMCC)
· CTC: Do we need to agree on the simulation setup, and encourage more companies to bring simulation results in the next meeting? We tend to agree with Huawei’s analysis in R4-2003720 on the simulation setup, as copied below:
The test metric is to test the weaker power cell only with 85% of max throughput, as per discussed test parameters, evaluation is needed to check which MCS is feasible to meet the test metric with adjacent carrier 6dB higher than the target carrier and 25dBc Rx image rejection ratio assumed, therefore, the evaluation just needs to check the throughput at SNR = 19dB.
· Option B: use same MCS for 2 Rx and 4 Rx (Intel)
· Issue 4-1-6: PRB bundling size
· Option 1: WB (Intel)
· Option 2: 2 PRBs (China Telecom, Huawei)
· Issue 4-1-7: PDCCH allocation
· Tentative agreement: Symbol #0 and #1 (China Telecom, DCM, Huawei, QC, CMCC, Intel)

Sub-topic 4-2: Requirements for intra-band contiguous EN-DC
· Issue 4-2-1: Duplex mode
· Option 1: FDD and TDD (Intel, Ericsson, QC, CMCC, DCM)
· Option 2: FDD (Huawei)
· Issue 4-2-2: SCS
· Option 1: 15kHz for both FDD and TDD (Intel)
· Option 2: 15kHz for FDD, 30kHz for TDD (Ericsson, QC, CMCC, DCM)
· Option 3: 15kHz for FDD (Huawei)
· Issue 4-2-3: TDD pattern
· Option 1: DSU+DD for 15kHz SCS, or DDDSUU+DDDD for 30kHz SCS (Intel)
· Option 2: 7D1S2U for 30kHz SCS (QC, CMCC, DCM)
· Issue 4-2-4: Other parameters
· Generally ok to reuse simulation assumptions from NR CA requirements to define EN-DC requirements with power imbalance for the following parameters: PDSCH configuration, PDCCH allocation, antenna configuration and propagation conditions. (Intel, Huawei, QC, CMCC, DCM)
· Huawei: At the same time, we also can reuse the existing LTE setup for EN-DC just with LTE cell 6dB higher than NR Cell.
· QC: Propagation condition should be static channel similar to LTE.
· Other issue:
· Ericsson: The existing EN-DC requirements do not specify any power setting relation between E-UTRA carrier and NR carrier. Should we clarify both the transmission powers are same in the spec?

Sub-topic 4-3: Requirements for intra-band non-contiguous EN-DC
· Issue 4-3-1: Whether to define power imbalance requirement for FR1 intra-band non-contiguous EN-DC
· Option 1: Yes (DCM, SoftBank)
· Option 2: No (Intel, QC)

Recommendations for 2nd round:
Further discuss the candidate options above.



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

	#1
	Way forward on UE power imbalance requirements for FR1 CA and EN-DC
	NTT DOCOMO



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)

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”



