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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
	FFS for M-TRP PDCCH repetition 
FFS for M-TRP PDSCH with rate matching
	NO

	
	Enhancements on Multi-TRP inter-cell operation
	NO
	FFS for M-TRP Inter-cell PDSCH 
	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 (9.18.4)
· General (9.18.4.1)
· Demodulation requirement (9.18.4.2)
· Enhancement on HST-SFN scenario (9.18.4.2.1)
· Enhancement on Multi-TRP (9.18.4.2.2)
· CSI requirement (9.18.4.3)
· CSI reporting for multi-TRP (9.18.4.3.1)
· Rel-17 eType II port selection codebook (9.18.4.3.2)
List of candidate target of email discussion for 1st round and 2nd round 
· 1st round: Discussion and identify the potential impact on the UE performance requirements based on the RAN1 feature
· 2nd round: Discussion the test setup and agree the initial simulation assumption for UE demodulation and CSI parts test cases
Topic #1: Demodulation requirement for Multi-TRP enhancement
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2208494
	Samsung
	Proposal 1: Introduce PDCCH requirements for multi-TRP repetition transmission schemes. 
Proposal 2: Introduce PDSCH requirement for multi-TRP inter-cell operation (Option 1a)
· Introduce test applicable rule between existing multi-DCI intra-cell M-TRP test case and new test case for inter-cell multi-DCI PDSCH
Proposal 3: Reusing test parameters of existing Rel-16 multi-DCI based on TRP transmission test case (Table 5.2.2.1.12-2) with different PCI for TP1 and TP2 

	R4-2208840
	MTK
	Observation #1: When SNR of 2 TRPs is balanced we can see little gain on average.
Observation #2: When SNR of 2 TRPs is balanced we can see loss in some cases.
Observation #3: When SNR of 2 TRPs is imbalanced the performance of PDCCH repetition decreases as expected.
Proposal #1: We support Option 2 to not define PDCCH requirement for multi-TRP repetition transmission scheme as we see only minor benefits.
Proposal #2: We support Option 2/2a to not define PDSCH requirement for multi-TRP inter-cell operation as we see the existing Rel-16 minimum requirements for PDSCH multi-DCI based transmission scheme is enough to guarantee performance.

	R4-2209697
	Ericsson
	Proposal 1: Introduce PDCCH requirement for Multi-TRP repetition transmission schemes.
Proposal 2: Not to define PDSCH requirement for Multi-TRP inter-cell operation.

	R4-2209889
	Huawei, HiSilicon
	Proposal 1: Define PDCCH requirement for multi-TRP repetition transmission schemes.
Proposal 2: Define performance requirement for enhancements on multi-TRP inter-cell operation only if full-overlapping resource allocation is considered.
Proposal 3: Select AL2 for PDCCH with FDM repetition scheme.

	R4-2209890
	Huawei, HiSilicon
	Simulation results for PDCCH

	R4-2210152
	Qualcomm
	Proposal 1: Option 2 (Do not define PDCCH requirement for multi-TRP repetition transmission schemes)
Proposal 2: Option 2: (Do not define PDSCH requirement for Multi-TRP inter-cell operation)



Open issues summary
Last RAN4 meeting agreements in the WF R4-2207207
List of open issues
· Sub-topic 1-1 Test Scope
· Issue 1-1-1: Whether to define PDCCH requirement for multi-TRP repetition transmission schemes
· Issue 1-1-2: Whether to define PDSCH requirement for multi-TRP inter-cell operation 
· Sub-topic 1-2 Test setup for PDCCH requirement for Enhancement on Multi-TRP if introduced
· Issue 1-2-1: Aggregation level
· Sub-topic 1-3 Test setup for PDSCH requirement for inter-cell operation if introduced 
· Issue 1-3-1: Simulation Assumption for PDSCH requirement for inter-cell operation 

Sub-topic 1-1: Test Scope
Issue 1-1-1: Whether to define PDCCH requirement for multi-TRP repetition transmission schemes
· Observations
· Observation 1(Huawei): There is a great gain by performing soft-combining for non-SFN PDCCH enhancement.
· Observation 2 (MTK):
· When SNR of 2 TRPs is balanced we can see little gain on average.
· When SNR of 2 TRPs is balanced we can see loss in some cases
· When SNR of 2 TRPs is imbalanced the performance of PDCCH repetition decreases as expected.
· Proposals
· Option 1(Ericsson, Samsung, Huawei): Yes
· Option 2 (MTK, Qualcomm): No
· Recommended WF
· Define PDCCH requirement for multi-TRP repetition transmission scheme?


Issue 1-1-2: Whether to define PDSCH requirement for Multi-TRP inter-cell operation 
· Proposals
· Option 1(Samsung, Huawei): Yes
· Option 1a(Samsung): Introduce test applicable rule between existing multi-DCI intra-cell M-TRP test case and new test case for inter-cell multi-DCI PDSCH
· Option 2 (Ericsson, Qualcomm, MTK): No
· Recommended WF
· Encourage comments if any.


Sub-topic 1-2: Test setup for PDCCH requirement for Enhancement on Multi-TRP if introduced
Issue 1-2-1: Aggregation level
· Proposals
· Option 1 (Huawei): AL2
· Recommended WF
· Define demodulation performance requirement for PDCCH with FDM intra-slot repetition in FR1 with following assumption 
	Parameter
	Value

	
	FDD 15 kHz SCS
	TDD 30 kHz SCS

	Repetition transmission schemes
	FDM

	CBW
	10 MHz
	40 MHz

	CORESET RB
	24
	48

	CORESET duration
	2

	Aggregation level
	2

	Propagation Condition
	TDLA30-10

	Antenna configuration
	2x2, 2x4

	CCE to REG mapping type
	nonInterleaved

	REG bundle size
	6

	Payload bits(without CRC)
	39
	41

	Test metric
	1% of Pm-dsg (%)



Sub-topic 1-3: Test setup for PDSCH requirement for Enhancement on Multi-TRP if introduced
Issue 1-3-1: Simulation Assumption for PDSCH equirement for inter-cell operation 
· Proposals
· Option 1(Samsung): Reusing test parameters of existing Rel-16 multi-DCI based on TRP transmission test case (Table 5.2.2.1.12-2) with different PCI for TP1 and TP2 i.e.
· Time offset/frequency offset: -0.5us /200Hz for FR1 FDD 15kHz SCS; -0.25us/300Hz for FR1 TDD 30kHz SCS
· RB allocation: frequency non-overlapping
· MCS: 64QAM 1/2
· PCI ID: [0] for TP1, [3] for TP2
· SSB transmission: SSB 1 for TP1, SSB 2 for TP2
· Option 2 (Huawei): Reuse test parameters of existing Rel-16 multi-DCI based on TRP transmission test case (Table 5.2.2.1.12-2) with different PCI for TP1 and TP2
· RB allocation: frequency overlapping 
· Recommended WF
· Reusing test parameters of existing Rel-16 multi-DCI based on TRP transmission test case (Table 5.2.2.1.12-2) with different PCI for TP1 and TP2 i.e.
· Time offset/frequency offset: -0.5us /200Hz for FR1 FDD 15kHz SCS; -0.25us/300Hz for FR1 TDD 30kHz SCS
· MCS: 64QAM 1/2
· PCI ID: [0] for TP1, [3] for TP2
· SSB transmission: SSB 1 for TP1, SSB 2 for TP2
· RB allocation
· Option 1(Samsung): frequency non-overlapping 
· Option 2(Huawei): frequency overlapping
Companies views’ collection for 1st round 
Open issues 
Sub topic 1-1 
	Company
	Comments

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

	Apple
	Issue 1-1-1: Whether to define PDCCH requirement for multi-TRP repetition transmission schemes
We support option 2 – not to define requirements with Mtrp enh for PDCCH. As seen from results and observations from MediaTek there is no performance benefit with PDCCH Mtrp compared to lower AL in most cases. 
Issue 1-1-2 Whether to define PDSCH requirement for Multi-TRP inter-cell operation
We support option 2 – not to define requirements for inter-cell Mtrp. There is no UE receiver processing difference between Rel-16 Mtrp and Rel-17 inter-cell Mtrp if UE supports both features. 

	Ericsson
	Issue 1-1-1 Whether to define PDCCH requirement for multi-TRP repetition transmission schemes
We prefer option 1. We think it is important to verify the UE behavior of receiving the same PDCCH from two TRPs with FDM, and ensure the demodulation performance.
Issue 1-1-2 Whether to define PDSCH requirement for Multi-TRP inter-cell operation
We prefer option 2. We don’t think it is necessary to define an additional requirement for verifying the same UE processing with different PCI. 

	Qualcomm
	Issue 1-1-1: Whether to define PDCCH requirement for multi-TRP repetition transmission schemes
We support option 2. We note that the operating SNR for PDCCH is already quite low. Therefore, PDCCH performance is generally not a bottleneck for PDSCH performance. Hence, we support not defining PDCCH requirement for m-TRP transmission.
Issue 1-1-2 Whether to define PDSCH requirement for Multi-TRP inter-cell operation
We support option 2. We don’t see a necessity to define requirements for inter-cell m-TRP considering that the UE demod processing is same as that of the Rel-16 m-TRP transmission.

	Huawei
	Issue 1-1-1: Whether to define PDCCH requirement for multi-TRP repetition transmission schemes
We prefer Option 1. In our view, this feature is important to improve PDCCH reliability. The corresponding performance requirements should be defined.

	MediaTek
	Issue 1-1-1: Whether to define PDCCH requirement for multi-TRP repetition transmission schemes
We support Option 2. As we presented in our observations, achievable gain is minor, and it is limited to specific scenarios.
Issue 1-1-2: Whether to define PDSCH requirement for multi-TRP inter-cell operation 
We support Option2. We don’t see benefits to define an additional requirement for verifying the same UE processing with different PCI.

	Samsung
	Issue 1-1-2: Whether to define PDSCH requirement for multi-TRP inter-cell operation 
To MTK ,Apple and QC
As discussed in GTW, from UE prepossessing perspective, there is different with single -TRP PDCCH, considering the soft-combining with repetition, similar as PDSCH repetition for multi-TRP in Rel-16.  From RAN4 requirement itself, we think it is need to verify the receiver processing.
I agree PDCCH may be not the bottleneck of DL, while in our understanding the main deployment of PDCCH with multiple repetition is to improve the reliability for cell edge UE. The SNR can be low. Where the SNR for each TRP is assuming the same, even with different, I do not think it will be much different, as indicated in MTK’s paper. With AL=4, the performance is better than single TRP with AL=8
During the last meeting, we have discussed the simulation assumption with stable version expecting for AL.
Companies provide the related results in this meeting to show the benefit of PDCCH with repetition
my understanding the main-concern of MTK and apple, the performance gain is limit 
To address the companies concern, can we agree to introduce PDCCH requirement for multi-TRP repetition transmission schemes with AL=4?  Or company have better suggestion how to move forward?
Regarding the SNR value for each TRP, we can reuse the same as in Rel-16 for PDSCH multi-TRP
Meanwhile, in the last meeting, we have already narrow down the test case with only FDM scheme, 
Issue 1-1-2: Whether to define PDSCH requirement for multi-TRP inter-cell operation
We have already compromise that no PDSCH requirement for multi-TRP inter-cell operation, as commented by Companies, there is no different UE processing 


 
Sub topic 1-2 
	Company
	Comments

	XXX
	Issue 1-2-1

	Ericsson
	Issue 1-2-1 Aggregation level
We prefer to add one option as:
‘Other options not precluded’
More evaluations are needed for AL4. Since whether the requirement for PDCCH enhancement will be introduced has not been decided, and only few companies have done initial evaluations, we prefer to leave it open for the next meeting. 

	Huawei
	Issue 1-2-1: Aggregation level
We are OK for the recommended WF.

	MediaTek
	Issue 1-2-1: Aggregation level
We agree with Ericsson’s comment that initial evaluation may be too limited to conclude aggregation level.

	Samsung
	Issue 1-2-1: Aggregation level
To address the companies conern, can we agree to introduce PDCCH requirement for multi-TRP repetition transmission schemes with AL=4?  Or company have better suggestion how to move forward?
Regarding the SNR for TRP, we can set the same value for each TRP


 
Sub topic 1-3 
	Company
	Comments

	XXX
	Issue 1-3-1

	Apple
	Issue 1-3-1
If requirements are introduced with inter-cell Mtrp, re-use the same test set up as Rel-16 requirements with Mtrp.

