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Introduction
Rel-17 NR FeMIMO WI is a RAN1 leading WI with below major enhancement in RAN1 area
· Enhancement on multi-beam operation 
· Enhancement on multi-TRP
· Enhancement on SRS
· Enhancement on CSI reporting
In the last meeting, the scope of performance requirement of NR FeMIMO was under discussion and the related agreement was summarized as following table
	Items
	BS demodulation
	UE demodulation 
	CSI 

	Enhancement on multi-beam operation 
	NO
	NO
	NO

	Enhancements on multi-TRP
	Enhancements on Multi-TRP for PDCCH, PUCCH and PUSCH 

	NO
	M-TRP PDCCH repetition 
 
	NO

	
	Enhancements on Multi-TRP inter-cell operation
	NO
	No 
	NO

	
	Enhancements on beam management for multi-TRP
	NO
	NO
	NO

	
	Enhancements on HST-SFN deployment
	NO
	PDSCH for SFN scheme A
FFS for SFN scheme B
	NO

	Enhancement on SRS
	NO
	NO
	NO

	Enhancement on CSI reporting 
	M-TRP
	NO
	NO
	CSI for M-TRP

	
	FDD reciprocity 
	NO
	NO
	FFS PMI for enhanced Type II port selection codebook



Based on the RAN1 feature and work plan of NR FeMIMO, the scope of this email discussion mainly focuses to identify the test scope of performance requirements of NR FeMIMO, identify the potential impact of the UE demodulation requirements and CSI requirements. Meanwhile, the initial simulation assumption also should be discussed to facilitate the test case setup for requirements
In practical, the scope of this email discussion is indicated as follows agenda:
· UE Demodulation and CSI requirements (9.17.4)
· Demodulation requirement (9.17.4.1)
· Enhancement on HST-SFN scenario (9.17.4.1.1)
· Enhancement on Multi-TRP (9.17.4.1.2)
· CSI requirement (9.17.4.2)
· CSI reporting for multi-TRP (9.17.4.2.1)
· Rel-17 eType II port selection codebook (9.17.4.2.2)
List of candidate target of email discussion for 1st round and 2nd round 
· 1st round: Finalize the test scope for remaining issue of UE demodulation and CSI parts test cases
· 2nd round: Finalize the test setup and simulation assumption for UE demodulation and CSI parts test cases

It is appreciated that the delegates for this topic put their contact information in the table below.
Contact information
	Company
	Name
	Email address

	Samsung (Moderator)
	Yunchuan Yang
	yc0301.yang@samsung.com

	CMCC
	Jingjing Chen
	chenjingjing@chinamobile.com

	MediaTek
	Hannu Vesala
	hannu.vesala@mediatek.com

	Nokia, Nokia Shanghai Bell
	Karsten Petersen
	Karsten.petersen@nokia-bell-labs.com

	Anritsu
	Osamu Yamashita
	Osamu.Yamashita@anritsu.com

	Qualcomm
	Jahidur Rahman
	rahman@qti.qualcomm.com



Note:
1) Please add your contact information in above table once you make comments on this email thread. 
2) If multiple delegates from the same company make comments on single email thread, please add you name as suffix after company name when make comments i.e. Company A (XX, XX)
Topic #1: Demodulation requirement for Multi-TRP enhancement
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2211872
	Apple
	Proposal 1: Define multi-TRP PDCCH requirements with balanced SNR method. 
Proposal 2: Define PDCCH demod requirements with mTRP enhancement with AL2. 

	R4-2212112
	Nokia, NSB
	Proposal 1: Introduce PDCCH requirements for multi-TRP repetition transmission assuming UE soft-combining
Observation 1: Simulation conditions must be aligned for deciding on the on the aggregation level for the test set-up for PDCCH requirements for multi-TRP repetition transmission.
Observation 2: The main purpose of the PDCCH test set-up is to verify the UE processing performance during multi-TRP repetition transmission while TRP blocking in general is more related to system performance. 
Proposal 2: The SNR simulation settings for each TRP should be balanced with no blocking considered.
Observation 3: An aggregation level of AL=4 is expected to provide 2-4 dB improvement over AL=2, however the SNR operation condition might be satisfied with sufficient margin for AL=2 depending on the simulation results.
Proposal 3: Decide on the aggregation level for the test set-up for PDCCH requirements for multi-TRP repetition transmission after company alignment during RAN4#104e.

	R4-2212448
	MTK
	Proposal 1: We support Option 2 to define PDCCH requirement for multi-TRP repetition transmission scheme without UE soft-combing assumption.
Proposal 2: We support Option 1 for SNR setting for each TRP that corresponds balanced SNR.
Proposal 3: We prefer Option 1 for aggregation level that corresponds value 2.

	R4-2212551
	Ericsson
	Observation 1: There is a big performance gap between applying soft-combining or not. 
Proposal 1: Introduce one PDCCH requirement for Multi-TRP repetition transmission schemes with assuming UE doing soft-combining
Observation 2: The SNR for achieving 1% BLER with aggregation level AL=4 is too low to define requirement.
Proposal 2: Consider AL = 2 to define performance requirement
Proposal 3: Consider balance SNR for each TRP

	R4-2212559
	Qualcomm
	Proposal 1: Option 2 (Introduce PDCCH requirements for multi-TRP repetition transmission without UE soft-combining)
Proposal 2: Option 1 (Select AL assuming operating SNR > -4 dB)
Proposal 3: Option 1 (Choose AL=2)

	R4-2212560
	Qualcomm
	simulation results for multi-TRP PDCCH repetition scheme

	R4-2213840
	Huawei, HiSilicon
	Proposal 1: Define PDCCH requirement with UE soft-combining for multi-TRP repetition transmission schemes
Proposal 2: Select AL2 for PDCCH with FDM repetition scheme.
Proposal 3: Do not consider TRP blocking for multi-TRP PDCCH enhancement



Open issues summary
Last RAN4 meeting agreements in the WF R4-2210670
List of open issues
· Sub-topic 1-1: Test Setup for PDCCH requirement for Enhancement on Multi-TRP
· Issue 1-1-1: Receiver Assumption for PDCCH requirement for multi-TRP repetition transmission
· Issue 1-1-2: Aggregation Level
· Issue 1-1-3: Operating SNR condition for selection AL
· Issue 1-1-4: SNR setting for each TRP

Sub-topic 1-1: Test Setup for PDCCH requirement for Enhancement on Multi-TRP
Issue 1-1-1: Receiver Assumption for PDCCH requirement for multi-TRP repetition transmission 
· Observations
· Observation 1 (Ericsson): There is a big performance gap between applying soft-combining or not.
· Proposals
· Option 1 (Ericsson, Huawei, Nokia): With UE soft-combining
· Option 2 (Qualcomm, MTK): Without UE soft-combining 
· Recommended WF
· Encourage comments if any 
· Define PDCCH requirement for multi-TRP repetition transmission with additional margin. Soft-combining is up to UE implementation, FFS on the value of additional margin, pending on the alignment results?  
· Encourage companies further align the simulation results during RAN4#104-E meeting

	Duplex
	Antenna configuration
	Aggregation level
	
	
	
	SNR (dB)

	
	
	
	Huawei
	MTK (without)
	MTK (with soft-combining)
	MTK (without)-3dB
	MTK (with soft-combining)-3dB
	Apple
	Qualcomm
	Qualcomm-3dB
	Ericsson

	FDD
	2x2
	2
	-1.71
	4.03
	2.41
	1.03
	-0.59
	-1.4
	3.56
	0.56
	

	FDD
	2x4
	2
	-5.78
	0.07
	-1.50
	-2.93
	-4.5
	-5.2
	-0.5
	-3.5
	

	TDD
	2x2
	2
	-1.37
	4.15
	2.57
	1.15
	-0.43
	-1.2
	4.45
	1.45
	

	TDD
	2x4
	2
	-5.73
	0.11
	-1.40
	-2.89
	-4.4
	-4.8
	0.22
	-2.87
	



· GTW agreement



Issue 1-1-2: Aggregation Level
· Observations
· Observation 1 (Ericsson): The SNR for achieving 1% BLER with aggregation level AL=4 is too low to define requirement.
· Observation 2 (Nokia): 
· Simulation conditions must be aligned for deciding on the on the aggregation level for the test set-up for PDCCH requirements for multi-TRP repetition transmission.
· An aggregation level of AL=4 is expected to provide 2-4 dB improvement over AL=2, however the SNR operation condition might be satisfied with sufficient margin for AL=2 depending on the simulation results.
· Proposals
· Option 1 (Apple, Qualcomm, Ericsson, Huawei, MTK, [Nokia]): AL=2
· Option 2 (Nokia): Decide on the aggregation level for the test set-up for PDCCH requirements for multi-TRP repetition transmission after company alignment during RAN4#104e
· Recommended WF
· AL =2

Issue 1-1-3: Operating SNR condition for selection AL
· Proposals
· Option 1(Qualcomm): SNR > [-4] dB
· Recommended WF
· Apply SNR > [-4] dB for operating SNR condition for selection AL

Issue 1-1-4: SNR setting for each TRP
· Proposals
· Option 1 (Apple, Nokia, MTK, Huawei, Ericsson): The SNRs for TRP #1 and TRP #2 are assumed to be balanced with a scaling factor of 1/sqrt(2) for the transmitted signal from each TRP, without considering TRP blocking for multi-TRP PDCCH enhancement
· Recommended WF
· Do not consider TRP blocking for PDCCH requirement for Multi-TRP enhancement. The SNRs for TRP #1 and TRP #2 are assumed to be balanced with a scaling factor of 1/sqrt(2) for the transmitted signal from each TRP
· GTW agreement
· Do not consider TRP blocking for PDCCH requirement for Multi-TRP enhancement. The SNRs for TRP #1 and TRP #2 are assumed to be balanced for the transmitted signal from each TRP



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

	XXX
	Issue 1-1-1
Issue 1-1-2
Issue 1-1-3
Issue 1-1-4

	Apple
	Issue 1-1-1
The span is results is large. We are fine with defining requirements with additional margin to accommodate possible UE implementations.
Issue 1-1-2
We are fine with the recommended WF.
Issue 1-1-3
We are fine with the recommended WF.
Issue 1-1-4
We are fine with the recommended WF.
We would like to double check the necessity and assumption of 1/sqrt(2) scaling on each TRP. We didn’t have any such assumption for mTRP PDSCH demod requirements. 