Topic #5: NR CA CQI reporting requirements
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2004901 (R4-2002953)
	China Telecom
	Proposal 1: Following the methodology used in LTE, measure the difference between the wideband CQI indices of Pcell and the first Scell as well as the difference between the wideband CQI indices of the first Scell and the other Scell(s) (if any).
Proposal 2: Define requirements for the following duplex mode and SCS combinations and discuss the test applicability later:
· FR1
· FDD + FDD: FDD 15 kHz + FDD 15 kHz
· TDD + TDD: TDD 15 kHz + TDD 30 kHz, TDD 30 kHz + TDD 30 kHz
· FDD + TDD: FDD 15 kHz + TDD 30 kHz, FDD 15 kHz + TDD 15 kHz
· FR2
· TDD + TDD: TDD 120 kHz + TDD 120 kHz
Proposal 3: Reuse the following TDD UL-DL patterns for CA PDSCH normal performance requirements:
· FR1 SCS 15 kHz: 3D1S1U with S=10:2:2
· FR1 SCS 30 kHz: 7D1S2U with S=6:4:4
· FR2 SCS 120 kHz: 3D1S1U with S=10:2:2
Proposal 4: Assume periodic CSI reporting with periodicity of 5, 10, and 8 slots for 15kHz, 30kHz and 120kHz SCS respectively.
Proposal 5: Use CQI table 2 for FR1, and CQI table 1 for FR2.
Proposal 6: Reuse SNR configuration and test metric in LTE CA CQI test for NR: 
· SNRPcell = 10dB and SNRScell = 4dB for 2DL CA, SNRPcell = 12dB, SNRScell1 = 6dB, SNRScell2, 3,… = 0dB for 3 or more DL CA.
· For 2DL CA, the difference between the wideband CQI indices of Pcell and Scell shall be larger than 2 for more than 90% of the time.
· For 3 or more DL CA, the difference between the wideband CQI indices of Pcell and Scell1 shall be larger than 2, and the difference between the wideband CQI indices of Scell1 and all other Scell(s) shall be larger than 2, for more than 90% of the time.
· The above requirements are applied for different CA bandwidth combinations.
Proposal 7: Use 1Tx antenna, 2Rx and 4Rx antennas. For 4Rx band, reduce the signal power density by 3dB compared to that for 2Rx, while keeping the same test metric for 2Rx and 4Rx bands.

	R4-2003694
	Huawei, HiSilicon
	Proposal1: Reuse the structure of CA CQI test requirement in LTE as a starting point
Proposal2: Propose to define performance requirements for all channel bandwidths listed in TS38.101-1 and TS38.101-2 for FR1 and FR2

	R4-2004813
	Qualcomm Incorporated
	Withdrawn


	
Open issues summary
Sub-topic 5-1: Duplex mode, SCS, channel bandwidth and TDD pattern
Issue 5-1-1: Duplex mode and SCS
· Proposals
· Option 1: Reuse the duplex mode and SCS combinations for defining CA PDSCH normal performance requirements (China Telecom)
· FR1
· FDD + FDD: FDD 15 kHz + FDD 15 kHz
· TDD + TDD: TDD 15 kHz + TDD 30 kHz, TDD 30 kHz + TDD 30 kHz
· FDD + TDD: FDD 15 kHz + TDD 30 kHz, FDD 15 kHz + TDD 15 kHz
· FR2
· TDD + TDD: TDD 120 kHz + TDD 120 kHz
· Option 2: 15kHz SCS for FR1 FDD, 30kHz SCS for FR1 TDD ([Huawei])
· Recommended WF
· TBA based on the feedback from more companies.

Issue 5-1-2: Channel bandwidth
· Proposals
· Option 1: Define performance requirements for all channel bandwidths listed in TS 38.101-1 and TS 38.101-2 for FR1 and FR2 (Huawei, China Telecom)
· Option 1a: The same set of requirements is applied for different CA bandwidth combinations, i.e., define requirements in a bandwidth agnostic way. (China Telecom)
· Recommended WF
· TBA based on the feedback from more companies.

Issue 5-1-3: TDD UL-DL pattern
· Proposals
· Option 1: Reuse the following TDD UL-DL patterns for CA PDSCH normal performance requirements (China Telecom)
· FR1 SCS 15 kHz: 3D1S1U with S=10:2:2
· FR1 SCS 30 kHz: 7D1S2U with S=6:4:4
· FR2 SCS 120 kHz: 3D1S1U with S=10:2:2
· Recommended WF
· TBA based on the feedback from more companies.

Sub-topic 5-2: CQI table and CSI reporting periodicity 
Issue 5-2-1: CQI table
· Proposals
· Option 1: CQI Table 2 for FR1 and CQI Table 1 for FR2 (China Telecom)
· China Telecom: Reuse the assumption for NR Rel-15 single carrier CQI test.
· Recommended WF
· TBA based on the feedback from more companies.

Issue 5-2-2: CSI reporting type and periodicity
· Proposals
· Option 1: Periodic CSI reporting with periodicity of 5 slots for 15kHz SCS, 10 slots for 30kHz SCS, and 8 slots for 120kHz SCS (China Telecom)
· China Telecom: Reuse the assumption for NR Rel-15 single carrier CQI test in AWGN condition.
· Recommended WF
· TBA based on the feedback from more companies.