	MediaTek
	Issue 1-3-1: Simulation Assumption for PDSCH equirement for inter-cell operation 
If requirements are introduced with inter-cell multi-TRP, we would prefer Option 1 for frequency non-overlapping RB allocation.


 

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
	Tentative agreements:
Candidate options:
Recommendations for 2nd round:

	Sub-topic #1-1
	Issue 1-1-1: Whether to define PDCCH requirement for multi-TRP repetition transmission schemes
Issue 1-1-2: Whether to define PDSCH requirement for Multi-TRP inter-cell operation 
GTW agreement:
Starting point for further checking:
· Introduce requirements for PDCCH multi-TRP transmission (only single test case) and no new PDSCH requirements PDSCH m-TRP inter-cell operation. 
Moderator: for PDCCH multi-TRP transmission, 3 companies propose to define requirement, 2 companies are ok to compromise with introducing requirement. Suggest to further discussion with simulation assumption with AL and operation SNR, make discission in the next meeting considering the limitation of evaluation of PDCCH AL, 1 company need to check whether it is acceptable to introduce PDCCH requirement?
For PDSCH requirement, 2 companies are ok to compromise without introduce requirement  
Tentative agreements:
· No PDSCH requirement for multi-TRP inter-cell operation for Rel-17 FeMIMO WI
Candidate options:
· Introduce PDCCH requirements for multi-TRP repetition transmission (Samsung, Huawei, Ericsson, Apple, MTK)
· FFS on the test setup for PDCCH requirement
Recommendations for 2nd round:
· Pending on 1 company checking in 2nd round
· Further discussion the setup including AL and operation SNR in 2nd round for PDCCH requirement

	Sub-topic #1-2
	Issue 1-2-1: Aggregation level
Moderator: in the last meeting, the simulation assumption was discussed. 
	Parameter
	Value

	
	FDD 15 kHz SCS
	TDD 30 kHz SCS

	Repetition transmission schemes
	FDM

	CBW
	10 MHz
	40 MHz

	CORESET RB
	24
	48

	CORESET duration
	2

	Aggregation level
	option 1: AL=2, option 2: AL=4

	Propagation Condition
	TDLA30-10

	Antenna configuration
	2x2, 2x4

	CCE to REG mapping type
	nonInterleaved

	REG bundle size
	6

	Payload bits(without CRC)
	39
	41

	Test metric
	1% of Pm-dsg (%)



And companies are encouraged to provide the simulation results with different AL as {2,4} with 2x2, and 2x4 antenna configuration in RAN4#103-e meeting with FDW, down selection one of AL under condition of operation SNR>-4Db with 4Rx for PDCCH requirement 
companies provide simulation results. 1 company show AL=2 can stratify the condition, 1company show with AL=4 can achieve better gain compared with Al=8 for single TRP under SNR balanced condition for each TRP
Candidate options:
· Aggregation level 
· Option 1: AL=2
· Option 2: AL=4 
· Operating SNR condition for selection AL
· Option 1: SNR > [-4] Db
· Other options are not precluded 
· SNR setting for each TRP
· Option 1: 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
· Other options are not precluded
· FFS on the Time offset/Frequency offset for each TRP 
Recommendations for 2nd round:
· Further discussion the setup including AL and operation SNR in 2nd round for PDCCH requirement to stabilize the simulation assumption

	Sub-topic #1-3
	Issue 1-3-1: Simulation Assumption for PDSCH requirement for inter-cell operation 
Tentative agreements: N/A
Recommendations for 2nd round: N/A




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)

Issue 1-1-1: Whether to define PDCCH requirement for multi-TRP repetition transmission schemes
· Proposals
· Introduce PDCCH requirements for multi-TRP repetition transmission (Samsung, Huawei, Ericsson, Apple, MTK)
· FFS on the test setup for PDCCH requirement
· Recommended WF from Moderator 
· Pending on 1 company checking in 2nd round whether it is acceptable?
· Further discussion the setup including AL and operation SNR in 2nd round for PDCCH requiremen
· Recommended WF based on 2nd round discussion 
· Introduce PDCCH requirements for multi-TRP repetition transmission
· Option 1: With UE soft-combining
· Option 2: Without UE soft-combining



	Company
	Comments

	XXX
	Issue 1-1-1

	Samsung
	As commented by  companies, there is a different receiver processing with single -TRP PDCCH, considering the soft-combining with repetition, similar as PDSCH repetition for multi-TRP in Rel-16, Therefore, we think it is necessary to define the requirement

	 Qualcomm
	Although we argued against introducing requirement in earlier discussions, we would be willing to compromise here if we introduce requirements assuming no LLR combining (since LLR combining is UE capability based, e.g., BD factor 3). To this end, can we modify the proposal to say “Introduce PDCCH requirements for multi-TRP repetition transmission without LLR combining”?

	 Apple
	 We are fine with the compromise agreement reached in GTW. 

	Samsung
	We think the main benefit of PDCCH with multiple repetition is to improve the realibilty. We do not have this assumption without LLR combining in Rel-16 PDSCH multi-TRP repetition.

	MediaTek
	We are fine with the compromise agreement reached in GTW.

	Huawei
	We are OK with the GTW agreements. Soft-combination from multi-TRP can provide great gain comparing to the single TRP. Considering there is different UE processing for the soft-combination, the corresponding requirements should be defined.

	Ericsson
	We are fine with the GTW agreements. 

	Qualcomm2
	LLR combining is UE capability based. We should define requirement with baseline assumption of no LLR combining. Reliability can be improved even without LLR combining, e.g., with selection decoding and the UE processing of multi-TRP PDCCH can be guaranteed as well. Hence we can’t agree on the current proposal as it stands.



Issue 1-2-1: PDCCH requirement setup
· Proposals
· Aggregation level 
· Option 1: AL=2
· Option 2: AL=4 
· Operating SNR condition for selection AL
· Option 1: SNR > [-4] dB
· Other options are not precluded 
· SNR setting for each TRP
· Option 1: 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
· Other options are not precluded
· FFS on the Time offset/Frequency offset for each TRP 
· Recommended WF
· Further discussion the setup including AL and operation SNR in 2nd round for PDCCH requirement to stabilize the simulation assumption
· Recommended WF based on 2nd round discussion 
· Aggregation level
· Option 1: AL=2
· Option 2: AL=4
· Decide aggregation level base on simulation results in next meeting.
· Operating SNR condition for selection AL
· Option 1: SNR > [-4] dB
· Other options are not precluded
· SNR setting for each TRP
· 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
· Blocked TRP testing for Option 2 (without UE soft-combining): Probability of blocking p=10% with X=10 dB blocking as a starting point
· Other options are not precluded
· Time offset/Frequency offset for each TRP
· same value as single-DCI PDSCH with FDM scheme as starting point
· 15KHz SCS: timing offset =-0.5us, frequency offset=200Hz
· 30KHz SCS: timing offset =-0.25us, frequency offset=300Hz




	Company
	Comments

	XXX
	Issue 1-2-1

	Samsung
	Regarding AL, in the last meeting, both option1 and option2 were considered  and encourage interesting companies provide the simulation results in the meeting. As indicated in company contribution, with AL=4, the performance is better than single TRP with AL=8. The main concern of companies to not define PDCCH requirement is that the performance gain limited, based on that, to address the concern of companies, we suggest to go option 2 for moving forward.
Regarding SNR setting,  the main deployment of PDCCH with multiple repetition is to improve the reliability for cell edge UE, Similar with Rel-16 multi-TRP PDSCH, we prefer to the same SNR for each TRP

	 Qualcomm
	One of the main benefits of the m-TRP PDCCH repetition transmission is that coverage can still be guaranteed when one of the TRPs is blocked. Also, our understanding is that RAN1 considered a similar test setup, i.e., with blocked TRP (e.g., X dB blocking for a TRP with a certain probability, p) for their evaluation. To this end, we would like to propose to check the performance gain for candidate setups (1) mTRP channel without blocking and (2) mTRP channel with blocking. As a starting point for setup 2, we propose to use probability of blocking p=10% with X=10 dB blocking.

	 Apple
	 We can decide AL based on simulation results and operating SNR. The SNR with 4RX should > -4dB to be feasible to define requirements. We dont support to further study based on blocking etc. The aim is to verify UE processing with multi PDCCH transmission, and the TRP blocking doesn’t really impact processing. 
For the final test setup we can schedule single PDSCH with no slot aggregation to define requirements. 

	Samsung
	We have the similar view with Apple, TRP blocking is the simulation assumption for RAN1 SLS evaluation system performance. There is no impact on UE processing.

	MediaTek
	We have the similar view as Apple and Samsung.

	Huawei
	For the TRP blocking, we have similar view as Apple, Samsung and MediaTek. We don’t think TRP blocking should be considered. Current test setup is enough for the testing to verify correct UE processing.

	Ericsson
	We share similar view as Huawei, Apple, Samsung and MTK. We propose to decide AL based on the simulation results in the next meeting. We are fine with option 1 for both operating SNR and SNR settings as simulation assumption. 

	Samsung
	Regarding timing offset and frequencey offset, our preference is to reuse the same value as single-DCI PDSCH with FDM scheme as
15KHz SCS: timing offset =-0.5us, frequency offset=200Hz
30KHz SCS: timing offset =-0.25us, frequency offset=300Hz

	Qualcomm2
	The m-TRP PDCCH repetition transmission can ensure reliable coverage even when one of the TRPs is blocked. We don’t think current test setup is fully able to verify the performance of the m-TRP PDCCH repetition transmission in such a scenario. Hence we think it is important to consider a blocked TRP testing.

	Samsung
	Regarding AL, in the last meeting, both option1 and option2 were considered  and encourage interesting companies provide the simulation results in the meeting. As indicated in company contribution, with AL=4, the performance is better than single TRP with AL=8. The main concern of companies to not define PDCCH requirement is that the performance gain limited, based on that, to address the concern of companies, we suggest to go option 2 for moving forward.
Regarding SNR setting,  the main deployment of PDCCH with multiple repetition is to improve the reliability for cell edge UE, Similar with Rel-16 multi-TRP PDSCH, we prefer to the same SNR for each TRP

	 Qualcomm
	One of the main benefits of the m-TRP PDCCH repetition transmission is that coverage can still be guaranteed when one of the TRPs is blocked. Also, our understanding is that RAN1 considered a similar test setup, i.e., with blocked TRP (e.g., X dB blocking for a TRP with a certain probability, p) for their evaluation. To this end, we would like to propose to check the performance gain for candidate setups (1) mTRP channel without blocking and (2) mTRP channel with blocking. As a starting point for setup 2, we propose to use probability of blocking p=10% with X=10 dB blocking.



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

	R4-2208477
	NTT DoCoMo
	Proposal 1: Define the following maximum Doppler shift
· 15 kHz SCS: 972Hz

	R4-2208494
	Samsung
	Proposal 4: Introduce PDSCH requirements for HST SFN scenario with SFN scheme A and scheme B with following test applicable rules (option 1a)
· If UE pass HST-SFN scheme A test cases, UE can skip HST-SFN scheme B test cases

	R4-2208509
	CMCC
	Proposal 1: for scheme B, it is proposed to define PDSCH requirements, and applicability rule is introduced. The details of applicability rule can be further discussed, the candidate options are:
· Option 1a: If UE pass HST-SFN scheme A test cases, UE can skip HST-SFN scheme B test cases
· Option 1b: 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 15kHz and scheme B 30kHz requirements.
· Option 2: If UE passes the existing test cases (demodulation requirement for HST-SFN with high Doppler shift), UE can skip HST-SFN scheme B test cases
Proposal 2: for maximum doppler shift for 15KHz SCS, both 870Hz and 972Hz are OK.

