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Introduction
This document captures the first round of discussion for this meeting on the how to set requirements for NR FR2 multi-Rx chain DL reception. 
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Topic #1: 11.8.1 Work Plan
Companies’ contributions summary
	T-doc number
	T-doc name
	Company
	Proposals / Observations

	R4-2211814
	Proposal on spherical coverage requirements for FR2-1 multi-Rx chain DL reception
	Nokia, Nokia Shanghai Bell
	Proposal 1: RAN4 must consider in this work item how to specify the DL spherical coverage requirement of the FR2-1 multi-Rx chain UE to ensure satisfactory real-life performance of the FR2-1 multi-Rx chain UE for two AoAs simultaneous reception in terms of both spherical coverage percentage and sensitivity.

	R4-2212333
	Work plan for FR2 UE multi-Rx chain DL reception
	Qualcomm Incorporated, vivo
	(Moderator summary: Work plan proposed, can it be agreed)

	R4-2213053
	Work plan for RRM requirement for NR FR2 multi-Rx chain DL reception
	vivo, Qualcomm
	(Moderator summary: Work plan proposed, can it be agreed)



Open issues summary
Work plan for UE RF Proposal (R4-2212333)
	RAN 4 meeting
	Date
	Discussion
	Work progress goal

	RAN4#104
	Aug. 2022
	Discussion on system assumptions, UE assumptions
	Agree on system assumptions 

	RAN4#104-Bis
	Oct. 2022
	UE hardware assumptions
	Agree on UE assumptions

	RAN4#105
	Nov. 2022
	Requirement concept
	

	RAN4#106
	Feb. 2023
	Requirement concept  and Simulation discussion 
	Agree on details pertaining to simulation effort

	RAN4#106-Bis
	Apr. 2023
	Simulation results discussion 
	Draft CR?

	RAN4#107
	May 2023
	Requirement Parameter details
	Draft CR

	RAN4#108
	Aug. 2023
	Requirement Parameter details
	Feature CR



Suggested WF on 1.2.1: Agree with proposal, or provide refinements below:

	Company
	Comments

	Nokia
	OK with suggested WF.

	Apple
	In our understanding, requirement concept means what constitutes an appropriate requirement in RAN4 and what the requirement should look like. We believe requirement concept is important and may take quite some time to converge. Therefore, we propose to start earlier with the discussion and add requirement concept to RAN4#104-Bis in parallel with UE hardware assumption.

	Sony
	Fine with the proposal.



Work plan for UE RRM Core part (R4-2213053)
	RAN 4 meeting
	Date
	Discussion
	Work progress goal

	RAN4#104
	Aug. 2022
	Study and initial discussion on the feasibility/necessity of specifying RRM core requirements for the following procedures/measurements, and corresponding core requirements
-	L1-RSRP measurement delay
-	L3 measurement delay (both cell detection delay and measurement period can be considered)
-	RLM and BFD/CBD requirements
-	Scheduling/measurement restrictions
-	TCI state switching delay with dual TCI
-	Receive timing difference between different directions (different QCL Type D RSs)
	Conclusion on the study/feasibility/necessity of at least some of the requirements

Approve the RRM work plan


	RAN4#104-Bis
	Oct. 2022
	Continue discussion on the feasibility/necessity of specifying RRM core requirements for the following procedures/measurements, and corresponding core requirements
-	L1-RSRP measurement delay
-	L3 measurement delay (both cell detection delay and measurement period can be considered)
-	RLM and BFD/CBD requirements
-	Scheduling/measurement restrictions
-	TCI state switching delay with dual TCI
-	Receive timing difference between different directions (different QCL Type D RSs)
	Conclusion on the study/feasibility/necessity of all the requirements

Agreements on assumptions of receive timing difference between different directions

Initial agreements on the confirmed RRM requirements

	RAN4#105
	Nov. 2022
	Continue discussion on the RRM core requirements for the following procedures/measurements, if feasibility/necessity is agreed  
-	L1-RSRP measurement delay
-	L3 measurement delay
-	RLM and BFD/CBD requirements
-	Scheduling/measurement restrictions
-	TCI state switching delay with dual TCI
	Further agreements on the confirmed RRM requirements


	RAN4#106
	Feb. 2023
	Continue discussion on the RRM core requirements for the following procedures/measurements, if feasibility/necessity is agreed  
-	L1-RSRP measurement delay
-	L3 measurement delay
-	RLM and BFD/CBD requirements
-	Scheduling/measurement restrictions
-	TCI state switching delay with dual TCI
	Further agreements on the confirmed RRM requirements


	RAN4#106-Bis
	Apr. 2023
	Continue discussion on the RRM core requirements for the following procedures/measurements, if feasibility/necessity is agreed  
-	L1-RSRP measurement delay
-	L3 measurement delay
-	RLM and BFD/CBD requirements
-	Scheduling/measurement restrictions
-	TCI state switching delay with dual TCI
	Further agreements on the confirmed RRM requirements
Work split on the Draft CRs


	RAN4#107
	May 2023
	Continue discussion on the remaining issues for the RRM core requirements
	Initial discussion on the Draft CRs
Further agreements on the confirmed RRM requirements

	RAN4#108
	Aug. 2023
	Continue discussion on the remaining issues for the RRM core requirements
	Conclude all the RRM requirements 
Endorse all the Draft CRs for core part of the WI



Suggested WF on 1.2.2: Agree with proposal, or provide refinements below:

	Company
	Comments

	Nokia
	OK with suggested WF.

	LG Electronics
	It’s better to be discussed in [233] thread.