	Ericsson
	Issue 1-1-1
Pleases find our simulation results (AL=2):
	Duplex
	Antenna configuration
	Aggregation level
	SNR (dB)

	
	
	
	Ericsson(with soft-combining)
	Ericsson(without soft-combining)

	FDD
	2x2
	2
	-3.8
	-2.4



Given the big performance difference among different companies’ results, we are fine with the recommended WF to consider additional margin and leave soft-combining to UE implementation. 
Issue 1-1-2
Fine with the recommended WF. 
Issue 1-1-3
Fine with the recommended WF. 
Issue 1-1-4
Fine with the recommended WF. 
Further check on the assumption of scaling factor 1/sqrt(2).

	Huawei
	Issue 1-1-1: Receiver Assumption for PDCCH requirement for multi-TRP repetition transmission
For the receiver assumption, since we have UE capability to report 2 or 3 of the BD number, we can define two SNRs in one case that the requirements with soft-combining assumption are applied if UE report 3 BDs and the requirements with non-soft-combining assumption are applied if UE report 2 BDs. Otherwise the requirements will be too relaxed for UE with soft-combining if we define one SNR requirement with additional margin, since there is very large gain (about 3dB) from soft-combining.
For the simulation results alignment, currently there is still large span about the simulation results even for the same receiver assumption. It is needed for further alignment. We suggest that interesting companies can provide both soft-combining and non-soft-combining results for alignment.
Issue 1-1-2: Aggregation Level
We are OK with the recommended WF.
Issue 1-1-3: Operating SNR condition for selection AL
We are OK with the recommended WF.
Issue 1-1-4: SNR setting for each TRP
Considering that the resource for different TRP are not overlapped, the scaling factor of 1/sqrt(2) should not be considered.

	Samsung
	Issue 1-1-1: Receiver Assumption for PDCCH requirement for multi-TRP repetition transmission
We think option 1 is more reasonable as with soft-combining requirement could cover more scenarios than without soft-combining case. Extra margin can be considered to accommodate different UE implementation. Based on the collected results, large span observed better further effort to align the assumption and results required.

Issue 1-1-2: Aggregation Level
We support the recommended WF.

Issue 1-1-3: Operating SNR condition for selection AL
We support the recommended WF.

Issue 1-1-4: SNR setting for each TRP
We support the recommended WF.

	MediaTek
	Issue 1-1-1
There seems to be large span in simulation results. Therefore we would like other companies to clarify if they have included additional 1/sqrt(2) scaling on each TRP in simulation assumptions. We have assumed this additional scaling in our results.
We support Option 2 to define requirements without UE soft-combining assumption to make requirements applicable for all UE implementations. Our simulations show approximately 1.5dB performance difference with and without soft-combining.
Issue 1-1-2
We are fine with the recommended WF.
Issue 1-1-3
We are fine with the recommended WF.
Issue 1-1-4
We are fine with the recommended WF.
We would also like to check need of 1/sqrt(2) scaling on each TRP.

	Nokia, Nokia Shanghai Bell
	Issue 1-1-1
We support that the PDCCH requirement for multi-TRP repetition transmission should be defined assuming UE soft combining. Any additional requirement margin (as proposed in the WF) should be based on simulation result alignment assuming soft-combining.
We don’t see soft-combining as an advanced receiver scheme, but rather the baseline of receivers.

Issue 1-1-2
Based on the provided simulation results among companies we agree to the recommended WF (AL=2)

Issue 1-1-3
We agree to the recommended WF (Operating SNR > [-4] dB) 

Issue 1-1-4
We agree with the intention of the WF to not include blocking.
However, we agree with companies that the assumption of 1/sqrt(2) is not immediately evident, and need to do further checking on this part. More input from proponents of this factor would be appreciated.

	Qualcomm
	Issue 1-1-1
We support option 2. We note that soft combining is an optional feature based on the UE capability, e.g., for BD factor 3. We think that RAN4 test cases should not be designed with an optional feature. Additionally, RAN1 did not make any explicit agreement on how BD factors would map to certain decoding assumptions, and we don’t see a necessity for this in RAN4.
Issue 1-1-2
We are okay with the recommended WF.
Issue 1-1-3
We are okay with the recommended WF.
Issue 1-1-4
We are okay with the recommended WF. However, we agree that further checking is needed in regard to TRP scaling and align across companies. Also, we would like to clarify that our results include the TRP scaling.


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

	XXX
	Company A

	
	Company B

	
	

	YYY
	Company A

	
	Company B

	
	



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

	Sub-topic #1-1
	Issue 1-1-1: Receiver Assumption for PDCCH requirement for multi-TRP repetition transmission 
· Proposals
· Option 1 (Ericsson, Huawei, Nokia, Samsung): With UE soft-combining
· Option 2 (Qualcomm, MTK): Without UE soft-combining 
· Option 3 (Samsung, Apple, Ericsson): left to UE implementation, additional margin can be considered
GTW agreement
· Specify requirements without specific receiver assumption, additional margin can be considered for UE supporting BD =2
· FFS whether specific receiver assumption shall be considered for UE supporting BD =3
· Option 1: Specify requirements without specific receiver assumption, additional margin can be considered
· Option 2: Assuming soft-combining
Candidate options:
· FFS whether specific receiver assumption shall be considered for UE supporting BD =3
· Option 1: Specify requirements without specific receiver assumption, additional margin can be considered
· Option 2: Assuming soft-combining
Recommendations for 2nd round:
· Simulation results summary among companies with non-considering scaling factor 
· Results from three companies are well aligned within 1.5db gap for soft-combining 
· Around 2.8dB performance gap between the best result (with soft-combing) and worst results (without soft-combining), additional [0.8] dB margin can be considered
· Companies are encouraged to provide the updated results in the 2nd round 
· Based on simulation results, encourage companies can check whether option 1 can be agreeable to move forward

	Duplex
	Tx/RX
	HW
（w）
	MTK (w0)
	MTK (w)
	MTK (w0)-3dB
	MTK (w)-3dB
	Apple
(w)
	QC
(wo)
	QC(wo-3dB)

	Gap (w)
	Gap (w0)
	Gap(w wo

	FDD
	2x2
	-1.71
	4.03
	2.41
	1.03
	-0.59
	-1.4
	3.56
	0.56
	1.12
	0.47
	2.74

	FDD
	2x4
	-5.78
	0.07
	-1.50
	-2.93
	-4.5
	-5.2
	-0.5
	-3.5
	1.28
	0.57
	2.85

	TDD
	2x2
	-1.37
	4.15
	2.57
	1.15
	-0.43
	-1.2
	4.45
	1.45
	0.94
	0.30
	2.82

	TDD
	2x4
	-5.73
	0.11
	-1.40
	-2.89
	-4.4
	-4.8
	0.22
	-2.87
	1.33
	0.02
	2.86



Issue 1-1-2: Aggregation Level
· Proposals
· Option 1 (Apple, Qualcomm, Ericsson, Huawei, MTK, [Nokia]): AL=2
· Option 2 (Nokia): Decide on the aggregation level for the test set-up for PDCCH requirements for multi-TRP repetition transmission after company alignment during RAN4#104e
Tentative agreements:
· AL=2

Issue 1-1-3: Operating SNR condition for selection AL
· Proposals
· Option 1(Qualcomm): SNR > [-4] dB
Tentative agreements:
· Apply SNR > -4 dB for operating SNR condition for selection AL

Issue 1-1-4: SNR setting for each TRP
· Proposals
· Option 1 (Apple, Nokia, MTK, Huawei, Ericsson): The SNRs for TRP #1 and TRP #2 are assumed to be balanced with a scaling factor of 1/sqrt(2) for the transmitted signal from each TRP, without considering TRP blocking for multi-TRP PDCCH enhancement
Tentative agreements:
· The SNRs for TRP #1 and TRP #2 are assumed to be balanced for the transmitted signal from each TRP, without considering TRP blocking for multi-TRP PDCCH enhancement

GTW agreement
· No need to consider scaling factor for PDCCH Multi-TRP test case with FDM scheme.




CRs/TPs
Moderator tries to summarize discussion status for 1st round and provides recommendation on CRs/TPs Status update
Note: The tdoc decisions shall be provided in Section 3 and this table is optional in case moderators would like to provide additional information. 
	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)


Topic #2: Demodulation requirement for Enhancement on HST-SFN scenario
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2211936
	CMCC
	Proposal 1: for scheme A, it is proposed to define PDSCH requirements with 870Hz doppler shift and MCS17. 
Proposal 2: for scheme B, it is proposed to define PDSCH requirements, and applicability rule is introduced.
Proposal 3: for pre-compensation modeling, it is proposed to consider frequency error between two RRHs.

	R4-2211937
	CMCC
	Simulation Result for HST-SFN scheme A

	R4-2212395
	NTT DoCoMo
	Proposal 1: As for TDD requirements of Rel-17 HST SFN scheme A, define MCS17 rank 2.
Proposal 2: As for FDD requirements of Rel-17 HST SFN scheme A, define 972Hz + MCS13 rank2.

	R4-2212447
	MTK
	Proposal 1: We support Option 2 not to introduce the PDSCH requirement with HST-SFN scheme B.
Observation 1: UE cannot achieve relative 70% throughput with Rank2 MCS17 and maximum doppler 972Hz.
Observation 2: UE has problems to achieve relative throughput of higher than 90% with Rank2 MCS17.
Proposal 2: We support Option 1 870Hz for maximum doppler shift.
Proposal 3: We prefer MCS 13 and Rank 2.
Proposal 4: We support UE capability proposal in Issue 2-2-3.
Observation 3: TRS slots have higher BLER due to higher code rate.
Observation 4: The last code block has higher BLER compared to other code blocks.