	R4-2209696
	Ericsson
	Observation 1: There is around 2.3dB performance difference comparing the performance of 972Hz and 870Hz
Proposal 1: Select option 2: 870Hz for the maximum Doppler shift value for HST-SFN scheme A 15kHz SCS scenario
Observation 2: HST-SFN scheme A with MCS 17 needs much higher SNR to reach the max Tput. 
Proposal 2: Consider MCS13 for defining the requirements for HST-SFN scheme A
Observation 3: Similar performance between HST-DPS and HST single tap, but very different from the performance of HST-SFN Scheme A
Observation 4: The performance of HST-SFN scheme B is around 1.2~1.4dB worse than that of HST single tap. 
Proposal 3: Define PDSCH requirements for HST-SFN scheme B
Proposal 4: Assume perfect modelling of TRP pre-compensation

	R4-2209887
	Huawei, HiSilicon
	Proposal 1: Define PDSCH performance requirements for Scheme B for HST scenario.
Proposal 2: Select maximum Doppler 870Hz for 15kHz SCS for HST-SFN scheme A.
Proposal 3: 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”.
Proposal 4: For HST-SFN scheme B, 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


	R4-2209888
	Huawei, HiSilicon
	Simulation results for HST

	R4-2210151
	Qualcomm
	Proposal 1: Option 2 (Do not define PDSCH requirement with HST-SFN scheme B)
Proposal 2: (15KHz SCS) Option 2: 870 Hz



Open issues summary
Last RAN4 meeting agreeements 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
· 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 2-3 Test setup for PDSCH requirement for SFN scheme B with Single Carrier if introduced
· Issue 2-3-1: Modelling of TRP pre-compensation 

Sub-topic 2-1: Test Scope
Issue 2-1-1: Whether to define PDSCH requireemnt with HST-SFN scheme B
· Observations
· Observation 1 (Ericsson):
· The performance of HST-SFN scheme B is around 1.2~1.4dB worse than that of HST single tap
· Proposals
· Option 1 (Samsung, Huawei, CMCC, Ericsson): Yes
· Option1a (Samsung, CMCC): If UE pass HST-SFN scheme A test cases, UE can skip HST-SFN scheme B test cases
· Option1b (CMCC): 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 15kHz and scheme B 30kHz requirements.
· Option 1c (CMCC): If UE passes the existing test cases (demodulation requirement for HST-SFN with high Doppler shift), UE can skip HST-SFN scheme B test cases
· Option 2 (Qualcomm): No
· Recommended WF
· Introduce PDSCH requirement with HST-SFN scheme B, FFS on test applicability rule 
· Option1a (Samsung, CMCC): If UE pass HST-SFN scheme A test cases, UE can skip HST-SFN scheme B test cases
· Option1b (CMCC): 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 15kHz and scheme B 30kHz requirements.
· Option 1c (CMCC): If UE passes the existing test cases (demodulation requirement for HST-SFN with high Doppler shift), UE can skip HST-SFN scheme B test cases

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

Issue 2-2-1: Maximum Doppler Shift 
· Observations
·  Option 1 (Ericsson)
· There is around 2.3dB performance difference comparing the performance of 972Hz and 870Hz
· Proposals
· Option 1 (Samsung, CMCC, Ericsson. Huawei, Qualcomm): 870 Hz for 15KHz
· Option 2 (NTTDoCoMO, CMCC): 972 Hz for 15KHz
· Recommended WF
· Define PDSCH requirement with HST-SFN scheme A with Maximum Doppler shift
· 15KHz: 870Hz

Issue 2-2-2: MCS & Rank 
· Observations
· Option 1 (Ericsson): 
· HST-SFN scheme A with MCS 17 needs much higher SNR to reach the max Tput.
· Similar performance between HST-DPS and HST single tap, but very different from the performance of HST-SFN Scheme A
· Proposals
· Option 1 (Ericsson): MCS 13 with Rank 2
· Recommended WF
· Option 1

Issue 2-2-3: UE capability 
· Proposals
· Option 1 (Huawei): 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
· Option 1

Sub-topic 2-3: Test setup for PDSCH requirement for SFN scheme B with Single Carrier If introduced
Issue 2-3-1: Modelling of TRP pre-compensation
· Proposals 
· Option 1 (Samsung, Ericsson): Assume perfect modelling of TRP pre-compensation 
· Option 2 (Huawei): 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
· Option 1? 

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

	XXX
	Issue 2-1-1

	Apple
	Issue 2-1-1: Whether to define PDSCH requireemnt with HST-SFN scheme B
We support option 2. In HST SFN Scheme B the gNB is pre-compensating the Doppler shift on PDCCH/PDSCH and the effective Doppler shift at the UE is similar to single tap channel. Given the limited time for this WI, we propose to de prioritize this. 

	Ericsson
	Issue 2-1-1: Whether to define PDSCH requirement with HST-SFN scheme B
We prefer option 1. 
As we mentioned before, the pre-compensation assumed by RAN1 is only for Doppler shift from the 2nd RRH but gNB does not compensate the time difference between two RRHs. In addition, based on our simulation results, we see the performance of HST-SFN scheme B is around 1.2~1.4dB worse than that of HST single tap.
Given that there are differences on the UE processing and demodulation performance, we prefer to define requirements for scheme B. 
However, we don’t think UE can skip scheme B test cases if UE pass scheme A test cases. They are two different features with different UE processing and have performance difference. So we don’t want to introduce the applicability between scheme A and B. 

	Qualcomm
	We support option 2. Assuming PDSCH is Doppler pre-compensated, our understanding is that it does not impact the UE side processing in a meaningful way, e.g., even in the presence of residual error. Therefore, we don’t think it is necessary to define requirements for Scheme B.

	Huawei
	Issue 2-1-1: Whether to define PDSCH requiremnt with HST-SFN scheme B
We are OK for the recommended WF. For the test applicability rule, we prefer to only consider Option 1b to reduce the test effort. Considering the different UE algorithm and different UE feature for normal SFN/SFN schemeA/SFN schemeB,  we don’t think Option 1a and Option 1c is reasonable.

	CMCC
	Issue 2-1-1:
We are OK with recommended WF. We see the necessity to define PDSCH requirements for HST-SFN scheme B. Firstly, there is still residual doppler shift, it is better to guarantee UE demodulation performance. Secondly, from UE feature aspect, supporting HST scheme A, HST-SFN scheme B under HST_SFN channel are different features, it is necessary to define requirements for scheme B to verify the processing. As for whether to have applicability rule and how to design the applicability rule, we are open to discussion.

	MediaTek
	Issue 2-1-1: Whether to define PDSCH requirement with HST-SFN scheme B
We support Option 2. When doppler is pre-compensated we don’t see meaningful differences in UE processing.

	Samsung
	Issue 2-1-1: Whether to define PDSCH requirement with HST-SFN scheme B
From UE feature, scheme A and B are different UE feature with capability, UE may or may not support both schemes, could company can clarify how can deal the UE only support scheme B? 
To QC, apple and MTK
For scheme B, two TCI state assumption with variant A, where Variant A: One of the TCI state can be associated with {average delay, delay spread} and another TCI states can be associated with {average delay, delay spread, Doppler shift, Doppler spread} (i.e., QCL-TypeA)
Based on that scheme, it is assuming the Doppler shift already compensated in gNB side per TRP basis, the residual Doppler shift/spread should be same for two TRPs. UE still need to handle this doppler. Also, UE still need use TRP based TRSs to track delay parameters in per RRH/TCI state manner, which is different with Rel-16 single-tap, with assuming ideal timing, there is no delay modelling in channel model. 
While for scheme A, UE will process doppler tracking per TRP associated with both TCI states (QCI-type A) 
Meanwhile, as indicted in companies’ contribution, performance degradation existing compared with single-tap, it is necessary to verify UE processing for this scheme 




 
Sub topic 2-2 
	Company
	Comments

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

	Apple
	Issue 2-2-1: Maximum Doppler Shift
We support the recommended WF.
Issue 2-2-2: MCS & Rank
We support the recommended WF.
Issue 2-2-3
We support the recommended WF.


	Ericsson
	Issue 2-2-1 Maximum Doppler Shift
We prefer to set higher Doppler shift of 972Hz for SCS 15kHz since UE can estimate Doppler shift per RRH. Because of the independent TRS per RRH, UE can estimate Doppler shift even with 972Hz with SCS=15kHz. Moreover, based on our simulation results, configuring 972Hz can still achieve reasonable performance. 
Issue 2-2-2 MCS & Rank
Our intention is to reuse the Rel-16 HST-SFN test setup (Option 1: MCS13 with rank 2). But we are also fine with higher MCS options if other companies are fine. 
Issue 2-2-3 UE capability
Agree with the recommended WF. 

	Qualcomm
	Issue 2-2-1: Maximum Doppler Shift
We are fine with the recommended WF.
Issue 2-2-2: MCS & Rank
We are fine with the recommended WF.
Issue 2-2-3
We are fine with the recommended WF.

	Huawei
	Issue 2-2-1: Maximum Doppler Shift
We are OK for the recommended WF.
Issue 2-2-2: MCS & Rank 
We prefer to keep previous agreement that is MCS 17 with rank 2. As per our evaluation, MCS 17 with rank 2 is feasible to achieve the maximum throughput.
Issue 2-2-3: UE capability
We are OK for the recommended WF.

	Docomo
	Issue 2-2-1 Maximum Doppler Shift
Our preference is Option 2 (i.e. 972Hz) .
In our understnading, Rel-17 HST-SFN scheme A can support 972Hz because UE can track the Doppler shift per each RRH and need not track the Doppler shift jump that is observed in Rel-16 HST-SFN.
In addition, based on the Ericsson's simulation results, 972Hz can achieve reasonable performance with MCS 13.

To other company : 
We would like to clarify one thing.
Even in HST-SFN scheme A environment, is there the Doppler shift jump that is observed in Rel-16 HST-SFN?
Issue 2-2-2 MCS & Rank
We support the recommended WF.
We think that enhancement of Maximum Doppler Shift value is more important than enhancement of MCS & Rank.
Issue 2-2-3 UE capability
We support the recommended WF.

	CMCC
	Issue 2-2-1:
We are fine with the recommended WF.
Issue 2-2-2:
For HST scheme A, according to the agreements in RAN1, the same DMRS port(s) can associate with multiple TCI states. In detail, TRS is transmitted in TRP-specific / non-SFN manner, and DMRS and PDCCH/PDSCH from different TRPs are transmitted in SFN manner. In this way, different TRS corresponds to a major channel path from different TRP, UE can estimate the different large scale profiles especially for Doppler shift based on the different TRSs for DMRS channel estimation. In this way, the performance of channel estimation is expected to be improved. From this point of view, MCS 17 with rank 2 is preferred. 
Issue 2-2-3:
OK with recommended WF.

	MediaTek
	Issue 2-2-1: Maximum Doppler Shift
We support the recommended WF.
Issue 2-2-2: MCS & Rank
We support the recommended WF.
Issue 2-2-3
We support the recommended WF.

	SoftBank
	Issue 2-2-1:
Our preference is Option 2. 



Sub topic 2-3 
	Company
	Comments

	XXX
	Issue 2-3-1

	Ericsson
	Issue 2-3-1 Modelling of TRP pre-compensation
We prefer option 1. 
However, we understand estimation error at gNB in the real environment. We are also open for further evaluation on option 2 if it is agreed to define Scheme B test case. 

	Qualcomm
	Issue 2-3-1: Modelling of TRP pre-compensation
Can the proponent of option 1 clarify what is meant by perfect modeling of TRP pre-compensation? Does it mean that complete modeling of the estimated Doppler behaviour at the gNB side? Or is it meant to say that Doppler is fully pre-compensated by the gNB?

	Huawei
	Issue 2-3-1: Modelling of TRP pre-compensation
We prefer Option 2. It is necessary to consider Doppler offset caused by TRP pre-compensation error to verified UE proper behaviour under such scenario.

	MediaTek
	Issue 2-3-1: Modelling of TRP pre-compensation
If requirements are introduced, we would prefer Option 1. We think Option 2 would require more evaluation.