Work plan for UE RRM performance part (R4-2213053)
	RAN 4 meeting
	Date
	Discussion
	Work progress goal

	RAN4#106
	Feb. 2023
	Initial discussion on the RRM Performance requirements and test cases corresponding to the new core requirements
Initial discussion on RRM test cases to verify the UE behavior/functionalities needed to support this feature in case existing requirements are reused
	

	RAN4#106-Bis
	Apr. 2023
	Continue discussion on the RRM Performance requirements and test cases corresponding to the new core requirements
Continue discussion on RRM test cases to verify the UE behavior/functionalities needed to support this feature in case existing requirements are reused
Initial discussion on list of test cases
	

	RAN4#107
	May 2023
	Continue discussion on the RRM Performance requirements and test cases corresponding to the new core requirements

Continue discussion on RRM test cases to verify the UE behavior/functionalities needed to support this feature in case existing requirements are reused
	Initial agreement on list of test cases

	RAN4#108
	Aug. 2023
	Continue discussion on the RRM Performance requirements and test cases corresponding to the new core requirements

Continue discussion on RRM test cases to verify the UE behavior/functionalities needed to support this feature in case existing requirements are reused
	Work split on the Conclude the list of test cases

Work split on the Draft CRs for performance requirements and test cases



	RAN4#108-Bis
	Oct. 2023
	Continue discussion on the remaining issues for performance requirements and test cases

Initial discussion on the Draft CRs for performance requirements and test cases
	

	RAN4#109
	Nov. 2023
	Continue discussion on the remaining issues for performance requirements and test cases 
Continue discussion on the Draft CRs for performance requirements and test cases
	

	RAN4#110
	Feb. 2024
	Continue discussion on the remaining issues for performance requirements and test cases
	Conclude all the performance requirements and test cases
Endorse all the Draft CRs for the performance part of the WI



Suggested WF on 1.2.3: Agree with proposal, or provide refinements below:

	Company
	Comments

	Nokia
	OK with suggested WF.

	LG Electronics
	It’s better to be discussed in [233] thread.




Companies views’ collection for 1st round 
Open issues 
See previous subsection 1.2
CRs/TPs comments collection 
N/A
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.
	
	Description
	Status summary 

	1.2.1
	UE RF workplan
	Tentative agreements: none after 1st round
Candidate options: none
Recommendations for 2nd round: Continue discussion in WF

	1.2.2 
	UE RRM Core workplan
	Discussion moved to [233]

	1.2.3 
	UE RRM performance workplan
	Discussion moved to [233]




CRs/TPs
N/A
Discussion on 2nd round (if applicable)

From WF discussion
	RAN 4 meeting
	Date
	Discussion
	Work progress goal

	RAN4#104
	Aug. 2022
	Discussion on system assumptions, UE assumptions
	Agree on system assumptions 

	RAN4#104-Bis
	Oct. 2022
	UE implementation assumptions and Requirement concept
	

	RAN4#105
	Nov. 2022
	UE implementation assumptions and Requirement concept
	Agree on UE assumptions

	RAN4#106
	Feb. 2023
	Requirement concept and Simulation discussion 
	Agree on details pertaining to simulation effort

	RAN4#106-Bis
	Apr. 2023
	Simulation results discussion 
	Draft CR?

	RAN4#107
	May 2023
	Requirement Parameter details
	Draft CR

	RAN4#108
	Aug. 2023
	Requirement Parameter details
	Feature CR



	Company
	Agree/Disagree, include justification

	Huawei
	OK with the work plan.

	Nokia
	OK with proposal.

	Apple
	What exactly does “hardware” refer to? Antenna panels and the associated RF/IF chains? The WI title is “FR2 multi-Rx chain DL reception” and RX chains include RF/IF/BB. Would it be possible to replace “hardware assumption” with “implementation assumption”?

	Qualcomm
	Agree with ‘implementation assumption’ 

	Moderator
	The workplan has been revised according to the comments, companies are encouraged to further check. 

	Verizon
	Agree with the work plan!

	Huawei
	OK with the update from Moderator.

	vivo
	OK with the work plan, and the term “implementation assumption”

	OPPO
	OK with the updated work plan.

	ZTE
	Ok with the plan.




Topic #2: 11.8.2 	UE RF
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	T-doc name
	Company
	Proposals / Observations

	R4-2211815
	Enhanced spherical coverage requirements for multi-rx chains UEs
	Nokia, Nokia Shanghai Bell
	Observation 1: With broad UE beams, the spherical coverage of multi-rx chains UEs varies by at least +1.8 dB and up to +2.4 dB at the 50-th %-ile compared to single-rx chain UEs 
Observation 2: With narrow UE beams, the spherical coverage of multi-rx chains UEs varies by at least +1.9 dB and up to +2.8 dB at the 50-th %-ile compared to single-rx chain UEs. 
Proposal 1: The scope of an RX chain architecture includes possible implementations and UE capabilities as listed below:
a) Multiple Antenna panel
b) Multiple Antenna panel + AGC
c) Multiple Antenna panel + AGC + front-end, FE (time and frequency sync)
[bookmark: _Hlk111121094]Proposal 2: Clarify that the scope includes UE RF architectures where 4 layers may be supported by a single panel or by two or more panels in order to progress on the discussion on the separation between the AoA.
Observation 3: When a single panel supports 4 layers, even though the AoAs may have a small separation the simultaneous reception can be supported. When a single panel only supports 2 layers (and 2 panels are needed to simultaneously operate for 4 layer reception), the separation between the AoA needs to be such that they are directed towards two different UE panels.