Sub-topic 5-3: Test metric
Issue 5-3-1: General principle for the test metric
· Proposals
· Option 1: Following the methodology used in LTE, measure the difference between the wideband CQI indices of Pcell and the first Scell as well as the difference between the wideband CQI indices of the first Scell and the other Scell(s) (if any). (China Telecom, Huawei)
· Recommended WF
· TBA based on the feedback from more companies.


Issue 5-3-2: SNR configuration and test metric for 2DL CA CQI test
· Proposals
· Option 1: Reuse SNR configuration and test metric in LTE CA CQI test (China Telecom, Huawei)
· SNRPcell = 10dB and SNRScell = 4dB. 
· The difference between the wideband CQI indices of Pcell and Scell shall be larger than thr for more than 90% of the time.
· Recommended WF
· TBA based on the feedback from more companies.


Issue 5-3-3: SNR configuration and test metric for 3 or more DL CA CQI test
· Proposals
· Option 1: Reuse SNR configuration and test metric in LTE CA CQI test (China Telecom)
· SNRPcell = 12dB, SNRScell1 = 6dB, SNRScell2, 3,… = 0dB
· The difference between the wideband CQI indices of Pcell and Scell, and the difference between the wideband CQI indices of Scell1 and all other Scell(s) shall be larger than thr for more than 90% of the time. 
· Recommended WF
· TBA based on the feedback from more companies.

Issue 5-3-4: Threshold for delta CQI
· Proposals
· Option 1: thr = 2 for 2 or more DL CA (China Telecom)
· China Telecom: according to our simulation results, the thr of 2 for LTE can be reused for NR.
· Recommended WF
· TBA based on the feedback from more companies.

Sub-topic 5-4: Antenna configuration 
Issue 5-4: Antenna configuration 
· Proposals
· Option 1: 1T2R and 1T4R. For 4Rx band,  reduce the signal power density by 3dB compared to that for 2Rx (China Telecom)
· China Telecom: Based on our simulation results in terms of delta CQI under AWGN condition, it is feasible to reduce the signal power density by 3dB for the 4Rx band while keeping the same test metric.
· Recommended WF
· TBA based on the feedback from more companies.


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

	Ericsson
	Sub-topic 5-1: Duplex mode, SCS, channel bandwidth and TDD pattern
Issue 5-1-1: Duplex mode and SCS
For FR1, support Option 2; we don’t need to assume TDD SCS=15kHz.
For FR2, support Option 1.
Issue 5-1-2: Channel bandwidth 
OK with Option 1.
Issue 5-1-3: TDD UL-DL pattern
Depending on the discussion on the used SCS, but we are fine with
· 7D1S2U with S=6:4:4 for FR1 TDD SCS=30kHz
· DDDSU with S=10:2:2 for FR2 TDD SCS=120kHz
Sub-topic 5-2: CQI table and CSI reporting periodicity
Issue 5-2-1: CQI table
OK with Option 1.
Issue 5-2-2: CSI reporting type and periodicity
OK with Option 1.
Sub-topic 5-3: Test metric
Issue 5-3-1: General principle for the test metric
OK with Option 1.
Issue 5-3-2: SNR configuration and test metric for 2DL CA CQI test
OK with Option 1 is a good starting point.
Issue 5-3-3: SNR configuration and test metric for 3 or more DL CA CQI test
OK with Option 1 is a good starting point.
Issue 5-3-4: Threshold for delta CQI
OK with Option 1 is a good starting point.
Sub-topic 5-4: Antenna configuration
Issue 5-4: Antenna configuration 
OK with Option 1.