	Samsung
	Issue 2-3-1: Modeling of TRP-pre-compensation 
Our intention is to simply the test with assuming Doppler is fully pre-compensated by gNB, there is no limitation the gNB behaviour,
In our understanding, even with doppler pre-compensated by gNB per TRP bis, UE still need to hander the residual doppler/shift, which is assuming for two TRP, UE only need use one TRS (another TCI states can be associated with {average delay, delay spread, Doppler shift, Doppler spread) for doppler tracking and compensate it for two TRPs single.
We are open with option 2, while considering the time line, we suggest to apply option 1


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

	XXX
	Company A

	
	Company B

	
	

	YYY
	Company A

	
	Company B

	
	



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

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

	Sub-topic 2-1
	Issue 2-1-1: Whether to define PDSCH requirement with HST-SFN scheme B
GTW agreement:
· Further discuss test case design for HST scheme B and FFS whether dedicated test cases need to be introduced for HST scheme B.
Moderator: 3 companies propose to de-prioritize it with no requirements, considering there is no difference UE processing compared with HST scheme A. Meanwhile, the pre-compensation modeling is need to be further discussed.
4 companies propose to define HST scheme B requirement, considering different processing with Rel-16 SFN, single tap, and scheme A UE feature
· For scheme A, UE need to track two TCI states for both delay and Doppler.
· For scheme B, UE need to track two TCI states for delay and track one TCI state for Doppler
· For legacy SFN, UE need to track only one TCI state for both delay and Doppler
From UE feature aspects, scheme A and B are different UE feature
Candidate options:
· Option 1 (Samsung, Ericsson, Huawei, CMCC): Introduced the PDSCH requirement with HST-SFN B under test applicability rule 
· FFS on the pre-compensation modeling  
· Option 2(Apple, MTK, Qualcomm): Not to introduce the PDSCH requirement with HST-SFN B
Recommendations for 2nd round:
· Encourage companies can check whether how to move forward 


	Sub-topic 2-2
	Issue 2-2-1: Maximum Doppler Shift 
Issue 2-2-2: MCS & Rank 
Moderator: 3 companies proposed lager doppler with can be supported, considering UE can estimate Doppler shift per RRH.  All the chip vendors propose doppler with same as Rel-16 SFN and DPS as 870Hz.   Meanwhile, as observed in Companies, large performance different with 972Hz and 870Hz
972 Hz is defined for single tap in Rel-16 HST, which only 1 TCI state without modeling delay. For HST-SFN A, where the same DMRS ports can associate with multiple TCI states. In detail, TRS is transmitted in TRP-specific / non-SFN manner, and DMRS and PDCCH/PDSCH from different TRPs are transmitted in SFN manner, the processing is still different with single-tap, 870Hz should be more realistic assumption 
Regarding the MCS and Rank, 2 companies think MCS 17 is still work compare with MCS 13, 5 companies prefer MCS 13 with Rank 2, 
Candidate options:
· Option 1 (Samsung, CMCC, Huawei, Qualcomm, MTK, Apple): 870Hz for 15KHz
· Option 2 (NTTDoComMo, SoftBank, Ericsson): 972Hz for 15KHz
Candidate options:
· Option 1(Samsung, Ericsson, Qualcomm, Apple, MTK): MCS 13 with Rank 2
· Option 2(CMCC, Huawei): MSC17 with Rank 2
Recommendations for 2nd round:
· Encourage companies can check whether the following can be agreeable as a compromise solution with combining Issue 2-2-1 and Issue 2-2-2
· 870Hz for 15KHz
· MCS 17 with Rank2

Issue 2-2-3: UE capability 
Moderator: HST-SFN scheme A and scheme B are different UE features with capability. All companies are agreed option 1
Tentative agreements:
· 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”.

	Sub-topic 2-3
	Issue 2-3-1: Modelling of TRP pre-compensation
Candidate options:
· Option 1(Samsung, Ericsson, MTK (if introduced)): Assume perfect modeling of TRP pre-compensation 
· Option 2(Huawei): 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:
· Encourage companies can check whether option 1 can be agreeable?




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”.

Issue 2-1-1: Whether to define PDSCH requirement with HST-SFN scheme B
· Proposals 

· Option 1 (Samsung, Ericsson, Huawei, CMCC): Introduced the PDSCH requirement with HST-SFN B under test applicability rule 
· FFS on the pre-compensation modeling  
· Option 2(Apple, MTK, Qualcomm): Not to introduce the PDSCH requirement with HST-SFN B
· Recommended WF
· Encourage companies can check whether how to move forward 

	Company
	Comments

	XXX
	Issue 1-1-1

	Samsung
	As commented in 1st round, we do see the different UE processing for scheme B compared with scheme A, existing  Rel-16 SFN and single-tap. Meanwhile, given scheme A and scheme B are different UE features with capability, therefore, we prefer option 1 to introduce the performance requirement to verify the proper UE receiver.

	Apple
	HST Scheme B is a simplified case of HST Scheme A in our understanding. In both cases UE has to track 2 TCI  states, in scheme B the Doppler is already pre-compensated. We have agreed to define requirements for Scheme A which requires enhanced processing compared to Scheme B. There are also issues of how we model the pre compensation - residual error/vs ideal pre-comp  etc that need to be further discussed. In the interest of time, we suggest to de-prioritize this and focus on the remaining issues for HST scheme A. 

	Ericsson
	We are fine with option 1. From our analysis, there are differences on the UE processing comparing scheme B  with scheme A and HST single tap. And, our simulation results also showed performance differences.  

	 CMCC
	Scheme B and scheme A is different UE feaures. It is necessary to define PDSCH requirements. And applicability rule is considered to reduce the test burden.

	Samsung
	To apple, it is true that UE need to track 2 TCI state for both shemes.
While there is difference processing for doppler tracking, scheme A require tracking  Doppler and compensate it individually based on each TRS (TCI state) per TRP, while scheme B require tracking the resdiual doppler based on one of TRS and compensate it same for Two TRPs, which associated the TCI state wwith QCL-type A. The enhanced processing is only applied for scheme A. While scheme A and scheme B are different UE features, in case UE only support scheme B, it is necessary to verify the processing without enhanced processing, where doppler tracking and compensation for TRP based on only one TCI staate. 

	Qualcomm
	We support option 2. Since PDSCH will be Doppler pre-compensated from the network side for Scheme B, our understanding is that UE demod processing is not impacted in a meaningful way. Even in the presence of residual Doppler (after pre-compensation), UE should be able to deal with it as the residual Doppler is expected to be small.

	Huawei
	We are OK with Option 1. Scheme A and Scheme B are different UE features with different UE processing algorithm.

	MediaTek
	We share the similar view to Apple that HST-SFN Scheme B is simplified case of HST-SFN Scheme A and therefore we suggest to prioritize our efforts to
finalize Scheme A requirements and de-prioritize Scheme B work.




Issue 2-3-1: Modelling of TRP pre-compensation
· Proposals 
· Option 1(Samsung, Ericsson, MTK (if introduced), Apple): Assume perfect modeling of TRP pre-compensation 
· Option 2(Huawei, 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 companies can check whether option 1 can be agreeable?

	Company
	Comments

	XXX
	Issue 2-3-1

	Samsung
	we prefer to option 1
Our intention is to simply the test with assuming Doppler is fully pre-compensated by gNB, there is no limitation  the gNB behavior and UE receiver processing.
In our understanding, even with doppler pre-compensated by gNB per TRP, UE still needs to handle the residual  doppler/shift, which is assuming the same for two TRPs, UE will use one TRS (associated with {average delay, delay spread, Doppler shift, Doppler spread) for doppler tracking and compensate it for two TRPs.

	Apple
	If requirements are introduced, we prefer option 1. Adding residual Doppler shift might not really test anything  on UE side. If pre-compensation is assumed, the UE would have the same processing whether there is perfect compensation or residual errors. 

	Ericsson
	We prefer option 1, which is also our assumption for our submitted simulation results in this meeting.

	Huawei
	We prefer Option 2. For Scheme B, UE still need to estimate Doppler spread from between two TRP for channel estimation, otherwise the performance can be degraded obviously if there is larger pre-compensation error between different TRP. We think the frequency error from gNB side is needed.

	MediaTek
	If requirements are introduced, we would prefer Option 1.

	 CMCC
	 Option 2. The main consideration is that even with TRP pre-compensation, it is most likely that there is still residual doppler shift, it is better to reflect the practical scenario.

	Samsung
	The test purpose is to verify the proper doppler tracking and compensation with one TCI state for scheme B, there is no limitation of gNB pre-compensation opeartion, with and without the  residual Doppler shift, there is no impact on the receiver progress. Imperfect compensation is easy to implementation and test for TE, To move forward and consider the time line of this WI,  I wonder whether Huawei could compromise to option 1?

	Huawei
	We still prefer Option 1. Existence of frequency error between two TRP is more typical in the real network for multi-TRP scenario. We think Option 2 is too ideal that cannot be used to verify proper UE processing when there is frequency error between two TRP and cannot ensure UE performance under SchemeB. For the frequency error value, we can compromise to consider 0.1ppm instead of 0.2ppm.




Issue 2-2-1: Maximum Doppler Shift 
Issue 2-2-2: MCS & Rank 
· Proposals for Maximum Doppler Shift
· Option 1 (Samsung, CMCC, Huawei, Qualcomm, MTK, Apple): 870Hz for 15KHz
· Option 2 (NTTDoComMo, SoftBank, Ericsson): 972Hz for 15KHz
· Proposals for MCS & Rank
· Option 1(Samsung, Ericsson, Qualcomm, Apple, MTK): MCS 13 with Rank 2
· Option 2(CMCC, Huawei): MSC17 with Rank 2
· Recommended WF from Moderator 
· Encourage companies can check whether the following can be agreeable as a compromise solution with combining Issue 2-2-1 and Issue 2-2-2
· 870Hz for 15KHz
· MCS 17 with Rank2
· Recommended WF based on 2nd round discussion 
· RAN4 will consider the following options and decide 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
· Option 2: 972Hz
· MCS17 rank 2 as the baseline. RAN4 may consider MCS13 rank 2 according to the simulation results



	Company
	Comments

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

	Samsung
	From our side, we perfer to define the requirement with option 1 for both Doppler frequency and MCS. We are ok to compromise to move forward as  870Hz for 15KHz, MCS 17 with Rank 2 to adress the concern of high doppler.
Regarding Doppler frequency aspects, as observed in Companies, large performance different with 972Hz and 870Hz. 972Hz is defined for single  tap in Rel-16 HST, which only 1 TCI state without modeling delay. For HST-SFN schme A, where the same DMRS ports can associate with multiple TCI states. In detail, TRS is transmitted in TRP-specific / non-SFN manner, and DMRS and PDCCH/PDSCH from different  TRPs are transmitted in SFN manner, the processing is still different with single-tap, 870Hz should be more realistic assumption, Therefore, our perference is still 870Hz
Regarding the MCS and Rank2, MCS 13 is used in existing test cases for SFN, as indicated in companies results, the performance can be still  achieved with MCS17. 

	Apple
	We support Option 1 for both proposals. These are to be decided by simulation results rather than by compromise. We prefer to keep options  open and decide based on simulation results.

	Ericsson
	We prefer option 2 for the Doppler shift value, since UE can estimate Doppler shift per RRH.
For MCS selection, our intention is to reuse the Rel-16 HST-SFN test setup. But we are also fine with higher MCS options.
We think maybe it’s early to agree on the Doppler shift and MCS values in this meeting since there are still many companies have not  submitted results.

	CMCC
	we are OK with the recommended WF. For MCS and Rank, we already agreed MCS 17 in last meeting, and according to companies' evaluation, the maximum throughput can be achieved with MCS 17. We prefer to keep the previous agreement.

	Docomo
	As for the Doppler shift value, since 1 company shared the simulation result under the condition of "972 Hz + MCS 13," and there is no performance degradation, our preference is still option 2.
And also, if it is difficult to reach a consensus, we prefer to keep both options (i.e. Doppler Shift / MCS＆Rank) in this meeting.

	Samsung
	Regarding the MCS, it has been agreed in the last meeting, we should keep the agreement. As for Doppler shift,  we are ok to keep it open. While based on the simuation results provided and magority view, can will set 870Hz as baseline, since it is same with existing Rel-16 HST-SFN test setup

	SoftBank
	Regarding the maximum doppler shift, we prefer Option 2 but we support the comment that it should be decided based on the simulation results from more companies.

	Ericsson
	Regarding to the Doppler shift value, with HST-SFN scheme A, UE can estimate Doppler shift per TRP. UE is not expected the TRS from two or more TRPs and their Doppler shift is the mixture of +fmax and -fmax. This is equivalent with HST-single tap case and therefore we think it is feasible to configure fmax=972Hz.
We also think setting fmax=972Hz is important to guarantee the UE performance with 500km/h in FDD low band (band n1 2.1GHz).
Thus, our preference is 972Hz for Doppler shift vale.
We are fine to keep it open in this meeting, but we don’t prefer to set 870Hz as baseline.
 
As for the MCS value, we respect the previous agreements. However, with lack of companies simulation results for the feasibility of MCS17 in this meeting, we think RAN4 can still revisit the previous agreement if there is technical issue, e.g., the required SNR is extremely high.
 