	R4-2211882
	RF requirement for NR FR2 multi-Rx chain DL reception
	Apple
	Observation 1: For the multi-panel case with simultaneous reception, the panels may not have the same performance, where physical limitations and constraints, such as thermal noise effects, routing losses, and other design constraints, may restrict the scanning range and gain of each panel.
Observation 2: The scenario where a single panel is used to receive two AoAs should not be considered in this WI.
Proposal 1:The new RF requirements should be specified with the aim to minimize RF impact on legacy UEs/RF designs. 
Proposal 2: The new RF requirements should be defined in an implementation-agnostic manner and the associated testing should be specified in such a way that a UE is not required to disclose its implementation details such as the number of panels or how each panel performs.
Proposal 3: The range of two AoAs, which concerns the level of EIS of two AoAs and how much 2 AoAs can cover over the whole sphere, should be investigated.
Proposal 4: Open issues should be further investigated.

	R4-2211978
	On multi-RX chain
	Xiaomi
	Will be treated in [233]

	R4-2211993
	Requirements for FR2 simultaneous DL reception from different directions
	Samsung
	Observation 1:	polarization diversity is needed in FR2 receiver RF requirements. The MIMO mode performance with maximum layer can be covered by demodulation requirements
Observation 2:	spatial diversity mode could not characterize the new feature of the enhanced UE in receiver RF requirements. So the spatial multiplex mode instead of spatial diversity mode needs to be configured.
Proposal 1:	RAN4 to specify new dual AoA RF requirements for UE supporting simultaneousReceptionDiffTypeD-r16 with rank 2 configuration based on the assumption of “polarization diversity + spatial multiplex”.
Observation 3:	For new spherical coverage requirements based on dual AoAs, it is not implementable to measure all the permutation of direction pairs.
Proposal 2:	dual AoA spherical coverage is divided into two separate 3D scan per Reference Signal. Fix the AoA of one RS and perform 3D EIS scan for another RS; and then vice versa. For the direction of RS which is not being tested, its direction plays the role of anchor.
Proposal 3:	the N% value of each power class should not be changed. RAN4 further discuss the metric for dual AoAs spherical coverage with the 50% value for PC3, and requirement relaxation is expected compared with legacy spherical coverage requirement.
Observation 4:	spatial MIMO performance will be degraded when the two AoAs are close to each other.
Proposal 4:	a minimum angle can be considered to address the “different direction” condition in RF requirements for simultaneous DL reception from different directions

	R4-2212185
	Discussion on UE RF requirements for simultaneous DL reception with up to 4 layer MIMO
	LG Electronics
	[bookmark: _Hlk111121992]Proposal 1: Consider at least the activated Back to Back 2 panels to define RF requirements for enhanced FR2-1 UEs.
Proposal 2: Consider 1 layer as a baseline for enhanced FR2-1 UE RF Rx requirements.
Proposal 3: Consider diversity gain of ‘non-zero’ for REFSENS of enhanced FR2-1 UEs.
Proposal 4: For EIS spherical coverage, consider CDF based on all combinations of two different Rx directions.

	R4-2212332
	System assumptions for multi-Rx chain DL reception
	Qualcomm Incorporated
	Proposal 1: For this feature, the system assumes that the UE connects to 2 TRPs and can support polarization MIMO in DL with each.
Proposal 2: The UE uses Rel-16 IEs beamCorrespondenceSSB-based-r16 and beamCorrespondenceCSI-RS-based-r16 to convey to the network what QCL-D source signal it can support for the multi-chain Rx feature.  
Proposal 3: For this feature, if the network can provide a CSI-RS-based QCL-D source signal, it configures the 2-port type of the same from each TRP.
Proposal 4: The RF requirement on the UE assumes the following sequence of events:
1.	starting condition: basic connection between the UE and a single TRP
2.	network configures UE for joint reporting with other TRPs visible to the UE
3.	network requests CSF based on RS pairs reported by the UE with ‘joint reporting’
4.	network configures second active TCI state based on CSF
5.	network continues to provide resources to refine the UE beams for a 2-active TCI state condition
6.	(UE is ready to be evaluated)

Proposal 5: The single DCI scheme is adopted as a baseline for setting the UE RF requirement.

	R4-2212593
	Discussion on simultaneous multi-Rx chain DL reception
	Xiaomi
	Proposal 1: Each panel of the simultaneous multi-Rx chain reception should meet the legacy spherical coverage requirement for reception from a single direction.
Proposal 2: RAN4 considers specifying the EIS total spherical coverage requirement Z dBm for simultaneous multi-Rx chain reception @ N%-tile (N% = 50% for PC3), how to improve Z based on Y dBm is FFS.

	R4-2212806
	General analysis on Multi-Rx requirements
	vivo
	Observation 1: A typical UE implementation has to active the multi-panels for Rx beamforming for different QCL type D RS. 
Observation 2: Use one layer per AoA for RF test was proposed. 
Observation 3: Multi-panel design already used from Rel-15 with one panel active at a time, and unequal performances between panels are normal. 
Observation 4: There is no panel specific requirements or configuration in the core and testing spec from Rel-15. 
Observation 5: The design of 2AoA directions selection for multi-RX would have significant impact on the requirements and the feasibility.
Observation 6: Testing all 2AoA combinations is not possible, and some selection/simplification is needed.
Observation 7: 2AoA directions Option 1 (Full set AoA1 + samples of AoA2 for each AoA1) is unduly complex than the verification can support. 
Observation 8: 2AoA directions option 2 (One Fixed AoA1 (e.g. Peak) + Full set AoA2) have a number of merits and maybe the most simplified configuration.
Observation 9: 2AoA directions Option 2a (Multiple AoA1 + Full set AoA2) can improve the 2AoA selection coverage, but the test efforts would also increase proportionally.
Observations 10: Small angle differences between different AoA would cause extra interference. It is still not clear whether and how to consider it.
Observation 11: With the 2 EIS values for each AoA pair, performance metric can be either combined together or treat them separately.
Observation 12: How to treat EIS for 2AoA?	
	How to treat EIS for 2AoA?
	Pros
	Cons

	Combined 
	Better reflect overall performance.
	Not easy to do mapping with spherical coverage or reuse legacy requirements or concept.