	Qualcomm
	Sub-topic 5-1: Duplex mode, SCS, channel bandwidth and TDD pattern
Issue 5-1-1: Duplex mode and SCS
Prefer to reuse the combinations and applicability rules from PDSCH CA.
Issue 5-1-2: Channel bandwidth
Option 1 is ok but we should define an applicability rule to test only the largest CA bandwidth for any one of the CA capabilities, similar to LTE.
Issue 5-1-3: TDD UL-DL pattern
In existing FR2 CQI reporting tests, DDSU was used. So, we can use the same TDD pattern to make it easier to reuse the test parameters.
Sub-topic 5-2: CQI table and CSI reporting periodicity
Issue 5-2-1: CQI table
Ok with option 1.
Issue 5-2-2: CSI reporting type and periodicity
Ok with option 1 in general. But, for FR2, 8 slot periodicity will work for DDSU, not DDDSU.
Sub-topic 5-3: Test metric
Issue 5-3-1: General principle for the test metric
Ok with option 1.
Issue 5-3-2: SNR configuration and test metric for 2DL CA CQI test
Decide SNRs based on simulation results.
Issue 5-3-3: SNR configuration and test metric for 3 or more DL CA CQI test
Decide SNRs based on simulation results.
Issue 5-3-4: Threshold for delta CQI
Decide threshold based on simulation results.
Sub-topic 5-4: Antenna configuration
Issue 5-4: Antenna configuration 
Prefer to keep it open.

	CMCC
	Sub-topic 5-1: Duplex mode, SCS, channel bandwidth and TDD pattern
Issue 5-1-1: Duplex mode and SCS
Should be align with CA PDSCH normal demodulation
Issue 5-1-2: Channel bandwidth 
OK with option 1.
Issue 5-1-3: TDD UL-DL pattern
OK with option 1
Sub-topic 5-2: CQI table and CSI reporting periodicity
Issue 5-2-1: CQI table
Ok with option 1.
Issue 5-2-2: CSI reporting type and periodicity
Ok with option 1
Sub-topic 5-3: Test metric
Issue 5-3-1: General principle for the test metric
Ok with option 1.
Issue 5-3-2: SNR configuration and test metric for 2DL CA CQI test
OK with the principle in option 1. The exact SNR values may need further discussion based on simulation.
Issue 5-3-3: SNR configuration and test metric for 3 or more DL CA CQI test
Same comments as issue 5-3-2
Issue 5-3-4: Threshold for delta CQI
More simulation may be needed to decide the value.
Sub-topic 5-4: Antenna configuration
Issue 5-4: Antenna configuration 
Maybe OK. Need more simulation

	China Telecom
	Sub-topic 5-1: Duplex mode, SCS, channel bandwidth and TDD pattern
Issue 5-1-1: Duplex mode and SCS
We support option 1, to reuse the duplex mode and SCS combinations for NR CA PDSCH normal demodulation requirements, and we can discuss the test applicability later.
Issue 5-1-2: Channel bandwidth
We support option 1. 
Issue 5-1-3: TDD UL-DL pattern
For FR2 120kHz SCS, according to QC comment, ok to use DDSU, which is aligned with Rel-15 single carrier CQI test.
Sub-topic 5-2: CQI table and CSI reporting periodicity
Issue 5-2-1: CQI table
We support option 1.
Issue 5-2-2: CSI reporting type and periodicity
We support option 1.
Sub-topic 5-3: Test metric
Issue 5-3-1: General principle for the test metric
We support option1.
Issue 5-3-2, Issue 5-3-3, Issue 5-3-4: 
According to our simulation results, it is feasible to reuse SNR configuration and test metric in LTE CA CQI test. But since this is the first meeting to discuss CA CQI test, we are ok to list our proposal as one option, and other options are not precluded. We can make decision after more companies bring the simulation analysis.
Sub-topic 5-4: Antenna configuration
Issue 5-4: Antenna configuration 
We support option 1.