In this case, we propose the following wayforward:
· MCS17 rank 2 as the baseline. RAN4 may consider MCS13 rank 2 according to the simulation results
· Doppler shift: RAN4 will consider the following options and decide 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
Option 2: 972Hz

	Qualcomm
	Our understanding is that the difference between the estimated Doppler frequencies for TRP#1 (i.e., estimated from TRS1) and TRP#2 (i.e., estimated from TRS2) should still be within the TRS pull-in range with some margin, therefore we support 870HZ for 15KHz.
We are okay with the recommended WF, but would like to keep MCS13 option open so that companies can submit results with both MCS.

	Huawei
	We are OK with the recommended WF. In last meeting, there is an agreement that MCS 17 is selected, also based on our simulation results, MCS17 is feasible. For the maximum Doppler shift, 870Hz should be considered to align with the legacy HST-SFN. 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 correctly derive the Doppler value for the maintained TCI state.

	MediaTek
	We support Option 1 (870Hz for 15kHz) for maximum doppler shift.
We agree that in HST-SFN Scheme A UE is capable to estimate higher doppler shift but in those cases SNR would be limited.
Therefore we do not consider Option 2 as practical configuration.

We prefer Option 1 (MCS13 with Rank2) for MCS and Rank.
Some companies suggest to make decision based on simulation results and we are fine with that if needed.

Please note, that if we could make decision of some assumptions already in this meeting, that would help to reduce simulation efforts.

	Docomo
	We support WF proposed by Ericsson.

	Samsung
 
 
	Consider the time line and reduce the simulation efforts,  we donot think we need to keep so many options. For MCS, our preference to keep the agreement in the last meeting, and encourage companies to bring the simualtion results with 972 Hz and 870 Hz Doppler , 870 Hz can be baseline, as used in the exisitng Rel-16 test setup

	Apple
	To re-iterate our comments, we would need to decide MCS based on simulation results, rather than by going with last meeting’s agreements, which were based on R16 requirements. Our preference is to keep options for MCS open. We can use max Doppler 870Hz.





Topic #3: CSI reporting requirement for multi-TRP
Companies’ contribution summary
	T-doc number
	Company
	Proposals / Observations

	R4-2208495
	Samsung
	Observation 1: There is enough performance gap between X=0 PMI following case and random PMI case with current agreed test set-up, MIMO correlation (XP High) and test metric (relative TP ratio with following PMI /random Type I).
Proposal 1: Introduce multi-TRP PMI test cases with following test set-up
· MIMO correlation: XP-High
· Test metric: following PMI/random PMI with Type I codebook
· Reference Test point: [90]%
· Number of CSI ports per TRP: 8 ports
Proposal 2: Defining PMI requirement for Rel-17 eType II port selection with SU-MIMO test set-up.

	R4-2209698
	Ericsson
	Observation 1: the throughput gain for 4Tx is around 1.25 and the throughput gain for 8Tx is aground 1.6.
Proposal 1: Option 1: 8 for each TRP

	R4-2209735
	Nokia, Nokia, Shanghai Bell
	CSI reporting requirement for multi-TRP
Single-DCI
Observation 1: For single-DCI cases with overlapping PDSCH resources, the optimal PMI/RI/CQI calculations differ significantly from legacy.
Observation 2: Practically used algorithms for CQI and RI derivation will likely remain the same from non-mTRP implementations, however with high impact on performance.
Proposal 1: For single-DCI M-TRP with overlapping PDSCH resources, define new CSI reporting requirement for RI and CQI.
Multi-DCI
Observation 3: For multi-DCI cases with non-overlapping PDSCH resources, the PMI/RI calculations for each TRP are not different from single TRP. CQI on the other hand is shared among TRPs, so the single TRP algorithm does no longer apply.
Observation 4: For multi-DCI cases with fully overlapping PDSCH resources, the PMI, CQI and RI calculations for each TRP are impacted and differ all from the legacy algorithm.
Proposal 2: For multi-DCI with non-overlapping PDSCH resources, define new CSI reporting requirements for CQI reporting for Multi-DCI based Multi-TRP.
Proposal 3: For Multi-DCI with overlapping PDSCH resources, define new CSI reporting requirements for PMI, CQI, RI reporting for Multi-DCI based Multi-TRP scheme, if time allows.
Number of CSI-RS Ports
Observation 5: From a test perspective 4 ports will provide with the best performance to complexity/cost trade-off compared to 8 Ports for each TRP with current proposed channel models.
Proposal 4: Use 4 CSI-RS ports for each TRP.

	R4-2209891
	Huawei, HiSilicon
	Proposal 1: Only define PMI reporting cases for single-DCI based multi-TRP scheme.
Proposal 2: Select 4 ports per TRP for CSI reporting requirements for mTRP.

	R4-2210149
	Qualcomm
	Proposal 1: Option 2 (Not define RI, CQI reporting requirement for single-DCI, Not define CQI reporting requirement for multi-DCI)



Open issues summary
Last RAN4 meeting agreeements in the WF R4-2207209
List of open issues
· Sub-topic 3-1 Test Scope
· Issue 3-1-1: Test cases for CSI reporting enhancement for m-TRP transmission
· Sub-topic 3-2 Test setup for CSI reporting requirement for m-TRP transmission
· Issue 3-2-1: MIMO correlation 
· Issue 3-2-2: Test Metric
· Issue 3-2-3: Test Point
· Issue 2-2-4: Number of CSI-RS Port

Sub-topic 3-1: Test Scope
Issue 3-1-1: Test cases for CSI reporting enhancement for m-TRP transmission
· Observations
· Observation 1(Nokia):
· For single-DCI cases with overlapping PDSCH resources, the optimal PMI/RI/CQI calculations differ significantly from legacy.
· Practically used algorithms for CQI and RI derivation will likely remain the same from non-mTRP implementations, however with high impact on performance.
· For multi-DCI cases with non-overlapping PDSCH resources, the PMI/RI calculations for each TRP are not different from legacy. CQI on the other hand is shared among TRPs, so the legacy algorithm does no longer apply
· For multi-DCI cases with fully overlapping PDSCH resources, the PMI, CQI and RI calculations for each TRP are impacted and differ all from the legacy algorithm.
· Proposals
· Option 1(Nokia): 
· For single-DCI M-TRP with overlapping PDSCH resources, define new CSI reporting requirement for RI and CQI
· For Multi-DCI with overlapping PDSCH resources, define new CSI reporting requirements for PMI, CQI, RI reporting for Multi-DCI based Multi-TRP scheme, if time allows.
· Option 2 (Huawei, Qualcomm): Only define PMI reporting cases for single-DCI based on multi-TRP
· Recommended WF
· Encourage comments if any 

Sub-topic 3-2: Test setup for CSI reporting requirement for m-TRP transmission
Issue 3-2-1: MIMO correlation 
· Observations
· Option 1 (Samsung):
· There is enough performance gap between X=0 PMI following case and random PMI case with current agreed test set-up, MIMO correlation (XP High) and test metric (relative TP ratio with following PMI /random Type I).
· Proposals
· Option 1 (Samsung): XP-High
· Recommended WF
· Option 1?

Issue 3-2-2: Test Metric 
· Observations
· Option 1 (Samsung):
· There is enough performance gap between X=0 PMI following case and random PMI case with current agreed test set-up, MIMO correlation (XP High) and test metric (relative TP ratio with following PMI /random Type I).
· Proposals
· Option 1 (Samsung): follow PMI/random PMI with Type I codebook
· Recommended WF
· Option 1?

Issue 3-2-3: Test Point
· Observations
· Option 1 (Samsung):
· There is enough performance gap between X=0 PMI following case and random PMI case with current agreed test set-up, MIMO correlation (XP High) and test metric (relative TP ratio with following PMI /random Type I).
· Proposals
· Option 1 (Samsung): TP ratio with [90]%
· Recommended WF
· Option 1?

Issue 3-2-4: Number of CSI -RS Port
· Observations
· Option 1 (Samsung):
· There is enough performance gap between X=0 PMI following case and random PMI case with current agreed test set-up, MIMO correlation (XP High) and test metric (relative TP ratio with following PMI /random Type I).
· Option 2 (Ericsson):
· The throughput gain for 4Tx is around 1.25 and the throughput gain for 8Tx is aground 1.6.
· Option 3 (Nokia):
· From a test perspective 4 ports will provide with the best performance to complexity/cost trade-off compared to 8 Ports for each TRP with current proposed channel models.
· Proposals
· Option 1 (Samsung, Ericsson): 8 ports per TRP
· Option 2 (Huawei, Nokia): 4 ports per TRP
· 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

	Nokia, Nokia Shanghai Bell
	Issue 3-1-1
Our preference would be to define S-DCI overlap reporting requirements for RI and CQI, for M-DCI non-overlap reporting requirements for CQI only, for M-DCI with overlap reporting requirements for PMI, RI, CQI.
Considering the limited time and work load, we can compromise on defining only PMI reporting test cases for both Single, and CQI for M-DCI.

	Apple
	Issue 3-1-1
We support option 2. Rel-17 CSI reporting enhancements for mTRP are for single DCI SDM transmission scheme only. For mDCI transmission scheme there is no CSI reporting enhancement in our understanding and the UE reports CSI based on the configured resources. 

	Ericsson
	Issue 3-1-1 Test cases for CSI reporting enhancement for m-TRP transmission
We support option 2. 
For single DCI based SDM scheme: UE will benefit the most from PMI reporting of m-TRP enhancement on CSI. Besides, it is confusing for gNB to apply if UE reports different CQI and/or RI values since the transmitted two layers are from two different gNB respectively. 
For multi-DCI: PMI and RI reporting are the same with legacy processing. CQI reporting is different but with no enhanced algorithm.

	Qualcomm
	Issue 3-1-1: Test cases for CSI reporting enhancement for m-TRP transmission
We support option 2. Since only one CQI will need to be reported and rank reporting may not be different, i.e., considering single TRP (e.g., rank 4) and m-TRP with 2+2 case, we propose to define performance requirement only for PMI reporting.

Also, our understanding is that the multi-DCI processing is not different compared to that of single DCI transmission. Hence, we don’t see a necessity to define such requirement. Also, our understanding is that multi-DCI is not part of the FeMIMO WID for “Enhancement on CSI measurement and reporting”.

	Huawei
	Issue 3-1-1: Test cases for CSI reporting enhancement for m-TRP transmission
As per RAN1 conclusion, there is no consensus to support enhanced CSI reporting for multi-DCI based NCJT, UE cannot be precluded to report one CQI per TRP. We don’t think  multi-DCI based NCJT is typical application scenario for Rel-17 CSI reporting enhancement for m-TRP transmission. Also considering the test effort, we prefer to only consider PMI reporting cases for single-DCI based on multi-TRP that is more useful.



	Intel
	Issue 3-1-1
We prefer option 1. It is necessary to specify at least for single DCI based scheme the CQI and PMI, RI requirements since they are significantly different from legacy schemes. Based on RAN1 design, UE should measure and report a single CQI, and separate PMI and RI values for each TRP. Regarding multiple DCI based scheme, we could consider only CQI reporting since for non-overlapped PDSCH allocation PMI and RI calculation for each TRP is the same as for that of single TRP scheme.

	MediaTek
	Issue 3-1-1: Test cases for CSI reporting enhancement for m-TRP transmission
We support Option 2. PMI reporting for single-DCI is the key enhancement and we should focus on that.

	Apple2
	Follow up after GTW on support for CSI enh for multi-DCI
From RAN1 agreements in RAN1#105-e:
[image: ]
WA from RAN1#103e from multi-DCI based NCJT:
[image: ]

	Qualcomm2
	Follow up after GTW session on CSI enhancement for multi-DCI
[image: ]

	Samsung
	Considering there is not conclusion for multi-DCI for CSI enhancement and time line for this WI, we are ok to compromise to not CQI requirement for multi-DCI     

	Nokia, Nokia Shanghai Bell
	We thank Apple for digging out these working agreements from the rather convoluted RAN1 discussion on this topic. We ultimately also found it in the FL summary after RAN1#106 (which lists the prior agreements as well):
Agreement
For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, the UE is expected to report 
· two RIs, two PMIs, two LIs and one CQI per codeword, for single-DCI based NCJT when the maximal transmission layers is less than or equal to 4
· FFS: Maximal transmission layers larger than 4
· FFS: Whether/how a subset of above reporting quantities are allowed to be configured to the UE
· FFS: whether/how to support two RIs, two PMIs, two LIs and two CQIs, for multi-DCI based NCJT 
[…]
Hence, we no longer propose to add m-DCI test cases.
· For Multi-DCI with overlapping PDSCH resources, define new CSI reporting requirements for PMI, CQI, RI reporting for Multi-DCI based Multi-TRP scheme, if time allows.