	R4-2212547
	Qualcomm
	Proposal 1: Option 2 (Not to introduce the PDSCH requirement with HST-SFN B)
Proposal 2: (15KHz SCS) Option 1: 870 Hz

	R4-2212549
	Ericsson
	Observation 1: Configuring MCS13 can reach 70% max Tput at a much lower SNR in comparison to the performance of MCS17.
Observation 2: A much higher SNR (around 19dB with 972Hz) is needed to reach 70% maximum throughput for MCS17 compared to MCS13. After the impairment margin, possibly the requirement will be over 20dB. 
Observation 3: No clear performance difference between configuring 870Hz and 972Hz with MCS13. Approximately 2dB gap with MCS17.
Proposal 1: Propose to select either combination 2: MCS13 + 972Hz for HST-SFN scheme A 15kHz SCS scenario.
Observation 4: The UE processing is quite different compared to HST scheme A, B and HST single tap.
Observation 5: The performance of HST-SFN scheme B is quite different in comparison to both HST-SFN scheme A and HST Single Tap.
Observation6: The SNR for achieving 70% maximum throughput for HST-SFN scheme B is around 11.6dB.
Proposal 2: Define PDSCH requirements for HST-SFN scheme B.
Proposal 3: Assume perfect modeling of TRP pre-compensation.

	R4-2212558
	Qualcomm
	Simulation result for HST-SFN scheme A

	R4-2212705
	Samsung
	Observation1: for FDD, compared with MCS13, MCS17 has larger SNR difference between maximum Doppler 870Hz and 972Hz.
Observation2: for FDD MCS17, the SNR points difference at 70% of peak rate is 2.6~3dB between maximum Doppler 870Hz and 972Hz.
Proposal 1: MCS17 and rank2 should be used for PDSCH requirement setup for HST-SFN scheme A with single carrier.
Proposal 2: Maximum Doppler shift for PDSCH requirement setup for HST-SFN scheme A with single carrier
· FDD, 870Hz
· TDD, 1667Hz
Proposal 3: SNR point at 70% peak rate for PDSCH requirement for HST-SFN scheme A with single carrier
	Case Number
	Duplex
	MCS level
	Maximum Doppler(Hz)
	Antenna Configuration
	SNR(dB)

	1
	FDD
	17
	870
	2x2
	13.1

	2
	FDD
	17
	870
	2x4
	10.0

	3
	TDD
	17
	1667
	2x2
	11.3

	4
	TDD
	17
	1667
	2x4
	8.3



Observation3: the SNR point of HST-SFN scheme B with perfect modeling of TRP pre-compensation, is 1.1~2.8dB worse than that of HST single tap channel modeling.
Proposal 4:  Introduce PDSCH requirements for HST-SFN scenario with scheme B.
Proposal 5: For PDSCH requirements for HST-SFN scheme B, both perfect modelling of TRP pre-compensation and delta Doppler shift 0.1ppm*fc modelling are acceptable. 
Proposal 6: SNR point at 70% peak rate for PDSCH requirement for HST-SFN scheme B with single carrier
	Case Number
	Duplex
	MCS level
	Antenna Configuration
	Max Doppler shift
	others
	SNR(dB)

	2
	FDD
	17
	2x2
	870Hz
	2 taps and 0Hz delta between 2 taps
	12.8

	3
	FDD
	17
	2x2
	870Hz
	2 taps and 0.1ppm delta between 2 taps
	13.6

	5
	FDD
	17
	2x4
	870Hz
	2 taps and 0Hz delta between 2 taps
	9.9

	6
	FDD
	17
	2x4
	870Hz
	2 taps and 0.1ppm delta between 2 taps
	10.6

	8
	TDD
	17
	2x2
	1667Hz
	2 taps and 0Hz delta between 2 taps
	13.8

	9
	TDD
	17
	2x2
	1667Hz
	2 taps and 0.1ppm delta between 2 taps
	14.6

	11
	TDD
	17
	2x4
	1667Hz
	2 taps and 0Hz delta between 2 taps
	11.2

	12
	TDD
	17
	2x4
	1667Hz
	2 taps and 0.1ppm delta between 2 taps
	11.9




	R4-2213839
	Huawei, HiSilicon
	Proposal 1: Select maximum Doppler 870Hz for 15kHz SCS for HST-SFN scheme A.
Proposal 2: Select MCS 17 and rank 2 for HST SFN scheme A
Proposal 3: Define PDSCH performance requirements for Scheme B for HST scenario.
Proposal 4: If UE supporting both HST SFN scheme A and B and supporting both 15kHz SCS and 30kHz SCS, then UE shall only pass scheme A with 15kHz and scheme B with 30kHz requirements. Do not define any other applicability rule between scheme A and scheme B.
Proposal 5: Explicitly consider the TRP pre-compensation model for scheme B requirement definition.
· The frequency shift  (Hz) from kth RRH is given by:
 for 
and 
 for 
where


	R4-2213841
	Huawei, HiSilicon
	Observation 1: Maximum Doppler 972Hz for 15kHz SCS cannot achieve the maximum throughput for HST SFN scheme A.



Open issues summary
Last RAN4 meeting agreements in the WF R4-2207208
List of open issues
· Sub-topic 2-1 Test Scope
· Issue 2-1-1: Whether to define PDSCH requirement with HST-SFN scheme B
· Issue 2-1-2: Modelling of TRP pre-compensation for HST-SFN scheme B
· Sub-topic 2-2 Test setup for PDSCH requirement for SFN scheme A with Single Carrier
· Issue 2-2-1: Maximum Doppler Shift
· Issue 2-2-2: MCS & Rank
· Issue 2-2-3: UE capability 


Sub-topic 2-1: Test Scope
Issue 2-1-1: Whether to define PDSCH requirement with HST-SFN scheme B
· Observations
· Observation 1(Ericsson): 
· The UE processing is quite different compared to HST scheme A, B and HST single tap.
· The performance of HST-SFN scheme B is quite different in comparison to both HST-SFN scheme A and HST Single Tap.
· The SNR for achieving 70% maximum throughput for HST-SFN scheme B is around 11.6dB.
· Proposals
· Option 1 (Samsung, CMCC, Ericsson, Huawei): Introduce the PDSCH requirement with HST-SFN B, 
· Option 1a (CMCC):  with test applicability rule 
· Option 1b(Huawei): If UE supporting both HST SFN scheme A and B and supporting both 15kHz SCS and 30kHz SCS, then UE shall only pass scheme A with 15kHz and scheme B with 30kHz requirements. Do not define any other applicability rule between scheme A and scheme B.
· Option 2 (Qualcomm, MTK):  Not to introduce the PDSCH requirement with HST-SFN B
· Recommended WF
· Further discuss the difference compared other transmission schemes from UE processing, deployment scenario and the receiver performance aspect and RAN4 will make decision on RAN4#104-e meeting whether HST SFN scheme B test cases will be specified or not

Issue 2-1-2: Modelling of TRP pre-compensation  
· Observations
· Observation 1(Samsung): 
· the SNR point of HST-SFN scheme B with perfect modeling of TRP pre-compensation, is 1.1~2.8dB worse than that of HST single tap channel modeling
· Proposals
· Option 1 (Samsung, Ericsson): Assume perfect modeling of TRP pre-compensation 
· Option 2 (Huawei, Samsung, CMCC): using the following method to modelling the Doppler shift during the test
· The frequency shift  (Hz) from kth RRH is given by:
 for 
and
 for 
where

· Recommended WF
· Encourage comments if any 

Sub-topic 2-2: Test Setup for PDSCH requirement for SFN scheme A with Single Carrier

Issue 2-2-1: Maximum Doppler Shift.
· Observations 
· Observation 1 (Huawei): Maximum Doppler 972Hz for 15kHz SCS cannot achieve the maximum throughput for HST SFN scheme A. Maximum Doppler 972Hz for 15kHz SCS cannot achieve the maximum throughput for HST SFN scheme A. 
· Observation 2 (Samsung):
· for FDD, compared with MCS13, MCS17 has larger SNR difference between maximum Doppler 870Hz and 972Hz.
· for FDD MCS17, the SNR points difference at 70% of peak rate is 2.6~3dB between maximum Doppler 870Hz and 972Hz.
· The performance of HST-SFN scheme B is around 1.2~1.4dB worse than that of HST single tap
· Observation 3 (Ericsson)
·  A much higher SNR (around 19dB with 972Hz) is needed to reach 70% maximum throughput for MCS17 compared to MCS13. After the impairment margin, possibly the requirement will be over 20dB.
· No clear performance difference between configuring 870Hz and 972Hz with MCS13. Approximately 2dB gap with MCS17.
· Observation 4 (MTK)
· UE cannot achieve relative 70% throughput with Rank2 MCS17 and maximum doppler 972Hz.
· Proposals
· Option 1(CMCC, Qualcomm, Samsung, Huawei, MTK): 870Hz for 15 KHz SCS
· Option 2 (NTT DoCoMO): 972Hz for 15 KHz SCS
· Option 3 (Ericsson): MCS 13+ 972Hz 
· Recommended WF
· Agreement in the last meeting
· RAN4 will make final decision about the value of Maximum Doppler shift in RAN4#104-e meeting based on the simulation results, e.g. compare the required SNR to achieve 70% of peak rate with MCS17 (or MCS13) with rank 2.
· Option 1: 870Hz (baseline)
· Option 2: 972Hz
· Encourage interested companies provide the simulation results for both Options in RAN4#104-e meeting
· Based on majority views, encourage companies can check whether 870Hz can be agreeable?
· GTW agreement
· Define PDSCH requirement with HST SFN scheme A with 870Hz Doppler shift for 15KHz SCS


Issue 2-2-2: MCS & Rank
· Observations
· Observation1 (Ericsson): Configuring MCS13 can reach 70% max Tput at a much lower SNR in comparison to the performance of MCS17.
· Observation 2 (MTK):
· UE has problems to achieve relative throughput of higher than 90% with Rank2 MCS17.
· TRS slots have higher BLER due to higher code rate.
· The last code block has higher BLER compared to other code blocks.
· Proposals
· Option 1 (MTK): MCS 13 with Rank 2
· Option 2 (NTT DoCoMo)
· TDD:  MCS 17 with Rank 2
· FDD:  MCS 13 with Rank 2
· Option 3 (CMCC, Samsung, Huawei): MCS 17 with Rank 2
· Recommended WF
· Agreement in the last meeting
· MCS17 rank 2 as the baseline. 
· RAN4 may consider MCS13 rank 2 according to the simulation results
· Based on majority views, encourage companies can check whether MCS17 with rank 2 can be agreeable?
· Simulation result summary 

	Case Number
	Duplex
	MCS level
	Maximum Doppler(Hz)
	Antenna Configuration
	SNR(dB)

	
	
	
	