	Intel
	Issue 5-1-1: Duplex mode and SCS
Multiple configurations are already covered by Normal CA scenarios. For CA CQI we suggest to focus on more typical scenarios:
· FR1: FDD-FDD with 15 kHz SCS and TDD-TDD with 30 kHz SCS
· FR2: TDD-TDD with 120 kHz SCS
Issue 5-1-2: Channel bandwidth
Support Option 1
Issue 5-1-3: TDD UL-DL pattern
Support Option 1. Same time, necessity of TDD pattern for 15 kHz depends on decision for issue 5-1-1.
Issue 5-2-1: CQI table
Support Option 1.
Issue 5-2-2: CSI reporting type and periodicity
Option 1 is fine for us.
Issue 5-3-1: General principle for the test metric
Support Option 1.
Issue 5-3-2, 5-3-3, 5-3-4
Discuss later based on simulation analysis.
Issue 5-4: Antenna configuration 
We are fine to consider 1x2 and 1x4. Same time, assumptions on signal power density require more discussion.

	DOCOMO
	Sub-topic 5-1: Duplex mode, SCS, channel bandwidth and TDD pattern
Issue 5-1-3: TDD UL-DL pattern
We prefer Option 1
Sub-topic 5-2: CQI table and CSI reporting periodicity
Issue 5-2-1: CQI table
Agree with CQI Table 2 for FR1. For FR2, we slightly prefer CQI Table 2. 
Sub-topic 5-4: Antenna configuration
Issue 5-4: Antenna configuration 
We need more discussion

	Huawei, HiSilicon
	Sub-topic 5-1: Duplex mode, SCS, channel bandwidth and TDD pattern
Issue 5-1-1: Duplex mode and SCS
We prefer Option 2 to select typical CA band combinations. The verification of supporting other CA with different SCS and/or duplex mode has been agreed in normal CA PDSCH performance requirements
Issue 5-1-2: Channel bandwidth 
Fine to Option 1
Sub-topic 5-3: Test metric
Issue 5-3-1: General principle for the test metric
Considering larger number of aggregated CCs introduced for NR, we are not sure if it is practical to verify all first SCell and other SCell.
Issue 5-3-2: SNR configuration and test metric for 2DL CA CQI test
Maybe it can be decided as per simulations
Issue 5-3-3: SNR configuration and test metric for 3 or more DL CA CQI test
Maybe it can be decided as per simulations
Issue 5-3-4: Threshold for delta CQI
Maybe it can be decided as per simulations
Sub-topic 5-4: Antenna configuration
Issue 5-4: Antenna configuration 
 Option 1 is fine for us


 
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 

	Topic#5
	Tentative agreements and Candidate options:
Sub-topic 5-1: Duplex mode, SCS, channel bandwidth and TDD pattern
· Issue 5-1-1: Duplex mode and SCS
· Option 1: Reuse the combinations and applicability rules from PDSCH CA (Qualcomm, CMCC, CTC)
· Option 2: (Huawei, Ericsson, Intel)
· FR1: FDD + FDD with 15 kHz SCS and TDD + TDD with 30 kHz SCS
· FR2: TDD + TDD with 120 kHz SCS
· Issue 5-1-2: Channel bandwidth
· Tentative agreement: Define performance requirements for all channel bandwidths listed in TS 38.101-1 and TS 38.101-2 for FR1 and FR2 (Huawei, China Telecom, Ericsson, Qualcomm, CMCC, Intel)
· Qualcomm: Should define an applicability rule to test only the largest CA bandwidth for any one of the CA capabilities, similar to LTE.
· China Telecom: The same set of requirements is applied for different CA bandwidth combinations, i.e., define requirements in a bandwidth agnostic way.
· Issue 5-1-3: TDD UL-DL pattern
· For 15kHz SCS, if it is agreed to cover TDD 15kHz
· Option 1: 3D1S1U with S=10:2:2 (CMCC, CTC, DCM)
· For 30kHz SCS
· Tentative agreement: 7D1S2U with S=6:4:4 (Ericsson, CMCC, CTC, Intel, DCM)
· For 120kHz SCS
· Option 1: 3D1S1U with S=10:2:2 (Ericsson, CMCC, Intel, DCM)
· Option 2: 2D1S1U with S=11:3:0 (Qualcomm, CTC)
· In existing FR2 CQI reporting tests, DDSU is used.