Independent of this, we still see a need to also have requirements for CQI in sDCI reporting schemes, as this indicator is heavily impacted by the inter-cell mTRP scenario (i.e., the links to the two TRPs might be very imbalanced) and it should be calculated with adapted algorithms to, for example, either promote two stable links or one high TPUT link. Hence, we propose:
· For single-DCI M-TRP with overlapping PDSCH resources, define new CSI reporting requirement for RI and CQI
However, we see that not many contributors think this is necessary to have on top of sDCI PMI requirements, so we will not continue to press the matter unless more interest is expressed in the second round.




Sub topic 3-2 
	Company
	Comments

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

	Nokia, Nokia Shanghai Bell
	Issue 3-2-1
Based on companies provided simulation results we support option1 (XP-High).
Issue 3-2-2
We are fine with option 1 (follow PMI/random PMI with Type I codebook)
Issue 3-2-3
We are fine with option 1 (TP ratio with [90]%)
Issue 3-2-4
Simulations that show very similar follow PMI performance between 4 and 8 port (at 90% TP ratio) but clear worse performance of random pmi for 8 ports over 4 ports.
Since the follow performance is almost identical and 2x8 port is much more complex/expensive to calculate than 2x4 port, it seems to us that 2x4 is a more realistic implementation. Furthermore, the random performance is expectedly worse with more ports and hence inflates the performance ratio. 

	Apple
	Issue 3-2-1
We are fine with option 1.
Issue 3-2-2
We are fine with option 1.
Issue 3-2-3
We are fine with option 1.
Issue 3-2-4
We support Option 2. We assume that each TRP is transmitting 1 layer. 4 TX per TRP should be sufficient in our understanding for defining requirements for PMI reporting with mTRP.


	Ericsson
	Issue 3-2-1 MIMO correlation
OK with option 1. XP-high can be reused. 
Issue 3-2-2 Test Metric
OK with option 1. 
Issue 3-2-3 Test Point
OK with option 1. 
Issue 3-2-4 Number of CSI-RS Port
We slightly prefer option 1, since it gives the better performance gain. 

	Qualcomm
	Issue 3-2-1
We support the recommended WF. We think XP high was already agreed during the last meeting, so we are not sure the purpose of this proposal.
Issue 3-2-2
We support the recommended WF. Similarly, we think this performance metric was already agreed during the last meeting, so we are not sure the purpose of this proposal. Can the proponent of this proposal clarify?
Issue 3-2-3
We support the recommended WF. 
Issue 3-2-4
We support Option 1. The performance gain is too tight with 4-port for each TRP.

	Huawei
	Issue 3-2-1: MIMO correlation
We are OK for the recommended WF.
Issue 3-2-2: Test Metric 
We are OK for the recommended WF.
Issue 3-2-3: Test Point
TP ratio with 90% can be as starting point. Further modification can be considered based on the evaluation results.
Issue 3-2-4: Number of CSI -RS Port
We prefer 4 ports per TRP. As per RAN1 feature list, the number of Tx ports per TRP can be {2, 4, 8, 12, 16, 24, 32}. Considering that we are defining the minimum requirements, test coverage should be considered to ensure more UE can be tested against this.

	MediaTek
	Issue 3-2-1: MIMO correlation 
We support the recommended WF.
Issue 3-2-2: Test Metric 
We support the recommended WF.
Issue 3-2-3: Test Point
We support the recommended WF.
Issue 3-2-4: Number of CSI -RS Port
We support the Option 1. It has higher performance gain and it is more typical setting in live networks.

	Samsung
	Issue 3-2-, Issue 3-2-2 & Issue 3-2-3
We evaluated performance under multi-TRP following PMI and random PMI with Type I codebook constructions under XP High channel correlation 16QAM rank2 (each TRP rank1) case
Based on our results, there is enough performance gap between X=0 PMI following case and random PMI case with current agreed test set-up, MIMO correlation (XP High) and test metric (relative TP ratio with following PMI /random Type I). 
Issue 3-2-4
Regarding the antenna port, in the last meeting, 4 and 8 port are considered for candidate options for evaluation.  Based on our evaluation, the gain with 4 port is limited, Meanwhile, up to 32Tx port considering for PMI with single-TRP, 4 port is not inefficient compared with single-DCI and single -TRP


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”



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

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

	Sub-topic 2-1
	Issue 3-1-1: Test cases for CSI reporting enhancement for m-TRP transmission
GTW agreement:
· FFS for introducing CQI reporting test case with multi-TRP transmission 
· Further check whether multi-DCI scheme supported for CSI enhancement with multi-TRP transmission
Moderator: 5 companies prefer to only define PMI requirement for single-DCI, As checking in RAN1, since there is not conclusion for CSI enhancement for multi-DCI, 2 companies are ok to compromise without CQI requirement introduced for multi-DCI multi-TRP
Tentative agreements:
· Only PMI requirement introduced for CSI reporting enhancement for m-TRP transmission

	Sub-topic 3-2
	Issue 3-2-1: MIMO correlation 
Issue 3-2-2: Test Metric 
Issue 3-2-3: Test Point
Tentative agreements:
· MIMO correlation: XP High
· Test Metric: TP ratio between following PMI and Random PMI
· Test Point: 90%
Recommendations for 2nd round: N/A
Issue 3-2-4: Number of CSI -RS Port
Moderator: 4 companies prefer 8 CSI-RS ports per TRP considering the higher performance gain compared with 4 ports per TRP, 3 companies think 4 ports per TRP is sufficient with complexing. 
In this last meeting, 4 port and 8 port are selected as candidate solution, encourage companies are provided simulation results in this meeting, 2 company show large gain with 8 ports, where
· For both FDD mode and TDD mode 4x2, TP gain at 90% point is 1.5 around.
· For FDD mode 8x2, TP gain at 90% point is 2.6 around, while TDD mode 8x2 TP gain at 90% point is 2.9 around.
Considering the performance gain, also no enough input, suggest to agree with 8 as baseline based majority, encouraged interesting companies to provided simulation results for both 4 and 8 ports results in RAN4#104-e meeting, make decision in the next meeting
Candidate options:
· Option 1 (Samsung, Ericsson, Qualcomm, MTK): 8 ports per TRP
· Option 2 (Nokia, Apple, Huawei): 4 ports per TRP
Recommendations for 2nd round:
· Encourage companies can check whether the following can be agreed based on Majority view  
· 8 ports per TRP as baseline
· Encourage interesting companies to provided simulation results for both 4 and 8 ports result in RAN4#104-e meeting, make decision in the next meeting




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”.
Issue 3-2-4: Number of CSI -RS Port
· Proposals 
· Option 1 (Samsung, Ericsson, Qualcomm, MTK): 8 ports per TRP
· Option 2 (Nokia, Apple, Huawei): 4 ports per TRP
· Recommended WF from Moderator
· Encourage companies can check whether the following can be agreed based on Majority view  
· 8 ports per TRP as baseline
· Encourage interesting companies to provided simulation results for both 4 and 8 ports result in RAN4#104-e meeting, make decision in the next meeting
· Recommended WF based on 2nd round discussion
· Option 1((Samsung, Ericsson, Qualcomm, MTK, Nokia, Apple)
· 8 ports per TRP as baseline
· 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 
 


	Company
	Comments

	XXX
	Issue 1-1-1

	Samsung
	 We prefer option 1 and are also ok the recommended WF to move forward
In the last meeting, both option1 and option2 were considered for candicated options for evaluation. As shown in our simulaiton, encourage companies are provided simulation results in this meeting
, 2 company show large gain with 8 ports, where
·       For both FDD mode and TDD mode 4x2, TP gain at 90% point is 1.5 around.
·       For FDD mode 8x2, TP gain at 90% point is 2.6 around, while TDD mode 8x2 TP gain at 90% point is 2.9 around.
Meanwhile, up to 32Tx port considering for PMI with single-TRP, we think 4 port is not inefficient compared with single-DCI and single -TRP

	Ericsson
	We are fine with the recommended WF.

	Apple
	We are fine with the recommended WF.

	Qualcomm
	We are okay with the recommended WF.

	Nokia
	Our preference is option 2, but we can compromise to option 1.

	Huawei
	We still prefer Option 2. As per RAN1 feature list, UE is allowed to report 4 ports per TRP. Considering that we are defining the minimum requirements, more test coverage should be ensured. If 8 port per TRP is selected, then UE supporting 4 port per TRP have no chance to be tested.

	MediaTek
	We are fine with the recommended WF.



Topic #4: PMI reporting requirement for Rel-17 enhanced Type II PS codebook
Companies’ contribution summary
	T-doc number
	Company
	Proposals / Observations

	R4-2208495
	Samsung
	Proposal 2: Defining PMI requirement for Rel-17 eType II port selection with SU-MIMO test set-up.

	R4-2209736
	Nokia, Nokia, Shanghai Bell
	Whether to define PMI requirement for Rel-17 FeType II PS codebook
Observation 1: The main advantage of feTypeII port selection codebook is not only to outperform the eTypeII port selection codebook, but to reduce the computation complexity at the UE.
Observation 2: Defining PMI reporting requirements for Rel-17 feTypeII port selection codebook based on evaluation on the performance gain over eTypeII codebook does not indicate whether to define PMI requirements for Rel-17 feTypeII port selection.
Observation 3: The complexity reduction at the UE introduced by feTypeII port selection, requires a completely new implementation of the PMI calculation and selection routines in the UE.
Proposal 1: Define PMI requirement for Rel-17 feType II port selection, for FDD FR1.
Observation 4: The TE is not required to use SRS from UE to estimate the AoA and delays of the radio channel profile.
Observation 5: The TE can simply apply the best W1 and Wf based on the known AoA and delays of the radio channel profile of the test.
Proposal 2: The SU-MIMO hardware setup shall be the same for feType II PS CB as for eType II PS CB.
Observation 6: The software procedures at TE would be different for feType II PS CB as for eType II PS CB in the sense that the TE would need to match its W1 and Wf to the TDL model selected
Proposal 3: The TE shall use the same W1 for all TDL models and test variants for feType II PS CB performance and adjust the Wf per TDL model.
Proposal 4: The test metric for the PMI requirement for Rel-17 feTypeII port selection shall be relative throughput ratio between following PMI and random PMI
General Test setup of PMI reporting requirement
SU-MIMO test setup with hardcoded W1 and Wf
Observation 7: By Utilizing the proper choice of codebook via virtual UL, the TE can discard the UE SRS and simply deduct W1 and Wf from the emulated radio channel in DL.
Proposal 5: We propose to use the hardware test setup for SU-MIMO already specified for eTypeII rel16 with the TE software approach presented in Figure 2 where W1 and Wf are hardcoded for selected TDL profile.
Extension to MU-MIMO test
Proposal 6: Define requirements for a single hardware test setup that covers both SU-MIMO and MU-MIMO with TE channel to precoding mapping (virtual SRS AoA, AoD estimation)
Modelling BF CSI-RS Port
Observation 8: The power scaling solution has the advantage that the simulated beampattern is independent of any real array structure and the TE does not need to have any kind of array in the first place. This also means that TEs from different vendors can be made fully comparable.
Observation 9: The power scaling method cannot make the feTypeII PS work on its own, as the Wf component is not covered; only the W1 aspect is. As such a secondary solution to derive Wf from the chosen TDL model in the TE is required.
Proposal 7: RAN4 to use a fixed, i.e., non-phase rotating, beamformer based on the LTE power scaling method, in conjunction with a frequency selective beamforming step that is explicitly derived from the used TDL model.