	
	Samsung
	CMCC
	Ericsson
	Huawei
	MTK
	QC

	1
	FDD
	13
	870
	2x2
	9.5
	8.8
	8.5
	
	8.5
	

	2
	FDD
	13
	972
	2x2
	10.3
	8.9
	8.5
	
	10.0
	

	3
	FDD
	13
	870
	2x4
	6.1
	6.2
	
	
	6.4
	

	4
	FDD
	13
	972
	2x4
	6.9
	6.4
	
	
	8.0
	

	5
	FDD
	17
	870
	2x2
	13.1
	13.2
	17.0
	14.86
	17.1
	

	6
	FDD
	17
	972
	2x2
	16.1
	13.8
	19.0
	N.A
	N/A
	

	7
	FDD
	17
	870
	2x4
	10.0
	10.4
	
	12.35
	13.3
	

	8
	FDD
	17
	972
	2x4
	12.6
	10.5
	
	N/A
	N/A
	

	9
	TDD
	13
	1667
	2x2
	9.4
	
	
	
	11.0
	

	10
	TDD
	13
	1667
	2x4
	6.3
	
	
	
	8.6
	

	11
	TDD
	17
	1667
	2x2
	11.3
	
	
	14.80
	19.3
	

	12
	TDD
	17
	1667
	2x4
	8.3
	
	
	12.32
	15.0
	






Issue 2-2-3: UE capability
· Proposals
· Option 1 (MTK): The PDSCH demodulation requirements for HST-SFN Scheme A should be applicable for UE capable of “23-6-1 SFN scheme A (scheme 1) for PDSCH and PDCCH”
· Recommended WF
· Agreement in the last meeting

Companies views’ collection for 1st round 
Open issues 
Sub topic 2-1 
	Company
	Comments

	XXX
	Issue 2-1-1
Issue 2-1-2

	Apple
	Issue 2-1-1
We still support not to introduce requirements for HST Scheme B. HST Scheme B is based on Doppler compensation at the gNB. If the gNB compensates the Doppler reasonably well for 2nd TRP, it is common understanding that better performance will be observed compared to HST Scheme A. We should introduce gNB requirements for Doppler compensation in HST Scheme B rather than UE demod requirements.  

	CMCC
	Issue 2-1-1
Option 1.  Scheme B is different from existing Rel-16 HST-SFN joint transmision scheme, HST single tap or scheme A. With this approach of pre-compensation at gNB, even the doppler frequency shift experienced by UE is not so large, but it is noted that there is still residual doppler shift. Since UE still need to handle multi-path with doppler shift, it is better to guarantee UE demodulation performance.
As for the applicability rule, it is a compromise way to slove companies’ concern on the number of tests. And for the detail of the applicability rule, we are open to discussion.
Issue 2-1-2
Slightly prefer option 2. In our understanding, with doppler pre-compensation at gNB, there is still residual doppler shift, it is too ideal to assume frequency error is zero between two RRHs. It is better that the modeling could reflect the practical scenario.

	Ericsson
	Issue 2-1-1
We support option 1. 
The pre-compensation of scheme B assumed by RAN1 is only for Doppler shift from the 2nd RRH but the gNB does not compensate the time difference between two RRHs. Therefore, we would like to verify the UE demodulation performance under such circumstance. Meanwhile, scheme A and scheme B are two different UE features and capabilities. The performance of UE declaring its support on scheme B should be verified. 
Issue 2-1-2
We prefer option 1. But, ok to consider option 2 as well. 

	Huawei
	Issue 2-1-1: Whether to define PDSCH requirement with HST-SFN scheme B
Option 1 for the following reasaons.
1. Scheme A and scheme B are different UE features defined from RAN1, there is necessity to define requirements for both of them to ensure the test coverage since UE may only support only one of them.
2. For delay, scheme B have two taps with two corresponding TCI for tracking at the same time SFN or single-tap scheme that has only one TCI state.
3. For Doppler, scheme A and scheme B have different propagation conditions that require different UE processing algorithm. For scheme B, UE still needs to estimate the Doppler pre-compensation error between two TRP for channel estimation.
Therefore, we prefer to introduce the PDSCH requirement with HST-SFN scheme B.
For the applicability rule, to reduce the test effort and to ensure the test coverage at the same time, we propose to reuse the same method as Rel-17 HST WI to test different UE feature with different SCS, i.e. Option 1b. We don’t think other applicability rule should be defined since there are different UE feature and different UE processing for scheme A and scheme B as the reason above.
Issue 2-1-2: Modelling of TRP pre-compensation for HST-SFN scheme B
We prefer Option 1. The modelling frequency error between different TRP is not to verify TRP performance, but to verify proper UE implementation under such case that is more consistent with the real scenario. Also the modelled frequency error value is reasonable based on following calculation that there is still   frequency error for the tap from different TRP at UE receiver side that is twice of frequency error that RAN4 considered for Rel-16 normal multi-TRP scenario.
In addition, we suggest to change the issue title to “Channel model for HST-SFN scheme B”.
	
	TRP#1
	TRP#2

	1st
	BS DL Tx freq
	
	

	
	UE DL Rx freq
	
	

	
	UE UL Tx freq
	
	-

	
	BS UL Rx freq
	
	

	
	BS UL Rx freq offset
	
	

	
	pre-comp freq
	-
	

	2nd
	BS DL Tx freq
	
	

	
	UE DL Rx freq
	
	




	Samsung
	Issue 2-1-1: Whether to define PDSCH requirement with HST-SFN scheme B
We support option 1. As scheme A is UE based solutions for HST-SFN deployment and scheme B is NW based solution for HST-SFN deployment, for 2 TRPs scenario, UE should handle two paths with two different Doppler shifts for scheme A, while UE should handle two paths with the same Doppler shifts for scheme B. UE has obviously different processing for these two schemes.  In addition, test applicable rules between Scheme A and Scheme B can be considered to minimize test effort. 
Issue 2-1-2: Modelling of TRP pre-compensation
From UE processing aspect, there is no difference for both options. We are ok with both options. But from the simplicity of TE aspect, it is more convenience to use option 1.

	MediaTek
	Issue 2-1-1
We still support Option 2 not to introduce requirements for HST-SFN Scheme B. Scheme B has lower doppler compared to Scheme A and testing Scheme A can be considered enough. Apple has good point that if something would be tested for Scheme B that should be doppler compensation in gNB.

	Qualcomm
	Issue 2-1-1
We support option 2. With Scheme B, PDSCH will be Doppler pre-compensated from the network side, therefore it is not expected to be impacting the UE demod processing in a meaningful way. Even in the presence of residual Doppler (after Doppler pre-compensation), UE should be able to deal with it as the residual Doppler is expected to be very small. Similar to Apple/MTK, we also think that perhaps gNB verification of Doppler pre-compensation is more relevant here rather than defining UE requirements for this feature.


 
Sub topic 2-2 
	Company
	Comments

	XXX
	Issue 2-2-1
Issue 2-2-2
Issue 2-2-3

	Apple
	Issue 2-2-1
Based on simulation results from companies, we see that max TP is nor reached with Max Doppler of 972 Hz. We support to use max Doppler of 870Hz for HST Scheme A requirements in FDD. 
Issue 2-2-2
The agreement was to decide MCS based on simulation results and based on simulation results we observe that max TP is not reached with MCS17 with rank 2. We don’t think it is feasible to define requirements with MCS 17 for rank 2 for this reason. We think MCS 13 is a more reasonable. 

	CMCC
	Issue 2-2-1
Option 1. This issue can be considered together with issue 2-2-2, we support 870Hz doppler shift with MCS17 rank 2. According to our simulation results, the maximum throughput can be achieved with 870Hz doppler shift and MCS17. While for the case with 972Hz doppler shift and MCS17, there is performance degradation and the maximum throughput cannot be achieved. Based on above observation, it is proposed to consider 870Hz doppler shift and MCS17.
Issue 2-2-2
Option 3. MCS17 with rank 2 is agreed in previous meeting, and according to our simulation results, the maximum throughput can be achieved with 870Hz doppler shift and MCS17.

	Docomo
	Issue 2-2-1
Our preference is Option 3.
Based on all simulation results in the contribution, MCS13 + 870Hz can reach the peak throughput. So, this combination is feasible.
However, since MCS13 + 870Hz is the same as Rel-16 HST-SFN, we think it would be better to avoid this combination in order to reflect the improvements made by Rel-17 HST-SFN scheme A in the test parameters.
In addition, in the contributions of some companies, there are simulation results that can reach the peak throughput even in the case of 972Hz + MCS13 and 870Hz + MCS17. Therefore, we think that these combinations are still considerable.
From Japanese operator's point of view, Maximum Doppler shift is considered more important than MCS because this value affects the frequencies that can be operated in commercial NW in 500 km/h.

Issue 2-2-2
For TDD, we support MCS 17 with Rank2.
For FDD, our first priority is MCS 13 with Rank2. If RAN4 defines 870Hz, we support MCS 17 with Rank2.

	Ericsson
	Issue 2-2-1 and 2-2-2
We share similar view as DOCOMO. It would be better to select higher Doppler shift than Rel-16 HST-SFN to show the improvements brought by scheme A. 
We prefer to discuss the Doppler shift and MCS together. 
In Rel-17 HST-SFN scheme A, UE only needs to assume one TRP per TRS. Therefore, theoretically, it is possible to assume the maximum Doppler shift up to 1650Hz for SCS=15kHz, which is same assumption as Rel-16 HST single tap scenario.
We also think setting fmax=972Hz is important to guarantee the UE performance with 500km/h in FDD low band (band n1 2.1GHz) as requested by operators.
From simulation point of view, from our simulation results, configuring MCS13 and 972Hz can also reach the max throughput, and it can achieve 70% max throughput at a reasonable SNR point (). 
Based on the above, we support option 3. 

	Huawei
	Issue 2-2-1: Maximum Doppler Shift.
We prefer Option 1. It is not feasible to consider 972Hz Doppler for 15kHz SCS since it exceeds the maximum UE TRS tracking capability for 15kHz and cause the “Doppler wrap” issue so that UE cannot achieve the maximum throughput.
Issue 2-2-2: MCS & Rank
We prefer Option 3. As per our evaluation, MCS 17 with rank 2 is feasible for HST SFN scheme A.