	Separate
	May easier to do mapping with spherical coverage or reuse legacy requirements or concept.
	More difficult to reflect overall performance.




Proposal 1: The concept of panel should not be explicitly used in core requirements and test configurations. 
Proposal 2: Discuss the design of 2AoA configuration together with the requirements.
Proposal 3: For 2AoA directions, option 2(One Fixed AoA1 (e.g. Peak) + Full set AoA2) is proposed to be baseline, and option 3(Multiple AoA1 + Full set AoA2) can also be considered. Whether and how further exceptions, such as the cases of small angle difference, would be considered also need discussion.
Proposal 4: Two EIS values can be obtained for a combination of two AoAs, by means of fixing the power of one AoA and do measurements of another one.
Proposal 5: Further study how to define performance requirements for 2AoA case, and consider the case with interference during the process.

	R4-2213568
	Views on multi-Rx chain DL reception in FR2
	Sony, Ericsson
	Observation 1: the spherical coverage of simultaneous reception depends not only on the absolute direction of each AoA but also on the offset between the two AoAs.
Observation 2: There are two possible way of defining the spherical coverage of simultaneous reception from different directions: 1) The range of solid angle that the device can receive the the DL reception from any two different directions within it. 2) the spherical coverage of the second Rx chain while the first Rx chain is already in connected mode.
Observation 3: It is possible to verify the UE spherical coverage of simultaneous reception from two different directions by having one AoA fixed at beam peak direction and sweeping the other AoA. While how to ensure the AoA align with beam peak direction while UE is rotating need to be further studied.
Observation 4: It is also possible to verify the UE spherical coverage of simultaneous reception from two different directions by having a fixed offset between the two AoAs but swept both probes simoutanously. The value of the offset and the number of offset values need to be further studied for each power class. 
Observation 5: There is some similarity between the CDF of two AoAs reception and single AoA spherical coverage. However, further study is needed to investigate how to obtain the performance of two AoAs spherical coverage from the RF test. 
Proposal 1: RAN4 shall first clarify the scope of the spherical coverage requirements for devices with simultaneous reception from different directions.
Proposal 2: RAN4 shall focus on the scenario of single-layer reception for each DL direction with dual TCI configuration for the spherical coverage requirements for devices with simultaneous reception from different directions. 
Proposal 3: RAN4 shall first agree on the definition of spherical coverage with simultaneous reception from different directions in the core requirement.

	R4-2213737
	On UE RF requirement for FR2 multi-Rx chain DL reception
	Huawei, HiSilicon
	Observation 1: The assumption for current RAN4 RF requirements is single activated panel, but there is no specific limitation of the UE implementation, e.g. total panel number and layout.
Observation 2: The correlation between the following two factors is very strong: 
•	relative angular offset between 2 AoAs
•	definition of the spherical coverage requirement and the test method design
Proposal 1: All existing implementation shall be carefully considered when the general RF requirements will be defined for simultaneous DL reception with two different QCL Type-D RSs on single component carrier.  
Proposal 2: For simultaneous DL reception with two different QCL Type-D RSs on single component carrier,	the legacy spherical coverage requirement for reception from a single direction shall be kept. 
•	Demod requirements and test cases for 4 layer MIMO could be further considered.
Proposal 3: Send an LS to RAN1 for asking more background info at least about:
•	All necessary SLS assumptions to support m-TRP operation with up to 4 layers, like network topology, UE distribution and so on.
•	The valid range of angular offset between 2 AoAs so that obvious gain can be observed for enabling multi-panel simultaneous reception from different QCL Type-D RS.
Proposal 4: Taking the current 50%-tile EIS spherical coverage requirement (for PC3) for single band as the baseline, the new spherical coverage requirement shall be further discussed at least considering the following two factors:
•	angular offset between two AoAs
•	reception power imbalance of the DL signals between two AoAs
Proposal 5: Simulation is needed to discuss whether and how new spherical coverage requirement can be specified.
Proposal 6: The simplification of the new test method for 2 AoAs shall be further considered.



Open issues summary
LS to RAN1 on system assumptions (R4-2213737)
Proposal: Send an LS to RAN1 for asking more background info at least about:
· All necessary SLS assumptions to support m-TRP operation with up to 4 layers, like network topology, UE distribution and so on.
· The valid range of angular offset between 2 AoAs so that obvious gain can be observed for enabling multi-panel simultaneous reception from different QCL Type-D RS.  

	Company
	Comments

	Nokia
	As shown in R4-2213737 with 3 cases for discussing the Peak EIS and the spherical coverage, it is obvious that the optimum case for peak EIS and highest spherical coverage is just one of many, many cases so the LS may serve for clarification from RAN1, though it risks delaying the work of RAN4 for this release. Rel-16 like M-TRP PDSCH scheme, discussion is already closed in RAN1.