	R4-2209892
	Huawei, HiSilicon
	Proposal 1: Define PMI reporting requirement for Rel-17 FeTypeII port selection codebook based on evaluation on the performance gain over eTypeII codebook.
Proposal 2: Only consider SU-MIMO setup if PMI reporting requirement for FeTypeII port selection is introduced.
Proposal 3: Select Option 1a if PMI reporting requirement for FeTypeII port selection is introduced.
Proposal 4: Use the test configuration in Table 2.4.1 for FeTypeII PMI reporting case.
	Parameter
	Value

	Codebook parameter configurations (paramCombination)
	{M=1, α=1, β=1} (i.e. configuration 4 in TS 38.214 Table 5.2.2.2.7-1) and {M=2, α=1/2, β=1/2} (i.e. configuration 5 in TS 38.214 Table 5.2.2.2.7-1)

	R (numberOfPMISubbandsPerCQISubband)
	1

	Number of CSI-RS ports
	16

	Rank & MCS
	MCS20 and rank2

	CSI-RS resource Type
	Aperiodic

	ReportConfigType
	Aperiodic

	Test metric
	“FeTypeII follow” vs “TypeI single panel random”

	Others
	Same as Rel-16 eTypeII codebook PMI reporting case




	R4-2210150
	Qualcomm
	Proposal 1: Option 2 (Do not define PMI requirement for Rel-17 FeTye II PS codebook)

	R4-2209699
	Ericsson
	Proposal 1: Discuss the work scope together with the test setup and test metric



Open issues summary
Last RAN4 meeting agreeements in the WF R4-2207209
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 4-2: Test setup of PMI reporting requirement for FeType II PS codebook if introduced
· Issue 4-2-1: General Test setup of PMI reporting requirement
· Issue 4-2-2: SU-MIMO test setup
· Issue 4-2-3: MU-MIMO test setup
· Issue 4-2-4: Test Metric
· Issue 4-2-5: Modelling BF CSI-RS Port
· Issue 4-2-6: Test Configuration for FeType II PMI reporting 

Sub-topic 4-1: Test Scope
Issue 4-1-1: Whether to define PMI requirement for Rel-17 FeTye II PS codebook
· Observations
· Observation1(Nokia): 
· The main advantage of feTypeII port selection codebook is not only to outperform the eTypeII port selection codebook, but to reduce the computation complexity at the UE.
· Defining PMI reporting requirements for Rel-17 feTypeII port selection codebook based on evaluation on the performance gain over eTypeII codebook does not indicate whether to define PMI requirements for Rel-17 feTypeII port selection.
· The complexity reduction at the UE introduced by feTypeII port selection, requires a completely new implementation of the PMI calculation and selection routines in the UE.
· Proposals
· Option 1 (Samsung, Nokia, Huawei): Yes
· Option 1a (Huawei): Define PMI reporting requirement for Rel-17 FeTypeII port selection codebook based on evaluation on the performance gain over eTypeII codebook.
· Option 2 (Qualcomm): No
· Option 3 (Ericsson): Discuss the work scope together with the test setup and test metric
· Recommended WF
· Encourage comments if any 

Sub-topic 4-2: Test setup of PMI reporting requirement for FeType II PS codebook if introduced
Issue 4-2-1: General Test setup of PMI reporting requirement
· Proposals
· Option 1 (Nokia): Both SU-MIMO and MU-MIMO
· Option 2 (Samsung, Huawei, Ericsson): SU-MIMO
· Recommended WF
· Encourage comments if any.


Issue 4-2-2: SU-MIMO test setup
· Observation
· Option 1 (Nokia)
· The TE is not required to use SRS from UE to estimate the AoA and delays of the radio channel profile.
· The TE can simply apply the best W1 and Wf based on the known AoA and delays of the radio channel profile of the test.
· The software procedures at TE would be different for feType II PS CB as for eType II PS CB in the sense that the TE would need to match its W1 and Wf to the TDL model selected
· By Utilizing the proper choice of codebook via virtual UL, the TE can discard the UE SRS and simply deduct W1 and Wf from the emulated radio channel in DL
· Proposals
· Option 1 (Nokia): 
· The SU-MIMO hardware setup shall be the same for feType II PS CB as for eType II PS CB.
·  Use the hardware test setup for SU-MIMO already specified for eTypeII rel16 with the TE software approach presented in Figure 2 where W1 and Wf are hardcoded for selected TDL profile.
· Recommended WF
· Encourage comments if any.

Issue 4-2-3: MU-MIMO test setup
· Proposals
· Option 1 (Nokia): Define requirements for a single hardware test setup that covers both SU-MIMO and MU-MIMO with TE channel to precoding mapping (virtual SRS AoA, AoD estimation)
· Recommended WF
· Encourage comments if any.

Issue 4-2-4: Test Metric
· Proposals
· Option 1 (Nokia): TP ratio between following PMI and random PMI
· Option 2 (Huawei): TP ration between following PMI and Type I single panel random PMI
· Recommended WF
· Encourage comments if any.

Issue 4-2-5: Modelling BF CSI-RS Port
· Observation
· Option 1 (Nokia)
· The power scaling solution has the advantage that the simulated beampattern is independent of any real array structure and the TE does not need to have any kind of array in the first place. This also means that TEs from different vendors can be made fully comparable.
· The power scaling method cannot make the feTypeII PS work on its own, as the Wf component is not covered; only the W1 aspect is. As such a secondary solution to derive Wf from the chosen TDL model in the TE is required.
· Proposals
· Option 1 (Samsung)
· Option 1a (Huawei): MIMO fading channel as Rel-13 LTE Class B K=1 PMI test cases
· Option 1b: Power scaling method similar as Rel-13 LTE Class B K>1 CRI test case  
· Option 2 (Nokia)
· RAN4 to use a fixed, i.e., non-phase rotating, beamformer based on the LTE power scaling method, in conjunction with a frequency selective beamforming step that is explicitly derived from the used TDL model.
· Recommended WF
· Encourage comments if any.

Issue 4-2-6: Test Configuration for FeType II PMI reporting
· Proposals
· Option 1 (Huawei)
	Parameter
	Value

	Codebook parameter configurations (paramCombination)
	{M=1, α=1, β=1} (i.e. configuration 4 in TS 38.214 Table 5.2.2.2.7-1) and {M=2, α=1/2, β=1/2} (i.e. configuration 5 in TS 38.214 Table 5.2.2.2.7-1)

	R (numberOfPMISubbandsPerCQISubband)
	1

	Number of CSI-RS ports
	16

	Rank & MCS
	MCS20 and rank2

	CSI-RS resource Type
	Aperiodic

	ReportConfigType
	Aperiodic

	Test metric
	“FeTypeII follow” vs “TypeI single panel random”

	Others
	Same as Rel-16 eTypeII codebook PMI reporting case



· Recommended WF
· Encourage comments if any.

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

	XXX
	Issue 4-1-1

	Nokia, Nokia Shanghai Bell
	Issue 4-1-1
We maintain our view of preferring option 1b (defining PMI requirement for Rel-17 feType II port selection only if RAN4 can reach an agreement on a simplified way of testing with SU-MIMO test set-up) since the gNB/SS implementation that needs to be performed at TE is fairly straight forward and this would allow performance validation of new UE reporting capability for rel17 FeTypeII PS CB.

	Apple
	Issue 4-1-1
We support option 2 – not to define requirements for Rel-17 FeType II PS. Since Rel-15 we haven’t introduced any requirements with port selection codebook since defining such requirements rely on gNB transmitting beam formed CSI-RS based on measurements from UL signals. We don’t see how defining requirements for UE alone for this is sufficient as it relies on proper processing at gNB. We don’t we have requirements for gNB to ensure proper beamforming of CSI-RS based on SRS measurements in our understanding. It would be in complete to only define requirements for the UE for this case.

	Ericsson
	Issue 4-1-1: Whether to define PMI requirement for Rel-17 FeTye II PS codebook
In our view, the test setup and test metric are two significant aspects that needs to be carefully discussed before making the decision on whether to introduce the requirement for Rel-17 Port Selection Codebook. For the test setup, simpler way of modeling for gNB delay/angle by uplink reference signal needs to be find. For the test metric, we still have concern since there is no Rel-15/16 Port Selection Codebook test case for reference. Unlike the existing Type-I SP codebook and (e)Type-II codebook tests, UE is required to report the recommended CSI-RS port numbers. We think this requires new test setup which can be used not only for Rel-17 PS codebook test but also for Rel-15/16 PS codebook test. 

	Qualcomm
	Issue 4-1-1: Whether to define PMI requirement for Rel-17 FeTye II PS codebook
We support option 2. The FeTypeII PS CB requires BS beamforming on the CSI-RS signal based on the estimation of SRS signal. However, the implementation of the BS beamforming is not standardized for FeTypeII PS CB. Hence, the UE performance cannot be guaranteed with such a CB. In parituclar, any restriction on the BS beamforming will not guarantee optimal UE performance. Furthermore, absence of a baseline performance, e.g., performance from Rel-15 PS CB, we think that the performance requirement for FeTypeII PS CB should not be defined in Rel-17.

	Huawei
	Issue 4-1-1: Whether to define PMI requirement for Rel-17 FeType II PS codebook
We are OK with Option 1 to verify UE behaviour with the FeType II port selection codebook scheduling. The test setup can be further discussed.

	MediaTek
	Issue 4-1-1: Whether to define PMI requirement for Rel-17 FeType II PS codebook
We think test setup and test metric would need to be discussed first. If RAN4 can find consensus of test setup where modeling of beamformed CSI-RS is clearly defined, and reasonable test metric can be found, we are open to support the requirement.



Sub topic 1-2 
	Company
	Comments

	XXX
	Issue 4-2-1
Issue 4-2-2
Issue 4-2-3
Issue 4-2-4
Issue 4-2-5
Issue 4-2-6

	Nokia, Nokia Shanghai Bell
	Issue 4-2-1
Our proposed test setup for SU-MIMO would be straightforward to be extended to MU-MIMO. 
As we discussed in Rel-16 NR_eMIMO a MU setup can be quickly created with only one real UE and a virtual UE that exists only in the TE. The TE can then choose (or hardcode) a PMI choice for the virtual UE whose effective resulting channel (i.e., physical channel x precoder) is not fully orthogonal to the effective channel of the real UE under test.
Furthermore, the extension to MU test setups is long overdue in RAN4 demodulation, we should seriously consider starting this extension of test setups here in NR_feMIMO.
We are looking forward to hearing some more opinions on this matter before the time window of Rel-17 closes.
Issue 4-2-2
We have proposed a setup for SU-MIMO that would be straightforward to implement.
In short, the W1 in the TE can be hardcoded to either broadside beam or sweeping beam (per slot). The LTE power scaling method (or others) can be used to define the specific beamformer(s) for the CSI-RS (and data).
The Wf can then be hardcoded (or the algorithm defined) for each TDL model, with the details needing to be defined, but the specific implementation being rather transparent to the UE under test operation.
Issue 4-2-3
We have proposed a setup in our contribution that covers both SU-MIMO and MU-MIMO and would appreciate companies’ feedback. Please see our answer to Issue 4-2-1 concerning how to extend SU to MU (which follows our discussions in Rel-16).
Issue 4-2-4
Our only preference is that we use the TP ratio between follow PMI and random PMI. Which CB the random PMI is taken from is secondary in our opinion. Though the Rel-16 eTypeII requirements have follow vs. random from eTypeII, so continuing this configuration seems most straightforward to us.
Issue 4-2-5
We can agree to option 1b if it is extended with a frequency selective precoding step that is explicitly derived from the used TDL model.
Issue 4-2-6
Further study needed.

	Ericsson
	Issue 4-2-1 General Test setup of PMI reporting requirement
We prefer option 2. 
Issue 4-2-2 SU-MIMO test setup
Further check on the feasibility needed by TE vendors. 
Issue 4-2-3 MU-MIMO test setup
Issue 4-2-4 Test metric
Having a comparison between performances of Rel-15/16 Port Selection Codebook and Rel-17 Port Selection Codebook is the most straightforward test metric, since it can directly show the gain by the enhancement. However, since there are no Rel-15/16 Port Selection Codebook test cases, we are considering the possibility of comparing the gain from Rel-17 Port Selection Codebook over Rel-16 eType II Codebook. 
Issue 4-2-5
Further evaluation needed. 
Issue 4-2-6

	Huawei
	Issue 4-2-1: General Test setup of PMI reporting requirement
Option 2.
Issue 4-2-4: Test Metric
Option 2. Maybe further simulation is needed to select proper test metric.
Issue 4-2-5: Modelling BF CSI-RS Port
We slightly prefer Option 1a.
Issue 4-2-6: Test Configuration for FeType II PMI reporting
Option 1.

	MediaTek
	Issue 4-2-1: General Test setup of PMI reporting requirement
We support Option 2. Considering how difficult it may be to find consensus in test setup and test metric, it is better to focus on SU-MIMO only.