	Samsung
	Issue 2-2-1: Maximum Doppler Shift.
We support the recommended WF. 870Hz for 15kHz.
Issue 2-2-2: MCS & Rank
We support the recommended WF. MCS17 with rank 2.

	MediaTek
	Issue 2-2-1
We support Option 1 for maximum doppler shift of 870Hz for 15kHz SCS. We can see performance issues in many simulation results with maximum doppler shift of 972Hz. Lower doppler is more robust option for performance requirement.
Issue 2-2-2
We support Option 1 for MCS13 with Rank2. We can see performance issues in some simulation results with higher MCS17 and therefore we would suggest selecting more robust and still adequate MCS13 for final requirements. In previous meeting MCS17 was considered as a baseline but the final decision was left open for more complete simulation results.

	Qualcomm
	Issue 2-2-1
With Scheme A, UE will make use of the estimated Dopplers from two TRSs tracked by two TCI states. We think that the assumption of single-tap model, for which a higher Doppler may be assumed is not applicable here. Hence, we support a lower Doppler, i.e., option 1 (870 Hz).
Issue 2-2-2
We support option 1. Many companies can’t achieve peak throughput with MCS17. Furthermore, Rel-15 HST-SFN test cases were defined with MCS13. Therefore, we would like to go with MCS13 here as well.


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

	XXX
	Company A

	
	Company B

	
	

	YYY
	Company A

	
	Company B

	
	



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

	Sub-topic#2-1
	Issue 2-1-1: Whether to define PDSCH requirement with HST-SFN scheme B
Candidate options
· Proposals
· Option 1 (Samsung, CMCC, Ericsson, Huawei): Introduce the PDSCH requirement with HST-SFN B, 
· Option 1a (CMCC):  with test applicability rule 
· Option 1b(Huawei): If UE supporting both HST SFN scheme A and B and supporting both 15kHz SCS and 30kHz SCS, then UE shall only pass scheme A with 15kHz and scheme B with 30kHz requirements. Do not define any other applicability rule between scheme A and scheme B.
· Option 2 (Qualcomm, MTK, Apple):  Not to introduce the PDSCH requirement with HST-SFN B
Recommendations for 2nd round:
· Scheme A and scheme B are different UE feature with UE capability, different baseband process, channel model, TCI configuration for them. Considering the test coverage for UE only supported scheme B, encourage companies can check whether the following compromise option can be agreeable?
· Introduce PDSCH requirement with HST-SFN scheme B with test applicability rule
· If UE support HST-SFN scheme A and pass the test of HST SFN scheme A, it can skip the test of HST SFN scheme B

Issue 2-1-2: Modelling of TRP pre-compensation  
· Proposals
· Option 1 (Samsung, Ericsson): Assume perfect modeling of TRP pre-compensation 
· Option 2 (Huawei, Samsung, CMCC): using the following method to modelling the Doppler shift during the test
· The frequency shift  (Hz) from kth RRH is given by:
 for 
and
 for 
where

Recommendations for 2nd round:
· Minor performance different with option 1 and option 2. From UE baseband processing perspective, there is no different with two options. To simplify the TE complexity, encourage companies to check whether option 1 can be agreeable?

	Case Number
	Duplex
	MCS level
	Antenna Configuration
	Max Doppler shift
	others
	SNR(dB)

	2
	FDD
	17
	2x2
	870Hz
	2 taps and 0Hz delta between 2 taps
	12.8

	3
	FDD
	17
	2x2
	870Hz
	2 taps and 0.1ppm delta between 2 taps
	13.6

	5
	FDD
	17
	2x4
	870Hz
	2 taps and 0Hz delta between 2 taps
	9.9

	6
	FDD
	17
	2x4
	870Hz
	2 taps and 0.1ppm delta between 2 taps
	10.6

	8
	TDD
	17
	2x2
	1667Hz
	2 taps and 0Hz delta between 2 taps
	13.8

	9
	TDD
	17
	2x2
	1667Hz
	2 taps and 0.1ppm delta between 2 taps
	14.6

	11
	TDD
	17
	2x4
	1667Hz
	2 taps and 0Hz delta between 2 taps
	11.2

	12
	TDD
	17
	2x4
	1667Hz
	2 taps and 0.1ppm delta between 2 taps
	11.9





	Sub-topic#2-2
	
Issue 2-2-1: Maximum Doppler Shift.
GTW agreement
· Define PDSCH requirement with HST SFN scheme A with 870Hz Doppler shift for 15KHz SCS

Issue 2-2-2: MCS & Rank
Candidate options
· Proposals
· Option 1 (MTK, Apple, Qualcomm): MCS 13 with Rank 2
· Option 2 (NTT DoCoMo)
· TDD:  MCS 17 with Rank 2
· FDD:  MCS 13 with Rank 2
· Option 3 (CMCC, Samsung, Huawei, NTT DoCoMo (if Doppler is 870Hz)): MCS 17 with Rank 2
Recommendations for 2nd round:
· Agreement in the last meeting
· MCS17 rank 2 as the baseline. 
· RAN4 may consider MCS13 rank 2 according to the simulation results
· Simulation results summary
· Both MCS 13 and MCS 17 are feasible under Doppler with 870Hz
· Results with MCS 13 are aligned well among companies within 2dB gap
· Results with MCS 17 are aligned well among three companies within 2 dB gap
· Companies are encouraged to further check the simulation results during 2nd round discussion
· Based on majority views, encourage companies can check whether MCS17 with rank 2 can be agreeable to move forward, considering the performance improvement compared with Rel-16 HST SFN

	Case Number
	Duplex
	MCS level
	Maximum Doppler(Hz)
	Antenna Configuration
	SNR(dB)

	
	
	
	
	
	Samsung
	CMCC
	Ericsson
	Huawei
	MTK
	QC

	1
	FDD
	13
	870
	2x2
	9.5
	8.8
	8.5
	
	8.5
	7.98

	2
	FDD
	13
	972
	2x2
	10.3
	8.9
	8.5
	
	10.0
	

	3
	FDD
	13
	870
	2x4
	6.1
	6.2
	
	
	6.4
	6.27

	4
	FDD
	13
	972
	2x4
	6.9
	6.4
	
	
	8.0
	

	5
	FDD
	17
	870
	2x2
	13.1
	13.2
	17.0
	14.86
	17.1
	

	6
	FDD
	17
	972
	2x2
	16.1
	13.8
	19.0
	N.A
	N/A
	

	7
	FDD
	17
	870
	2x4
	10.0
	10.4
	
	12.35
	13.3
	

	8
	FDD
	17
	972
	2x4
	12.6
	10.5
	
	N/A
	N/A
	

	9
	TDD
	13
	1667
	2x2
	9.4
	
	
	
	11.0
	9.75

	10
	TDD
	13
	1667
	2x4
	6.3
	
	
	
	8.6
	7.32

	11
	TDD
	17
	1667
	2x2
	11.3
	
	
	14.80
	19.3
	

	12
	TDD
	17
	1667
	2x4
	8.3
	
	
	12.32
	15.0
	




Issue 2-2-3: UE capability
· Proposals
· Option 1 (MTK): The PDSCH demodulation requirements for HST-SFN Scheme A should be applicable for UE capable of “23-6-1 SFN scheme A (scheme 1) for PDSCH and PDCCH”

Tentative agreement
· Agreement in the last meeting: The PDSCH demodulation requirements for HST-SFN Scheme A should be applicable for UE capable of “23-6-1 SFN scheme A (scheme 1) for PDSCH and PDCCH”





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)
Moderator can provide summary of 2nd round here. Note that recommended decisions on tdocs should be provided in the section titled ”Recommendations for Tdocs”.


Topic #3: CSI reporting requirment for multi-TRP 
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2212544
	Qualcomm
	Proposal 1: Consider beam-steering model into the multi-TRP PMI reporting test set-up.

	R4-2212550
	Ericsson
	Observation 1: the throughput gain for 4Tx is 1.43 at 70% max Tput, 1.42 at 70% max Tput and 1.35 at 90% max Tput
Observation 2: the throughput gain for 8Tx is 2.86 at 70% max Tput, 2.61 at 70% max Tput and 2.36 at 90% max Tput
Observation 3: 8Tx has obviously better performance over that of 4Tx on 70%/80%/90% max performance
Proposal 1: 8 ports for each TRP

	R4-2212706
	Samsung
	Proposal 1: Introduce multi-TRP PMI test cases with number of CSI ports per TRP: 8 ports
Proposal 2: Introduce multi-TRP PMI test cases with minimum requirement as [1.6]

	R4-2213837
	Huawei, HiSilicon
	Proposal 1: Select 4 ports per TRP for CSI reporting requirements for mTRP.



Open issues summary
Last RAN4 meeting agreeements in the WF R4-2210669
List of open issues
· Sub-topic 3-1: Test setup for CSI reporting requirement for m-TRP transmission
· Issue 3-1-1: Number of CSI-RS Port
· Issue 3-1-2: Beamforming Model
· Issue 3-1-3: Gamma value

Sub-topic 3-1: Test Setup of CSI reporting requirement for m-TRP transmission 
Issue 3-1-1: Number of CSI-RS port
· Observations
· Observation 1 (Ericsson)
· the throughput gain for 4Tx is 1.43 at 70% max Tput, 1.42 at 70% max Tput and 1.35 at 90% max Tput
· the throughput gain for 8Tx is 2.86 at 70% max Tput, 2.61 at 70% max Tput and 2.36 at 90% max Tput
· 8Tx has obviously better performance over that of 4Tx on 70%/80%/90% max performance
· Proposals
· Option 1 (Ericsson, Samsung): 8 ports per TRP
· Option 2 (Huawei): 4 ports per TRP
· Recommended WF
· Agreement in the last meeting
· MIMO correlation: XP high
· 8 ports per TRP as baseline
· Test Metric: TP ratio between following PMI and Random PMI
· Test point: 90%
· Encourage interesting companies to provide simulation results for both 4 and 8 ports in RAN4#104-e meeting, and make the final decision in RAN4#104-e meeting
· Simulation results summary 

	
	Samsung
	Huawei
	Ericsson

	SNR point(dB)/TP ratio (following Type I PMI /random Type I PMI)
	XP High 4x2
(90%)
	XP High 8x2
(90%)
	XP High 4x2
(90%)
	XP High 8x2
(90%)
	XP High 4x2
(90%)
	XP High 8x2
(90%)

	FDD 2RX
	11.0 dB/1.51
	8.7 dB/2.6
	1.31
	2.06
	12.7dB/1.35
	9.3 dB/2.36

	FDD 4RX
	8.6 dB/1.56
	5.1 dB/3.27
	1.61
	2.39
	
	

	TDD 2RX
	10.9 dB/1.55
	7.6 dB/2.96
	1.44
	2.06
	
	

	TDD 4RX
	8.1 dB/1.63
	4.9 dB/3.38
	1.70
	2.38
	
	



· Based on companies result, 8 Tx port can achieve large performance gain compared with 4Tx. Encourage companies can check whether number of CSI-RS port as 8 can be agreeable?