	Qualcomm
	We are open to this idea if we can generate a specific list of questions that are relevant to the objectives of the WI. The proposal above however seeks deployment details from RAN1, RAN4 is probably a more relevant source of that information. 

	vivo
	It is our understanding that RAN1 may not have information that pursued here, and it seems not that necessary for sending LS. 

	Apple
	We would like to have some discussion in RAN4 first to have a better idea of the requirement concept, i.e., what constitutes an appropriate requirement in RAN4 and what the requirement should look like. Once there is some common understanding, we can discuss what info is missing in RAN4 in order to define the requirement and should be supplied by other WGs. At this moment, the range of angular offset between 2 AoAs may be one piece of such info, depending on the discussion of the requirement concept.

	Sony
	We understand that those questions are for RAN4 to better understand what the actual deployment scenario is like for mTRP. However, We believe RAN4 can figure those questions out by ourselves based on the input from network vendors and operators, and we don’t see the necessity to send LS to RAN1.

	LG Electronics
	At this time, LS seems not be necessary. After discussing in RAN4 first, if there are some issues to be asked, then we can go LS.

	Verizon
	For 3 cases, RAN4 should be a more relevant information source. Some more discussions may be needed

	Huawei
	As commented by Nokia, the m-TRP WI has been discussed by RAN1 from Rel-16. It is understandable that performance gain would be derived with some conditions, and it is expected that some scenarios are preferred based on SLS simulation performed by RAN1. Though the deployment scenario can be discussed by RAN4 as well, however, we are not sure the observations by RAN4 could be exactly aligned with the study by RAN1 as some analysis methodology used by different WGs are different. We don't want to head into the discussion with blind directions, and put a lot of energy to consider some scenarios which could possibly be ruled out or filtered by RAN1. 
Additionally, for instance, AoA angular offset is directly related to the RF requirement derivation, test method design (and possibility on reducing the test burden). Since this feature has been fully discussed in RAN1, we think they must have reasonable precondition/assumption on the AoA angular offset, so that obvious gain could be observed and evaluated. We believe RAN4 has many precedents that enough inputs are provided before further discussion on RF requirements.
In conclusion, we think this LS should be sent out as soon as possible, and RAN4 could get feedback in time to facilitate more efficient discussion on RF requirements. The detailed content in the LS could be further discussed.

	Xiaomi
	We think RAN4 should first discuss the main application scenarios and related requirement concept, then decide whether need send LS to RAN1 for more information.

	Samsung
	RAN1 simulation assumption may not be very helpful for our RAN4 work on these aspects. LS could be sent when there is concrete questions when necessary rather than high level questions. e.g., angle separation perspective is a concrete question if RAN4 consider this issue needs RAN1’s input. Firstly RAN4 should struggle to work it out within the group.

	Nokia 
	We do not support sending LS to RAN1 for SLS assumptions in this meeting, more RAN4 discussion should be done first.

	Ericsson
	No need to send an LS to RAN1 at this stage. 



DL split between TRPs for 4L (R4-2211993, similar view in R4-2212332)
Proposal: (4L DL supported by) UE when it is scheduled multi-panel simultaneous reception from different QCL Type-D RS based on the assumption of “polarization diversity + spatial multiplex”.  (i.e., rank 2 from each of two directions)

	Company
	Comments

	Nokia
	We support this proposal with the clarification of rank 2 from two directions are received simultaneously.

	Qualcomm
	Support

	vivo
	Support this proposal.

	Apple
	We believe to support 4 layer MIMO in DL, we need to assume “polarization multiplex + spatial multiplex”. However, for the RF requirement, we agree that “polarization diversity + spatial multiplex” is reasonable.

	Sony
	It is not clear to us the relation between this issue and issue 2.2.6. If this proposal intends to define a general scope of the whole WI, then we are fine with it, and the 4L DL can possibly be tested with a demoudulation test.  However, for RF spherical coverage requirement, we think it is sufficient to verify with a single layer per direction. 
In addition, we share similar understanding as Apple that the “polarization multiplexing+spatial multiplexing” is 4L DL. For “polarization diversity + spatial multiplexing”, it is rank 1 per direction in our understanding.  

	LG Electronics
	Topic 2-2-2 is only for 4 Layer. 
In our understanding, ‘polarization diversity + spatial multiplex’ can support ‘2 Layer’. So, it is not aligned with this Topic.
According to WID, up to 4 Layer should be supported, such as, 1, 2 and 4 layer. 
As Sony mentioned, we need to discuss it with issue 2.2.6 together. 
FYI, our comments in issue 2.2.6 are captured.
[2.2.6 : LGE’ comment]
So far, UE RF requirements were specified based on 1 layer. It is for only single AoA.
For two AoAs, there can be different cases as follows.
· Case 1 : 1 layer reception for two DL directions (total 1 layer reception).
· Case 2 : 1 layer reception for each DL direction (total 2 layer reception)
· Case 3 : 2 layers reception for each DL direction  (total 4 layer reception)
Which case is baseline needs to be decided firstly. Preference is Case 1. 2 layer and 4 layer performance can be verified in demodulation part.

	Huawei
	We can accept the proposal in general.

	Xiaomi
	Similar understanding with Apple, to support 4L MIMO in DL, the assumption of “polarization multiplex + spatial multiplex” is needed, and it can be verified by demod. For RF requirements, I think both of “polarization diversity + spatial multiplex” and “polarization diversity + spatial diversity” for RF requirements are OK. Considering spatial diversity from multi-TRP will have the highly demand for synchronization and collaboration between different TRP, assuming  “polarization diversity + spatial multiplex” is better, how to verify it from the RF requirements need further discuss.