	Samsung
	Regarding the beamforming modeling,
In general, the method with fixed w1 and wf should be a feasible solution, We are not sure whether it can be supported by TE vendor, especially for wf selection derived from the test channel power delay profile, Further check with the feasibility of TE vendor is needed
Regarding test metric,
Since there is no reference in Rel-15/16 for PS, it is not proper with following compared with rel-15/16 PS CB (either following or random), while RAN1 has shown that it outperforms Rel-16 PS (port selection) eType-II CSI,
Regarding the metric compared with type II, we think it is not meaningful to compare with eType II CB, although the same CB structure applied for PS CB, since the most computational requirement for precoding has been shifted to Gnb by performing pre-beamforming on CSI-RS for PS CB, to reduce the complexity at the UE side. 




 
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”



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

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

	Sub-Topic 4-1
	Issue 4-1-1: Whether to define PMI requirement for Rel-17 FeTye II PS codebook
GTW attentive agreement 
· Further discuss test case design especially for BF modelling in BS side, RAN4 will not introduce requirements for Rel-17 FeType II PS codebook if RAN4 can’t identify proper test case set-up by end of Aug RAN4 meeting. 
Moderator:  Companies think the test setup and test metric are two significant aspects need to be further discussion before making decision, The following discussion aspects are suggested 
Candidate options:
· Modelling BF CSI-RS Port
· Wide beam W1 Modeling 
· Option 1a: MIMO fading channel as Rel-13 LTE Class B K=1 PMI test cases
· Option 2: LTE power scaling method similar as Rel-13 LTE Class B K>1 CRI test case
· Option 2a: fixed, i.e., non-phase rotating, beamformer based on LTE power scaling used to define the specific beamformers for CSI-RS and data
· Frequency selective precoding Wf Modeling
· Option 1: explicitly derived from chosen TDL model 
· Option 2: other options 
· FFS on TE implementation with Wf to UE under test operation  
· Option 1: specific implementation to UE under test operation 
· Option 2: transparent to UE under test operation 
· Test set up 
· Option 1
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· FFS on the TE implementation for W1 and Wf
· Option 1: hardcoded or algorithm defined on TE, and use the same W1 for all TDL models and test variants for FeType II PS CB performance and adjust the Wf per TDL model
· FFS on the feasibility of TE implementation for W1 and Wf
· Test Metric
· Option 1: following PMI with random PMI 
· Option 2:  Following FeType II CB over following eType II CB
· Option 3:  Following FeType II CB PMI over Type 1 single panel random PMI  
Recommendations for 2nd round:
· Further discuss the test case design to identify proper test case set-up




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”.

Issue 4-1-1: Whether to define PMI requirement for Rel-17 FeTye II PS codebook
· Proposals 

· Modelling BF CSI-RS Port
· Wide beam W1 Modeling 
· Option 1a: MIMO fading channel as Rel-13 LTE Class B K=1 PMI test cases
· Option 2: LTE power scaling method similar as Rel-13 LTE Class B K>1 CRI test case
· Option 2a: fixed, i.e., non-phase rotating, beamformer based on LTE power scaling used to define the specific beamformers for CSI-RS and data
· Frequency selective precoding Wf Modeling
· Option 1: explicitly derived from chosen TDL model 
· Option 2: fixed Wf for each selected TDL channel model
· Option 3: other options 
· FFS on TE implementation with Wf to UE under test operation  
· Option 1: specific implementation to UE under test operation 
· Option 2: transparent to UE under test operation 
· Test set up 
· Option 1
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· FFS on the TE implementation for W1 and Wf
· Option 1: hardcoded or algorithm defined on TE, and use the same W1 for all TDL models and test variants for FeType II PS CB performance and adjust the Wf per TDL model
· Option 2: Use the same method as type-I/II, i,e., gNB follow the PMI reported from UE. No specific algorithm in gNB/TE side
· FFS on the feasibility of TE implementation for W1 and Wf
· Test Metric
· Option 1: following PMI with random PMI 
· Option 2:  Following FeType II CB over following eType II CB
· Option 3:  Following FeType II CB PMI over Type 1 single panel random PMI  
· Encourage interesting companies including TE vendors bring more analysis about the test design especially for BF modelling in BS side and test feasibility in RAN4#104-e meeting. 

· Proposals
· Further discuss the test case design to identify proper test case set-up

	Company
	Comments

	Anritsu
	From the TE feasibility, though it seems many test architecture can be reused from Rel-16 eTypeII test functionality, it is appreciated that we come back with the further analyses at the next meeting. At least currently due to the limit with the processing time of precoder, it is not possible to update a precoding slot by slot basis. And we also prefer to start supporting from SU-MIMO only.  

	Samsung
	Regarding the wide beam W1 modelling, both option1a and option2 have been applied in existing  LTE and NR test framework, my understanding there should be no test feasibility issue,, need to confirmed by TE vendors. The phase rotation per slot is to adjust the beam direction during the test, it is not proper to be fixed
Regarding the frequency selection Wf modeling, option 1 should be feasible, but we are not sure whether it can be changed per slot during the test, since the channel is timing-varying.
Regarding the TE implementation for W1 and Wf,  at least for Wf, it will be changed per slot, the hardcoded defined on TE may be not feasible, need to confirmed by TE
Regarding the TE implementation with Wf to UE under test operation,  in general, it is beneficial for UE to obtain this information, while wf is changed per slot, we are sure how can UE obtain this information
Regarding the feasibility of TE implementation for W1 and Wf, it may check with TE vendor, whether it can be supported based on existing test framework
Regarding the test metric, the design principle of FeType II CB is different with type II CB, which moves the CB calculation complexity from UE side to gNB , aiming to reduce the feedback overhead,. Meanwhile, according the RAN1 evaluation,  there is no large performance difference between FeType II CB and Type II CB, since the main benefit of  FeType PS CB is to reduce UE computational complexity.
Therefore, we think it is not proper to define test metric with option 2 and option 3, It is more straightforward to use option 1.

	Ericsson
	For evaluation purpose, we have the following comments: 
WB modeling: option 1a/2 is the starting point so that UE can select the best port(s)
Wf modeling: Option 1 (use TDL info) is too complex even from simulation point of view. 'Not modeling' is another option.
For TE implementation for W1/Wf:
· Our preference is to use the same method as type-I/II, i.e., gNB follow the PMI reported from UE. No specific algorirm in gNB/TE side.
For test metric: further check the feasibility for each option.

	Apple
	We still don’t see the necessity to introduce requirements for this feature in Rel-17. We propose to de-prioritize this. 

	Qualcomm
	Our understanding is that any restriction on the BS beamforming may not guarantee optimal UE performance for FeTypeII PS CB. Since the implementation of the BS beamforming is not standardized, the UE performance cannot be guaranteed with such a CB. Therefore, we don’t support defining requirements for FeTypeII PS CB.

	Nokia
	We agree with Samsung and Anritsu  that everyone brings detailed proposal for next meeting.
Regarding companies concerns on per slot dynamic Wf, one Option could  be a more conservative fixed Wf for each selected TDL channel model.  

	Huawei
	For the wide beam W1 Modeling, Option 1a can be as starting point for evaluation.
For the Frequency selective precoding Wf Modeling, further input from TE is needed.
For the test metric, further selection from either Option 1 or Option 3 is needed. Option 3 if it is found that the gNB BF modelling has no impact on gain calculation, otherwise Option 1.

	MediaTek
	We agree with Samsung, Anritsu and Nokia that everyone brings detailed proposals for the next meeting.




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

	R4-220XXXX
	WF on CSI requirement for Rel-17 FeMIMO
	Samsung
	

	R4-220XXXX
	WF on demodulation requirement for Enhancement on HST-SFN deployment
	Ericsson
	

	R4-220XXXX
	WF on demodulation requirement for Enhancement on Multi-TRP
	Huawei
	



Existing tdocs
	Tdoc number
	Revised to
	Title
	Source
	Recommendation  
	Comments

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

	R4-2208494
	
	Views on FeMIMO Demodulation requirements
	Samsung
	Noted
	

	R4-2208495
	
	Discussion and simulation results for Rel-17 CSI reporting under FeMIMO WI
	Samsung
	Noted
	

	R4-2208509
	
	Discussion on demodulation requirements for enhancement to support HST-SFN
	CMCC
	Noted
	

	R4-2208840
	
	Discussion on demodulation performance requirements definition for Rel17 multi-TRP
	MediaTek Inc.
	Noted
	

	R4-2209696
	
	Discussion on the PDSCH requirement for HST-SFN scenario
	Ericsson
	Noted
	

	R4-2209697
	
	Discussion on the enhancement on Multi-TRP
	Ericsson
	Noted
	

	R4-2209698
	
	Discussion on the CSI reporting for Multi-TRP transmission
	Ericsson
	Noted
	

	R4-2209699
	
	Discussion on the Rel-17 eType II port selection codebook
	Ericsson
	Noted
	

	R4-2209735
	
	On CSI reporting for Multi-TRP transmission for FeMIMO
	Nokia, Nokia Shanghai Bell
	Noted
	

	R4-2209736
	
	On Rel-17 eType II port selection codebook for FeMIMO
	Nokia, Nokia Shanghai Bell
	Noted
	

	R4-2209887
	
	Discussion on UE FeMIMO demod HST-SFN
	Huawei, HiSilicon
	Noted
	

	R4-2209888
	
	Simulation results on UE FeMIMO demod HST-SFN
	Huawei, HiSilicon
	Noted
	

	R4-2209889
	
	Discussion on UE FeMIMO demod mTRP
	Huawei, HiSilicon
	Noted
	

	R4-2209890
	
	Simulation results on UE FeMIMO demod mTRP
	Huawei, HiSilicon
	Noted
	

	R4-2209891
	
	Discussion on UE FeMIMO CSI mTRP
	Huawei, HiSilicon
	Noted
	

	R4-2209892
	
	Discussion on UE FeMIMO CSI FeTypeII PS codebook
	Huawei, HiSilicon
	Noted
	



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

	R4-2210699
	
	WF on CSI requirement for Rel-17 FeMIMO
	Samsung
	Agreeable
	Quick check issue 3-2-4,
Whether companies can acceptable the recommended WF

	R4-2210670
	
	WF on demodulation requirement for Enhancement on HST-SFN deployment
	Ericsson
	Agreeable
	Check issue 2-1-1
and issue 2-3-1 in GTW if time allowed 

	R4-2210671
	
	WF on demodulation requirement for Enhancement on Multi-TRP
	Huawei
	Agreeable
	Check issue 1-1-1 in GTW if time allowed 



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
Annex 
Contact information
	Company
	Name
	Email address

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

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

	Ericsson
	Jiakai Shi
	Jiakai.shi@ericsson.com

	Qualcomm Inc
	Md Jahidur Rahman
	rahman@qti.qualcomm.com

	MediaTek
	Hannu Vesala
	hannu.vesala@mediatek.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)
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Conclusion:
There is no consensus to go with either of the following options in RAN1 #105e:
Option I: Confirm the Working Assumption from RAN1#103¢
Option 2: The UE can be expected to report one RI, one PMI, one LI and one CQI per TRP, up to 2
TRPs, for Multi-DCI based NCIT
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For CS| measurement for multi-DCI based NCIT, down select one of following two options:
«  Option 1 (Explicit): CMRs corresponding to different TRPs can be associated with different reporting
settings respectively, with the same configurations between two settings except for PUCCH/PUSCH
resources and CMR/IMR resources setting(s)
«  Option 2 (Implicit): a single CSI reporting setting associated with each TRP where a NZP CSI-RS is
configured for interference measurement from another TRP
«  FFS: how interference from CMR in the linked reporting settings in option 1 or from the NZP CSI-RS
configured as IMR in option 2 is considered in CQI calculation
Following restrictions apply to both options:
«  Atleast ‘typel-SinglePanel’ codebook is supported

o FFS: Other codebook types
« Only ‘periodic’ and ‘semiPersistentOnPUCCH' cases are supported;
«  The number of ports of two CMRs associated to two reporting settings for NCIT CSI measurement
are the same;
«  The support of larger than 32 ports across two CMRs is optional for a UE supporting Rel. 17 mTRP
csi
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4. Enhancement on CSI measprement and reporting:

a

b,

Evaluate and, if needed, specify CSI reporting for DL multi-TRP and/or multi-panel transmission to
enable more dynamic channel/interference hypotheses for NCIT, targeting both FR1 and FR2
Evaluate and, if needed, specify Type II port selection codebook enhancement (based on Rel.15/16
Type I port selection) where information related to angle(s) and delay(s) are estimated at the gNB
based on SRS by utilizing DL/UL reciprocity of angle and delay, and the remaining DL CSI is
reported by the UE, mainly targeting FDD FR1 to achieve better trade-off among UE complexity,
and reporting overhead
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