Issue 3-1-2: Beamforming Model
· Proposals
· Option 1(Qualcomm): Consider beam-steering model into the multi-TRP PMI reporting test set-up.
· Recommended WF
· Option 1?

Issue 3-1-3: Gamma value 
· Proposals
· Option 1 (Samsung): [1.6]
· Recommended WF
· Encourage comments if any 
Companies views’ collection for 1st round 
Open issues 
Sub topic 3-1 
	Company
	Comments

	XXX
	Issue 3-1-1
Issue 3-1-2
Issue 3-1-3

	Ericsson
	Issue 3-1-1
Fine with the recommended WF.
Issue 3-1-2
Fine with option1. 
Issue 3-2-3
Further discuss based on the simulation results from more companies. 

	Huawei
	Issue 3-1-1: Number of CSI-RS port
We prefer Option 2. From our understanding, considering that we are defining the minimum requirements, more test coverage should be considered firstly to ensure UE such that support only 4 ports can also perform the test. Also, we think it is feasible to define cases with lower gain since in Rel-15 RI requirements, some cases are even defined with TP ratio of 0.9. 
Issue 3-1-2: Beamforming Model
We are OK with Option 1. The beam steering matrix for different TRxP can be independently generated, applying the same method as single TRP PMI case.
Issue 3-1-3: Gamma value
If the 4-port case is introduced, we prefer to use the gamma value 1.15. If the 8-port case is introduced, we are OK to use the gamma value 1.6.

	Samsung
	Issue 3-1-1: Number of CSI-RS port
We prefer 8 ports.
Issue 3-1-2: Beamforming Model
We are ok with option 1.
Issue 3-1-3: Gamma value
We suggest set gamma value as 1.6 for 8 ports case.

	MediaTek
	Issue 3-1-1
We are fine with recommended WF.

	Nokia, Nokia Shanghai Bell
	Issue 3-1-1
We agree to the WF recommendation (number of CSI-RS ports = 8)
We still don’t like that more CSI-RS ports are configured than needed, to achieve the same performance, but we can compromise to achieve a common test setup.

Issue 3-1-3
We can agree to use Gamma=[1.6] as baseline and to discuss further based on simulation results


	Qualcomm
	Issue 3-1-1
We support option 1. It has already been pointed out the throughput gain is minimal with 4 ports per TRP. 
Issue 3-1-2
We support the recommended WF. We note that the existing single TRP PMI reporting tests have beam steering so that it could be tested whether UE is able to properly report PMI as the channel direction changes over time. Without considering beam-steering model into the m-TRP test setup, we will not be able to test whether UE can adapt to changing channel directions. Therefore, the performance requirement would be incomplete. We encourage companies to bring results considering beam steering in the next meeting.
Issue 3-1-3
We think that gamma value should be decided based on the simulation results, including beam steering. This can be decided after reviewing results in the next meeting.


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

	XXX
	Company A

	
	Company B

	
	

	YYY
	Company A

	
	Company B

	
	



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

	Sub-topic#3-1
	Issue 3-1-1: Number of CSI-RS port
Candidate options:
· Observations
· Observation 1 (Ericsson)
· the throughput gain for 4Tx is 1.43 at 70% max Tput, 1.42 at 70% max Tput and 1.35 at 90% max Tput
· the throughput gain for 8Tx is 2.86 at 70% max Tput, 2.61 at 70% max Tput and 2.36 at 90% max Tput
· 8Tx has obviously better performance over that of 4Tx on 70%/80%/90% max performance
· Proposals
· Option 1 (Ericsson, Samsung, Nokia, Qualcomm, MTK): 8 ports per TRP
· Option 2 (Huawei): 4 ports per TRP
Recommendations for 2nd round:
· Agreement in the last meeting
· MIMO correlation: XP high
· 8 ports per TRP as baseline
· Test Metric: TP ratio between following PMI and Random PMI
· Test point: 90%
· Encourage interesting companies to provide simulation results for both 4 and 8 ports in RAN4#104-e meeting, and make the final decision in RAN4#104-e meeting
· Simulation results summary 
· Based on companies result, 8 Tx port can achieve large performance gain compared with 4Tx. Based on the majority view 
· Encourage companies can check whether number of CSI-RS port as 8 can be agreeable?
	
	Samsung
	Huawei
	Ericsson

	SNR point(dB)/TP ratio (following Type I PMI /random Type I PMI)
	XP High 4x2
(90%)
	XP High 8x2
(90%)
	XP High 4x2
(90%)
	XP High 8x2
(90%)
	XP High 4x2
(90%)
	XP High 8x2
(90%)

	FDD 2RX
	11.0 dB/1.51
	8.7 dB/2.6
	1.31
	2.06
	12.7dB/1.35
	9.3 dB/2.36

	FDD 4RX
	8.6 dB/1.56
	5.1 dB/3.27
	1.61
	2.39
	
	

	TDD 2RX
	10.9 dB/1.55
	7.6 dB/2.96
	1.44
	2.06
	
	

	TDD 4RX
	8.1 dB/1.63
	4.9 dB/3.38
	1.70
	2.38
	
	




Issue 3-1-2: Beamforming Model
Candidate options:
· Proposals
· Option 1(Qualcomm, Samsung, Huawei): Consider beam-steering model into the multi-TRP PMI reporting test set-up.
Tentative agreement:
· Consider beam-steering model into the multi-TRP PMI reporting test set-up.

Issue 3-1-3: Gamma value 
Candidate options:
· Proposals
· Option 1 (Samsung, Huawei, Nokia): [1.6] for 8 ports
· Option 2 (Huawei): [1.15] for 4 ports
Recommendations for 2nd round:
· Option1 as baseline, further discussion gamma value based on simulation results 
· Companies are encouraged to provide the updated results during 2nd round if possible 





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)
Moderator can provide summary of 2nd round here. Note that recommended decisions on tdocs should be provided in the section titled ”Recommendations for Tdocs”.


Topic #4: PMI reporting requirement for Rel-17 enhanced Type II PS codebook
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2211539
	Anritsu
	Observation 1: It is challenging for the test equipment to update a random PMI in slot-by-slot basis while maintaining its integrity of each parameter. 
Observation 2: To achieve the random PMI from a TE implementation viewpoint, a presumable method is to limit parameters to randomize only with the similar parameters between Type I single panel and FeType II for the sake of simplifying the implementation. 
Observation 3: In a case we apply the method with observation 2, since i18 (i.e. strongest coefficient) isn’t randomized, there would be a case that a position of the strongest beam does not change. 
Observation 4: Even with the hardcoding method by the test equipment to randomize PMI, there are remaining issues to be studied yet. 
Proposal 1: Support Option 3 for test metric: Following FeType II CB PMI over Type I single panel random PMI. 

	R4-2212113
	Nokia, NSB
	Observation 1: There is a need to specify how to beamform the CSI-RS for Rel-17 TypeII-PS codebook performance requirements.
Observation 2: Beamforming of CSI-RS should fit the spatial and frequency domain properties of the radio multipath fading channel.
Observation 3: TDL “low” channel models do not have a realization independent spatial component.
Observation 4: The TPUT performance gain of Rel-17 eTypeII PS, and the feedback compression from measuring the SD precoder in UL, can only be achieved using a spatially dependent channel model.
Observation 5: Rel-13 LTE Class B K=1 MIMO fading channel, and the fading channel/steering matrix approach from TS 36.101, B2.3.A4 and B2.3B.4, will not differ significantly from each other performance wise when used in combination with TDL. There is no technical basis to prefer one over the other out of these three.
Observation 6: As stated in TS 38.901, TDL channel model should not be used for MIMO evaluations.
Observation 7: In spatially dependent codebook performance testing, a spatial channel model should be used. We suggest using a link level channel model such as CDL with angular translation and scaling, for both CSI and data.
Observation 8: In one implementation, the FD precoding of CSI-RS ports can be taken into account by scaling the SD precoding vectors with the average path gain of the TDL model in each subband.
Observation 9: We outlined a method to specify a robust and common approach for implementation and derivation of hard-codable CSI-RS port precoders from TDL/CDL channel models in TEs.
Observation 10: All three test metric proposals are usable in our opinion, option1 (follow PMI over random PMI) might be the easiest/lowest complexity to implement in TEs.
Proposal 1: RAN4 to include performance requirements for Rel-17 eTypeII PS codebooks in the Rel-18 timeframe, and to start from the test setups contributed to, and discussed in, RAN4#104.

	R4-2212546
	Qualcomm
	Proposal 1: Do not define performance requirement for Rel-17 FeTye II PS codebook

	R4-2212552
	Ericsson
	Observation 1: Power scaling method has low complexity and makes TEs from different vendors comparable
Observation 2: Option 2 and 3 are easier for testing, more feedback on the feasibility of option 2 and 3 from TE vendors are necessary
Proposal 1: Power scaling method with fixed or no Wf can be considered to do the initial evaluation
Proposal 2: Consider option 2: transparent to UE under test operation
Proposal 3: Consider option 1: follow PMI with random PMI if the requirement is introduced 
Observation 3: Power scaling method with fixed or no Wf has its own limitation. More practical way is needed to better reflect the actual processing for both BS and UE side so that to guarantee the overall performance 
Proposal 4: Postpone the requirement for Rel-17 Type II PS CB to the at least next release to find better test setup with low complexity and better reflection of actual overall performance.

	R4-2212707
	Samsung
	Proposal 1: for wide beam  modeling, option 1a (MIMO fading channel as Rel-13 LTE Class B K=1 PMI test case) should be used.
Proposal 2: for frequency selective precoding   modeling, option 1 (explicitly derived from chosen TDL model) should be used if TE support.
Proposal 3: support option 1 (following PMI with random PMI) as Test metric.