Sub-topic 5-2: CQI table and CSI reporting periodicity
· Issue 5-2-1: CQI table
· CQI table for FR1
· Tentative agreement: CQI Table 2 (CTC, Ericsson, Qualcomm, CMCC, Intel, DCM)
· CQI table for FR2
· Option 1: CQI Table 1 (CTC, Ericsson, Qualcomm, CMCC, Intel)
· Option 2: CQI Table 2 (DCM)
· Issue 5-2-2: CSI reporting type and periodicity
· Tentative agreement: Periodic CSI reporting with periodicity of 5 slots for 15kHz SCS, 10 slots for 30kHz SCS, and 8 slots for 120kHz SCS (CTC, Ericsson, Qualcomm, CMCC, Intel)
· Qualcomm: Note that for FR2, 8 slot periodicity will work for DDSU, not DDDSU.

Sub-topic 5-3: Test metric
· Issue 5-3-1: General principle for the test metric
· Tentative agreement: Following the methodology used in LTE, measure the difference between the wideband CQI indices of Pcell and the first Scell as well as the difference between the wideband CQI indices of the first Scell and the other Scell(s) (if any). (CTC, [Huawei], Ericsson, Qualcomm, CMCC, Intel)
· Huawei: Considering larger number of aggregated CCs introduced for NR, we are not sure if it is practical to verify all first SCell and other SCell.
· Issue 5-3-2: SNR configuration and test metric for 2DL CA CQI test
· SNR configuration for 2DL CA CQI test
· Option 1: SNRPcell = 10dB and SNRScell = 4dB (CTC, Ericsson)
· Option 2: TBD based on simulation results (Qualcomm, CMCC, Intel, Huawei)
· Issue 5-3-3: SNR configuration and test metric for 3 or more DL CA CQI test
· SNR configuration for 3 or more DL CA CQI test
· Option 1: SNRPcell = 12dB, SNRScell1 = 6dB, SNRScell2, 3,… = 0dB (CTC, Ericsson)
· Option 2: TBD based on simulation results (Qualcomm, CMCC, Intel, Huawei)
· Issue 5-3-4: Threshold for delta CQI
· Option 1: thr = 2 for 2 or more DL CA (CTC, Ericsson)
· Option 2: TBD based on simulation results (Qualcomm, CMCC, Intel, Huawei)

Sub-topic 5-4: Antenna configuration
· Issue 5-4: Antenna configuration
· Antenna configuration 
· Option 1: 1T2R and 1T4R (CTC, Ericsson, Intel, Huawei)
· Option 2: Keep open (Qualcomm)
· Signal power density for 2Rx and 4Rx bands
· Option 1: For 4Rx band, reduce the signal power density by 3dB compared to that for 2Rx (CTC, Ericsson, Huawei)
· Option 2: Keep open (Qualcomm, CMCC, Intel, DCM)



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

	#1
	Way forward on CA CQI reporting requirements
	China Telecom



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)

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”
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Table 1: Simulation results for WB vs SB PMI reporting under TDLC300-5 channel model-

Test case- SNR in dB at 90% of peak throughput. | PMI ratio-
SB PML, 2Rx - 14.49- &
SB PMLI, 4Rx~ 9.81- 3.95-
WB PML, 2Rx- 14.49- &
WB PML, 4Rx- 9.89- 3.36-

N





image8.png
=

Table 1: Simulation results for WB vs SB PMI reporting under TDLC300-5 channel model-

Test case- SNR in dB at 90% of peak throughput. | PMI ratio-
SB PML 2RX 19.70- 2.30-
SB PML. 4Rx- 14.02- ﬁ
‘WB PML, 2Rx- 17.02- 2.37-
‘WB PML., 4Rx- 12.03- 2.71.

"

As PMI ratios are similar for both WB and SB PMI and it was already agreed to define WB PMI
test cases for 32 Tx ports, RAN4 should define subband PMI tests for 16Tx ports to have a good
coverage. Therefore, we propose the following..
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