	Samsung
	Support the proposal.
The understanding is rank 1 per direction, in total it is rank 2 for both directions.
That is the Case 2 in LGE comments above.
To avoid misunderstanding, the wording in brackets maybe need to be reworded:
(i.e., rank 2 from each of two directions) (i.e., rank 1 for each direction and in total rank 2)

For the Case 1 in LGE comments, the problem is there is no much performance difference compared with R15 which was based on a panel switching mechanism, and such framework could not guarantee UE can satisfy 2 and/or 4 layers reception. e.g., a UE with one very good panel and another very bad panel, it could still pass the Case 1 requirements but it actually does not support 2AoA reception with good performance for both AoA.

	Ericsson
	The RF requirements like spherical coverage can be based on single-layer transmission per direction for a large test coverage (UE capability). 



DCI scheme used by network for 4L DL (R4-2212332)
Proposal: The single DCI scheme is adopted as a baseline for setting the UE RF requirement.  

	Company
	Comments

	Nokia
	In the WID, it is clear that “The case of single TCI is handled as a second priority”. Multi-TCI should be prioritized. Single DCI may unnecessarily restrict the deployment scenarios therefore multi-DCI should be baseline, while we acknowledge that single DCI should not be scoped out. 

	Qualcomm
	Multi-DCI treats the DL transmissions from each TRP as an independent transmission. This means the network can use FDM rather than SDM. The MCS adaptation is independent also. Because of the general nature of multi-DCI, the UE cannot presume 4x4 demod is feasible. This in turn means that L1/L2 will always be an interferer to L3/L4 and vice versa. So the envelope of AoA pairs where the UE can sustain DL from 2 TCI states will be greatly reduced for high MCS.

To Nokia: would you clarify why single TCI is relevant here, given that we are already focusing on 2-TCI state configuration?

	vivo
	Support using single DCI can server as a baseline configuration. Single TCI does not have to be considered.

	Apple
	We support using single DCI with multi-TCI. Multi-DCI involves difference cases such as completely overlapping resources, completely non-overlapping resources, or partially overlapping resources between the two PDSCH. From RAN4 RF requirement’s standpoint, such complexity is unnecessary. 

	Sony
	We support this proposal. Single DCI and dual TCI can be adopted as baseline scheme. 

	LG Electronics
	Support this proposal for only RF requirement setting. Because, we think that RRM specification can be impacted depending on single DCI or dual DCI. 

	Huawei
	We think single-DCI can be the baseline. Meanwhile multi-DCI doesn’t need to be precluded.

	Xiaomi
	Support this proposal, use single DCI as the baseline.

	Samsung
	We support the proposal. Single DCI is appropriate for RF requirements

	Nokia 
	It is clear that 2-TCI is the focus. The discussion is on single DCI or dual DCI as a baseline. Single DCI risks down-scoping the WI (the WID is not only limited to MIMO therefore non-collocated TRPs should be handled as well) and dual DCI is already supported in Rel-17.  
For 4L DL MIMO, we can agree to single DCI assumption. For other scenarios, dual DCI shall still be discussed.



Principle for determining UE requirements (R4-2211814, R4-2211882, R4-2213737)
Options:
1. RAN4 must consider in this work item how to specify the DL spherical coverage requirement of the FR2-1 multi-Rx chain UE to ensure satisfactory real-life performance of the FR2-1 multi-Rx chain UE for two AoAs simultaneous reception in terms of both spherical coverage percentage and sensitivity.
2. The new RF requirements should be specified with the aim to minimize RF impact on legacy UEs/RF designs.
3. All existing implementation shall be carefully considered when the general RF requirements will be defined for simultaneous DL reception with two different QCL Type-D RSs on single component carrier.  

	Company
	Comments

	Nokia
	We support option 1 to “ensure real-life performance” with the wording used in option 3: “carefully considered”.  
Regarding option 2, minimizing impact on legacy UEs should not limit the achievable performance of Rel-18 4-layer UEs.

	Qualcomm
	These proposals are subjective, but not sure how they would contribute to meaningful boundary conditions. 
Proposal 1 sounds reasonable, but can proponents define what specific parameters we should include in our analysis
Proposal 2: Can proponents clarify how ‘minimize RF impact’ should be quantified? 
Proposal 3: Can proponents clarify how the proposal can be reworded to streamline work?

	vivo
	All these options are reasonable, and it seems the final solution would be a somehow compromise. However, as Qualcomm commented, it is still not clear how to really transform those guidelines into specific parameters.

	Apple
	On Proposal 2, as discussed in our paper, UEs may have different architectures to support beamforming capabilities. Therefore, from UE hardware’s standpoint these legacy UEs should be also considered for the requirement definition. By “minimize RF impact”, we mean the requirement to be defined in RAN4 should aim to accommodate those implementations to the maximum extent possible. We also agree the requirement needs to ensure real-life performance of UEs supporting this feature, as mentioned in Proposal 1.
We also support proposal 3 that all existing implementations should be carefully considered or duly considered.

	Sony
	We don’t see the need to make an agreement here. Those are general principles that RAN4 should always follow when defining any requirements, e.g., the RAN4 requirement shall ensure the device's real-life performance and be implementation agonistic. 

	LG Electronics
	Support option 1. The wording ‘ensure real-life performance’ needs to be updated by proper wording or can be removed. 
For option 2, it is not clear that ‘RF impact’ means ‘legacy RF requirement’ or not. According to the current WID, the following is already included.
· The legacy spherical coverage requirement for reception from a single direction will be kept


	Verizon
	This work should align on the work item for how to specify the DL spherical coverage. Also,  we agree that other two options are important too for this work,

	Huawei
	In general all options are not conflict with each other. We support to capture the option 2 and option 3 as working assumptions of this WI since we think they are the principle for RF requirements discussion. Specifically, for existing implementations, multi-panels were already assumed in defining the RF requirements in previous release studies, though simultaneous reception is not supposed, but it doesn’t mean that these UEs cannot support simultaneous multi-panel reception from implementation perspective. The study in Rel-18 should not be considered targeting for brand-new UE implementations.