	R4-2213838
	Huawei, HiSilicon
	1. [bookmark: _Hlk111131972]Define PMI reporting requirement for Rel-17 FeTypeII port selection codebook based on evaluation on the performance gain over eTypeII codebook.
Considering the timeline of this WI, the basic feature M=1 should be prioritized and therefore the Wf is assumed with all-one vector if Rel-17 FeTypeII PS codebook PMI reporting requirements are defined.
Each angle-delay pair in the collection represent a tap with the fixed delay associated with one CSI-RS port so TE can keep CSI-RS precoding unchanged during the test.
Select all CSI-RS ports with no non-zero coefficients (i.e. α=1, β=1, configuration 4 in TS 38.214 Table 5.2.2.2.7-1) if Rel-17 FeTypeII PS codebook PMI reporting requirements are defined.
Consider “following FeType II CB PMI over Type 1 single panel random PMI” as the test metric if Rel-17 FeTypeII PS codebook PMI reporting requirements are defined.
Only consider SU-MIMO setup if Rel-17 FeTypeII PS codebook PMI reporting requirements are defined.
Select 16 ports, rank2 and MCS20 if Rel-17 FeTypeII PS codebook PMI reporting requirements are defined. For other parameters such as CSI-RS resource Type, reportConfigType, reuse from Rel-16 eTypeII PMI cases.



Open issues summary
Last RAN4 meeting agreeements in the WF R4-2210669
List of open issues
· Sub-topic 4-1: Test Scope
· Issue 4-1-1: Whether to define PMI requirement for Rel-17 FeTye II PS codebook
· Sub-topic 4-1: Test setup of PMI reporting
· Issue 4-2-1: BF modelling 
· Issue 4-2-2 Test Metric
· Issue 4-2-3: CSI-RS precoder 
· Issue 4-2-4: Test Scenario
· Issue 4-2-5: Test Parameters

Sub-topic 4-1: Test Scope
[bookmark: _Hlk111133570]Issue 4-1-1: Whether to define PMI requirement for Rel-17 FeTye II PS codebook
· Proposals
· Option 1(Nokia): RAN4 to include performance requirements for Rel-17 eTypeII PS codebooks in the Rel-18 timeframe, and to start from the test setups contributed to, and discussed in, RAN4#104.
· Option 2 (Ericsson): Postpone the requirement for Rel-17 Type II PS CB to the at least next release to find better test setup with low complexity and better reflection of actual overall performance.
· Option 3 (Huawei): Define PMI reporting requirement for Rel-17 FeTypeII port selection codebook based on evaluation on the performance gain over eTypeII codebook.
· Option 4 (Qualcomm): No
· Recommended WF
· RAN4 will not introduce requirement of Rel-17 Type II PS CB in Rel-17 Timeframe
· Further discuss the requirement in Rel-18 Timeframe. Encourage companies to further discuss the feasible test setup.
· GTW agreement
· 

[bookmark: _Hlk111133593]Sub-topic 4-2: Test setup of PMI reporting 
Issue 4-2-1: BF modelling 
· Observations
· Observation 1 (Ericsson):
· Power scaling method has low complexity and makes TEs from different vendors comparable
· Option 2 and 3 are easier for testing, more feedback on the feasibility of option 2 and 3 from TE vendors are necessary
· Power scaling method with fixed or no Wf has its own limitation. More practical way is needed to better reflect the actual processing for both BS and UE side so that to guarantee the overall performance
· Observation 2 (Nokia)
· There is a need to specify how to beamform the CSI-RS for Rel-17 TypeII-PS codebook performance requirements
· Beamforming of CSI-RS should fit the spatial and frequency domain properties of the radio multipath fading channel.
· TDL “low” channel models do not have a realization independent spatial component.
· The TPUT performance gain of Rel-17 eTypeII PS, and the feedback compression from measuring the SD precoder in UL, can only be achieved using a spatially dependent channel model.
· Rel-13 LTE Class B K=1 MIMO fading channel, and the fading channel/steering matrix approach from TS 36.101, B2.3.A4 and B2.3B.4, will not differ significantly from each other performance wise when used in combination with TDL. There is no technical basis to prefer one over the other out of these three.
· As stated in TS 38.901, TDL channel model should not be used for MIMO evaluations.
· In spatially dependent codebook performance testing, a spatial channel model should be used. We suggest using a link level channel model such as CDL with angular translation and scaling, for both CSI and data.
· In one implementation, the FD precoding of CSI-RS ports can be taken into account by scaling the SD precoding vectors with the average path gain of the TDL model in each subband.
· We outlined a method to specify a robust and common approach for implementation and derivation of hard-codable CSI-RS port precoders from TDL/CDL channel models in TEs
· Proposals
· Option 1(Samsung):
· for wide beam  modeling, option 1a (MIMO fading channel as Rel-13 LTE Class B K=1 PMI test case) should be used.
· for frequency selective precoding   modeling, option 1 (explicitly derived from chosen TDL model) should be used if TE support.
· Option 2(Ericsson): 
· Power scaling method with fixed or no Wf can be considered to do the initial evaluation 
· Consider option 2: transparent to UE under test operation
· Option 3(Huawei): Considering the timeline of this WI, the basic feature M=1 should be prioritized and therefore the Wf is assumed with all-one vector if Rel-17 FeTypeII PS codebook PMI reporting requirements are defined.
· Recommended WF
· Encourage comments if any 

Issue 4-2-2 Test Metric
· Observations
· Observation 1 (Anritsu)
· It is challenging for the test equipment to update a random PMI in slot-by-slot basis while maintaining its integrity of each parameter.
· To achieve the random PMI from a TE implementation viewpoint, a presumable method is to limit parameters to randomize only with the similar parameters between Type I single panel and FeType II for the sake of simplifying the implementation.
· In a case we apply the method with observation 2, since i18 (i.e. strongest coefficient) isn’t randomized, there would be a case that a position of the strongest beam does not change.
· Even with the hardcoding method by the test equipment to randomize PMI, there are remaining issues to be studied yet.
· Observation 2 (Nokia)
· All three test metric proposals are usable in our opinion, option1 (follow PMI over random PMI) might be the easiest/lowest complexity to implement in TEs.
· Proposals
· Option 1 (Ericsson, Samsung, Nokia): follow PMI with random PMI if the requirement is introduced
· Option 2 (Anritsu, Huawei): Following FeType II CB PMI over Type I single panel random PMI.
· Recommended WF
· Encourage comments if any 

Issue 4-2-3: CSI-RS precoder 
· Proposals
· Option 1 (Huawei): 
· Each angle-delay pair in the collection represent a tap with the fixed delay associated with one CSI-RS port so TE can keep CSI-RS precoding unchanged during the test.
· Select all CSI-RS ports with no non-zero coefficients (i.e. α=1, β=1, configuration 4 in TS 38.214 Table 5.2.2.2.7-1) if Rel-17 FeTypeII PS codebook PMI reporting requirements are defined.
· Recommended WF
· Encourage comments if any 

Issue 4-2-4: Test Scenario
· Proposals
· Option 1 (Huawei): Only consider SU-MIMO setup if Rel-17 FeTypeII PS codebook PMI reporting requirements are defined
· Recommended WF
· Encourage comments if any 

Issue 4-2-5: Test Parameters
· Proposals
· Option 1 (Huawei): Select 12 ports, rank2 and MCS20 if Rel-17 FeTypeII PS codebook PMI reporting requirements are defined. For other parameters such as CSI-RS resource Type, reportConfigType, reuse from Rel-16 eTypeII PMI cases
· Recommended WF
· Encourage comments if any 
Companies views’ collection for 1st round 
Open issues 
Sub topic 4-1 
	Company
	Comments

	XXX
	Issue 4-1-1

	Apple
	Issue 4-1-1
We prefer not to introduce PMI requirements for Rel-17 FeType II PS codebook, given this is the last meeting for this WI and there are several open issues related to test set up. Also, the feature is intended to work with proper CSI-RS beamforming at gNB. Making some assumptions on the beamforming at BS is not a proper way to verify UE support of this feature. 

	Ericsson
	Issue 4-1-1
The objective circumstance is that we neither don’t have such tests and requirements for previous PS CB as a reference, nor detailed description for the corresponding BF modeling in the specification. 
Besides, one TE vendor has given negative feedback on some proposed assumptions. So then we think it might not be ready from both spec. and TE vendors point of views for having this test and requirement within current release. 
Thus, based on the above and considering we are running out of time for this WI, we propose to consider option 2 and we are fine with the first bullet of the recommended WF. For the second bullet, we think it is better to let the RAN plenary to make the decision. 

	Huawei
	We are OK to not discuss Type II PS CB in Rel-17 Timeframe and further discuss the requirement in Rel-18 timeframe by Rel-17 maintenance.

	Samsung
	We support the recommended WF. We also have one open issue for further discussion about this requirement in Rel-18 timeframe: how to handle the Rel-15 and Rel-16 port selection codebook test requirement if we want to introduce the requirement of Rel-17 port selection codebook.

	MediaTek
	Issue 4-1-1
We are fine with recommended WF. We think RAN4 run out of time in Rel-17 scope. For future actions we agree with Ericsson that RAN plenary should make decision for it.

	Nokia, Nokia Shanghai Bell
	Issue 4-1-1
The recommended way forward is acceptable for us, however we would like to continue the technical detailed discussions in the summary to prepare for the future of advanced codebook testing.
The discussion and any outcomes reached should be captured in a (potentially informative) WF to serve as a starting point for future RAN4 work.

	Anritsu
	Issue 4-1-1
We are fine with the recommended WF. 

	Qualcomm
	We prefer not defining requirements for FeTypeII PS CB. 
We note that the implementation of the BS beamforming is not standardized for FeTypeII PS CB. Furthermore, any restriction on the BS beamforming will not guarantee optimal performance for UE, meaning that the UE performance cannot be guaranteed with such a CB. Therefore, we think that introducing performance requirement for FeTypeII PS CB would be difficult.


 
Sub topic 4-2 
	Company
	Comments

	XXX
	Issue 4-2-1
Issue 4-2-2
Issue 4-2-3
Issue 4-2-4
Issue 4-2-5

	Samsung
	Issue 4-2-1 BF modelling 
As Rel-17 TypeII PS CB performance depends on both gNB and UE, if the modeling of BF on gNB or TE side is too simplicity, the performance of UE measured CB will be impacted. 

Issue 4-2-2 Test Metric
If TE could support random PMI of Rel-17 TypeII PS CB, we want to support follow PMI with random PMI of Rel-17 TypeII PS CB (option 1). If TE cannot support random PMI of Rel-17 TypeII PS codebook, we could comprise to using Type I single panel random PMI performance as the baseline (option 2).

Issue 4-2-4: Test Scenario
We support option 1, Only consider SU-MIMO setup if Rel-17 FeTypeII PS codebook PMI reporting requirements are defined.

Issue 4-2-5
We think it’s too early to define the port number.

	Nokia, Nokia Shanghai Bell
	Issue 4-2-1
Initially we would like to introduce a spatial channel model such as CDL model in the setup. Then both Spatial Domain and Frequency Domain CSI beamforming should be derived from the CDL model spatial and frequency properties.
If TE vendors or RAN4 cannot support CDL model and if TDL model must be selected, we agree with Huawei and others, that the Wf should be derived from the selected TDL model. We can also agree to option 1a (MIMO fading channel as Rel-13 LTE Class B K=1 PMI test case) should be used.

Issue 4-2-2
We recognize the complexity issues raised by Anritsu. As such we would be willing to compromise to follow PMI over random PMI with type I PMI as reference, i.e., option 2.

Issue 4-2-3
We fully agree with the analysis brought by Huawei. Each CSI-Port maps to one beam, which is defined in the spatial domain via the angle and in the frequency domain via the delay profile (of that specific beam angle, where angle is a bit of misleading term as a single beam might have multiple lobes).
This CSI-RS precoding can be kept constant during the test, where the spatial/angle part can come from power scaling in the eigendirections (or directly the eigendirections) of the chosen channel models, and delay part from channel model.
The UE will then select the strongest CSI-RS ports/gNB beams, in the port selection step of W1 (where the coefficients can either be 1 or 0).
Once the channel model is agreed, the CSI-RS precoder should be selected to follow the spatial and frequency domain properties of that model.

Issue 4-2-4
We can agree to only consider SU-MIMO if requirements are defined in rel-17 RAN4 timeline, however, should the item be moved to rel-18 we suggest reconsidering MU-MIMO requirements as well since this is the main use case for TypeII codebooks.

Issue 4-2-5
The proposed test parameters seem reasonable from a general perspective; however, we should come back to such details only after the test scenario, csi-precoder, test metric and BF modelling are agreed.

	Anritsu
	Issue 4-2-2
We would like to thank Samsung and Nokia for the big compromise on the test metric issue.
Though we are currently facing a difficulty in achieving the test metric of the follow PMI over the random PMI, for the sake of the future study to seek for the random PMI processing, it would be very much appreciated if the specific way of randomization could be provided.  


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

	XXX
	Company A

	
	Company B

	
	

	YYY
	Company A

	
	Company B

	
	



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

	Sub-topic#4-1
	
Issue 4-1-1: Whether to define PMI requirement for Rel-17 FeTye II PS codebook
GTW agreements:
·  RAN4 will not introduce requirement of Rel-17 FeType II PS CB in Rel-17 Timeframe
· RAN4 can further discuss detailed parameters in RAN4#104 for reference of future work. 
Recommendations for 2nd round:
· Encourage companies to further discuss the feasible test setup. Capture the discussion and any outcomes in a (potentially informative) WF to serve as a starting point for future RAN4 work.

	Sub-topic#4-2
	
Issue 4-2-1: BF modelling 
Candidate options:
· Proposals
· Option 1(Samsung, Nokia):
· for wide beam  modeling, option 1a (MIMO fading channel as Rel-13 LTE Class B K=1 PMI test case) should be used.
· for frequency selective precoding   modeling, option 1 (explicitly derived from chosen TDL model) should be used if TE support.
· Option 2(Ericsson): 
· Power scaling method with fixed or no Wf can be considered to do the initial evaluation 
· Consider option 2: transparent to UE under test operation
· Option 3(Huawei, Nokia): Considering the timeline of this WI, the basic feature M=1 should be prioritized and therefore the Wf is assumed with all-one vector if Rel-17 FeTypeII PS codebook PMI reporting requirements are defined.
Recommendations for 2nd round:
· Encourage companies to further discuss the feasible test setup. Capture the discussion and any outcomes in a (potentially informative) WF to serve as a starting point for future RAN4 work.

Issue 4-2-2 Test Metric
Candidate options:
· Proposals
· Option 1 (Ericsson, Samsung, Nokia): follow PMI with random PMI if the requirement is introduced
· Option 2 (Anritsu, Huawei, Samsung(compromise), Nokia (compromise)): Following FeType II CB PMI over Type I single panel random PMI.
Recommendations for 2nd round:
· Encourage companies to further discuss the feasible test setup. Capture the discussion and any outcomes in a (potentially informative) WF to serve as a starting point for future RAN4 work.

Issue 4-2-3: CSI-RS precoder 
Candidate options:
· Proposals
· Option 1 (Huawei, Nokia): 
· Each angle-delay pair in the collection represent a tap with the fixed delay associated with one CSI-RS port so TE can keep CSI-RS precoding unchanged during the test.
· Select all CSI-RS ports with no non-zero coefficients (i.e. α=1, β=1, configuration 4 in TS 38.214 Table 5.2.2.2.7-1) if Rel-17 FeTypeII PS codebook PMI reporting requirements are defined.
Recommendations for 2nd round:
· Encourage companies to further discuss the feasible test setup. Capture the discussion and any outcomes in a (potentially informative) WF to serve as a starting point for future RAN4 work.

Issue 4-2-4: Test Scenario
Candidate options:
· Proposals
· Option 1 (Huawei): Only consider SU-MIMO setup if Rel-17 FeTypeII PS codebook PMI reporting requirements are defined
· Option 2 (Nokia): both SU-MIMO and MU-MIMO in Rel-18 timeframe if introduced 
Recommendations for 2nd round:
· Encourage companies to further discuss the feasible test setup. Capture the discussion and any outcomes in a (potentially informative) WF to serve as a starting point for future RAN4 work.

Issue 4-2-5: Test Parameters
Candidate options:
· Proposals
· Option 1 (Huawei): Select 12 ports, rank2 and MCS20 if Rel-17 FeTypeII PS codebook PMI reporting requirements are defined. For other parameters such as CSI-RS resource Type, reportConfigType, reuse from Rel-16 eTypeII PMI cases
· Other options are not precluded
Recommendations for 2nd round:
· Encourage companies to further discuss the feasible test setup. Capture the discussion and any outcomes in a (potentially informative) WF to serve as a starting point for future RAN4 work.




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)
Moderator can provide summary of 2nd round here. Note that recommended decisions on tdocs should be provided in the section titled ”Recommendations for Tdocs”.


Topic #5: CR work split
Based on current progress,  consideirng the timeline of FeMIMO WI performance part , targeting to complete in this meting, Companies are encouraged to provide the draft CR based on the offline discusion about CR work split work. 

	Section number
	Section title
	Responsible company

	TS 38.101-4

	 
	Big CR
	Samsung

	5.1.1
	Applicability of requirements
	Nokia

	5.3.2
5.3.3
	Minimum requirements for PDCCH with inter-slot repetition (including 2Rx/4Rx for FDD and TDD)
	 Ericsson

	5.2.2
5.2.3
	Minimum requirements for PDSCH HST-SFN scheme A (including 2Rx/4Rx for FDD and TDD)
	 Apple

	5.2.2
5.2.3
	Minimum requirements for PDSCH HST-SFN scheme B (if introduced, including 2Rx/4Rx for FDD and TDD)
	 Huawei

	6.3.2
6.3.3
	[Single PMI with [x] port TypeI-SinglePanel Codebook for multi-TRP, including 2Rx/4Rx for FDD and TDD]
	Samsung

	A.3.3
	Reference measurement channels for PDCCH performance if necessary
	Qualcomm

	B.3
	High speed Train Scenarios for HST SFN scheme A
	 Apple

	B.3
	High speed Train Scenarios for HST SFN scheme B (if introduced)
	 Huawei



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

	XXX
	Company A

	
	Company B

	
	

	YYY
	Company A

	
	Company B

	
	





Recommendations for Tdocs
1st round 
New tdocs
	New Tdoc number
	Title
	Source
	Comments

	
	WF on UE demodulation and CSI requirement for FeMIMO 
	Samsung
	

	
	Draft CR on applicability of requirements
	Nokia
	38.101-4, 17.5.0 , draft CR, catB

	
	Draft CR on PDCCH requirement for enhancement on multi-TRP
	Ericsson
	38.101-4, 17.5.0 , draft CR, catB

	
	Draft CR on PDSCH requirement for HST-SFN scheme A 
	Apple
	Including channel model, 
38.101-4, 17.5.0 , draft CR, catB

	
	Draft CR on PDSCH requirement for HST-SFN scheme B (if agreed)
	Huawei
	Including channel model,
38.101-4, 17.5.0 , draft CR, catB

	
	Draft CR on PMI requirement for multi-TRP
	Samsung
	38.101-4, 17.5.0 , draft CR, catB

	
	Draft CR on Reference measurement channels for PDCCH performance
	Qualcomm
	38.101-4, 17.5.0 , draft CR, catB

	
	Simulation results summary for FeMIMO demodulation and CSI requirement
	Samsung
	




Existing tdocs
	Tdoc number
	Revised to
	Title
	Source
	Recommendation  
	Comments

	R4-22xxxxx
	
	CR on …
	XXX
	Agreeable, Revised, Merged, Postponed, Not Pursued
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics incl. existing and new tdocs.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) For new LS documents, please include information on To/Cc WGs in the comments column
4) Do not include hyper-links in the documents

2nd round 

	Tdoc number
	Revised to
	Title
	Source
	Recommendation  
	Comments

	R4-22xxxxx
	
	CR on …
	XXX
	Agreeable, Revised, Merged, Postponed, Not Pursued
	

	R4-22xxxxx
	
	WF on …
	YYY
	Agreeable, Revised, Noted
	

	R4-22xxxxx
	
	LS on …
	ZZZ
	Agreeable, Revised, Noted
	

	
	
	
	
	
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) Do not include hyper-links in the documents