	Samsung
	These proposals as high level principles are reasonable, however they not very implementable. For agreement, more detailed aspects are needed.



UE architecture assumption
Clarify that the scope includes UE RF architectures where 4 layers may be supported by a single panel or by two or more panels in order to progress on the discussion on the separation between the AoA (R4-2211815)
Proposals (choose one of the options below): 
1. The concept of panel should not be explicitly used in core requirements and test configurations. (R4-2212806, similar view in R4-2211882)
2. Consider at least the activated Back to Back 2 panels to define RF requirements for enhanced FR2-1 UEs. (R4-212185, similar view in R4-2211815)
3. Different UE implementations/architectures should be accommodated. (R4-2211882)
4. Others.

	Company
	Comments

	Nokia
	We support 3.  
As highlighted in proposal 2 of [R4-2211882] there should be no limitation in the aspects of how the 4-layer operation is supported in the antenna design, as long as the scheme is followed. We find it limiting to assume back 2 back panels for testing, but rather that we acknowledge that the choice of antenna implementation and supporting RF architecture will impact the performance relative to the test scenario, and that needs to be considered in the architectural assumptions.

	Qualcomm
	Option 1

	vivo
	Option 1, this is a necessary for accommodation of various implementations, which is also aligned with option 2.
For option2, it might be used in the analysis as a starting point, but final requirements may still consider other possible architectures. 

	Apple
	We support proposal 1 and proposal 3.

	Sony
	As a general principle, we support option 1. From the RAN1 aspect, the panel is a virtual concept without constraining specific physical implementation. Therefore, we should not use the panel concept in the RAN4 spec to avoid potential conflict. However, when deriving the actual requirement, we may need to consider different UE implementations as suggested in option 3, but this is just business as usual in RAN4.

	LG Electronics
	Support Option 1 for specification of core requirements. 
To align the requirements, we need to assume baseline of panel placement. For it, preference is Option 2.

	Huawei
	We support Option 1 and Option 3.

	Xiaomi
	From the Spec perspective, the requirements should be implementation agnostic. But to align the requirement, the assumption of Antenna module/set number and location are needed, like the definition for R15 spherical coverage. 

	Samsung
	Support option 1 in core requirements and specification.
When discussing UE assumption, detailed panel implementation can be considered including Option 2 and 3.



Scope definition for UE RF requirements (R4-2213568)
Proposal: (for UE RF) RAN4 shall focus on the scenario of single-layer reception for each DL direction with dual TCI configuration for the spherical coverage requirements for devices with simultaneous reception from different directions 

	Company
	Comments

	Nokia
	This proposal would only support 2 layers DL MIMO where the scope of the WID is 4 layers DL MIMO. Therefore, we need at least dual-layer reception for each DL direction with dual TCI configuration.

	Qualcomm
	We support the proposal. Legacy UE RF requirements do not include one on rank 2 DL from single AoA, the proposal is an extension of that concept. 4L performance verification can be left to demod.

	vivo
	Support this proposal that for RF requirement, and this is also aligned with what RF has concentrated. 4 layer operation can be tested in demod.

	Apple
	We support the proposal.

	Sony
	We support this proposal as a proponent. High order DL (e.g., Rank 3 or 4) can be verified in demodulation tests. For RF, it is most important to examine the UE coverage on two RF chains/panels, and it is enough to test with one layer per direction.

	LG Electronics
	So far, UE RF requirements were specified based on 1 layer. It is for only single AoA.
For two AoAs, there can be different cases as follows.
· Case 1 : 1 layer reception for two DL directions (total 1 layer reception).
· Case 2 : 1 layer reception for each DL direction (total 2 layer reception)
· Case 3 : 2 layers reception for each DL direction  (total 4 layer reception)
Which case is baseline needs to be decided firstly. Preference is Case 1. 2 layer and 4 layer performance can be verified in demodulation part.

	Verizon
	We support this proposal.

	Huawei
	We support this proposal since it is proposed for RF requirement definition.

	Xiaomi
	Support it just for RF requirement, I think the meaning is the same with the assumption of  “polarization diversity + spatial multiplex” in 2.2.2.

	Samsung
	This issue is similar as issue 2-2-2. 
We support the proposal

	Nokia 
	We are ok with this proposal for UE RF requirements.



How the network/TE configures the UE for mTRP connection (R4-2212332)
The RF requirement on the UE assumes the following sequence of events:
1. starting condition: basic connection between the UE and a single TRP
2. network configures UE for joint reporting with other TRPs visible to the UE
3. network requests CSF based on RS pairs reported by the UE with ‘joint reporting’
4. network configures second active TCI state based on CSF
5. network continues to provide resources to refine the UE beams for a 2-active TCI state condition
6. (UE is ready to be evaluated).  


	Company
	Comments

	Nokia
	Detailed test procedure can be discussed after core/test requirements are decided.

	Qualcomm
	We are open to refining the list further.
The assumptions above are important because it has to be demonstrated that there is a way for the UE to refine its simultaneous 2TCI-state beams prior to verification of performance. This assumption will be needed to specify requirements. Without this type of understanding, the UE can only promise to use rough beams towards each TCI-state, with accompanying loss of spatial filtering.

	vivo
	Still not quite clear on the need and how detailed info would need to be specified.

	Apple
	In general, the sequence of events looks OK. Perhaps a comment on step 5. After step 4, the UE is likely engaged in receiving two AoAs already and BMRS (such as CSI-SSB) is being continuously transmitted. In step 5, does “provide resources” means BMRS resources? Also, how to use such resources is up to UE. Based on the clarification from QC, re-wording of step 5 is needed.

	Sony
	We appreciate the clarification of the procedure, which helps to understand how the actual mTRP configuration works. But do we need any specific agreement here? in our understanding, those procedure does not need to be specified in RAN4 spec.

	LG Electronics
	Same view with Nokia.

	Huawei
	We would like to ask about whether this procedure is proposed for test or requirement definition?
If it is targeting for the test, we think it is better to be postpone before clear conclusion for core requirements could be formed.
If not, we think such procedure is highly related to RAN1 previous study on mTRP, and RAN4 shall ask for RAN1 inputs in the LS. Because for instance the feasible deployment scenarios for gNB to configure mTRP operation has already been identified by RAN1, and RAN1 could further clarify other details like what we have been explained for Issue 2.2.1.In this way, we think it is necessary to ask RAN1 inputs on the procedure. 
Regarding the procedure itself, we also would like to better understand the purpose of “refine” in step 5. It is more like UE implementation rather than fundamental procedure.

	Xiaomi
	Prefer to discuss it later

	Samsung
	Thanks for the information provided and we also have the same question as Sony whether these procedures need to be specified in core RF requirements.

	Ericsson
	The test procedure should be decided later



How to determine candidate AoA pairs for setting the UE RF requirement
Multiple contributions have detailed considerations on the subject. For this discussion the following shorthand is used: AoA’N’ is AoA of RS ‘N’ (R4-2211993). For the direction of RS which is not being tested, its direction plays the role of anchor (R4-2211993).
Proposals (choose one of the options below): 
1. One Fixed AoA1 (e.g. Peak) + Full set AoA2. (R4-2212806, similar view in R4-2211993)
2. Multiple AoA1 + Full set AoA2 (R4-2212806)
3. Pending on the feedback from RAN1. (related to Issue 2.2.1)
4. Fixed offset between the two AoAs, both probes swept simultaneously (R4-2213568)

	Company
	Comments

	Nokia
	Support option 3, as discussed in issue 2.2.1 above.

	Qualcomm
	Option 2 seems the best compromise, and we note that option 1 is a subset of option 2. We are ok to develop option 4 further, like having multiple ‘fixed offsets’, but a single offset may not work for all future UEs.

	vivo
	Option1 or Option 2. 
For option 3, it is doubtful how RAN1 feedback may help. For option 4, fixed offset is problematic since no one typical value is reasonable. If multiple offsets considered, the test burden with both swept can still be unduly high.

	Apple
	We would like to have more discussions on the requirement concept before settling down on one or two options.

	Sony
	Obviously, we will not test all the possible AoA combinations, and thus, we have to select one of the options from 1,2, or 4. We are open to all solutions but we think we shall first study the feasibility of each test method. 
One concern on having one AoA fixed (option 1 and 2) is how we can ensure the AoA is fixed to UE orientation if the UE is rotating during the test. To our understanding, this is not always possible for all kinds of test equipment.
For option 4, it is possible to verify under two offset values for PC3, to mimic wide and small angel separation of TRPs, which only requires two sweepings. We think the test time of such a scheme would be similar at least comparing to option 2. 

	LG Electronics
	Even though not testing all the possible AoA pairs, core requirements need to be defined based on all the possible AoA pairs. 
And, CDF of the AoA pairs can be different depending on Case 1, 2 and 3 in our comment of issue 2.2.6.
We would like to add ‘proposal 5’ based on the R4-2212185.
Proposal 5 : Full set AoA1 + Full set AoA2 (R4-2212185)

	Huawei
	Option 3. We don’t think that all possible AoA pairs can provide necessary performance gain for multi-panel reception scenarios, especially for 4 layer MIMO. UE implementation should not be accommodated to those unrealistic scenarios with no gain for supporting the feature. Our preference is to wait for some inputs from RAN1.

	Samsung
	We support option 1.
Option 1 already brings double test efforts compared with legacy spherical coverage test. If going with option 2, the test efforts is not affordable, and actually is not so necessary.
About option 4, we think there are some issues.  For the Back to Back 2 panel implementations, the test could not be done with fixed offset between 2AoAs. Moreover,
How to set the direction of the fixed offset between the two AoAs (vertical, horizontal, or other directions) will cause different relative position between UE and the two AoAs.

	Rohde & Schwarz
	We need to consider also the testability aspect in the requirement definition otherwise the requirement may be untestable.
Option 4 could be a reasonable approach for testing, when measurement on both directions at the same time is required and can be realized in e.g. the RRM 2AoA system today. Here also different fixed offsets would be possible.
For sequential measurements as e.g. outlined by Samsung (find AoA1, fix and transfer to link/anchor, scan AoA2), Option 1 or Option 2 could be feasible as well. This may however require a specific test function that allows fixing one of the beams (similar to current UBF).
Additionally, more thinking is required how to actually measure the Refsens value when receiving multiple signal. Currently, both polarizations are measured sequentially and then summed, but it is not sure that this will work for multiRx since the UE shall receive two signals from two different directions.

	Ericsson
	It is not obvious how to test the proposed options 1-3 assuming a test with a rotating DUT and two probes – measure spherical coverage with different separations between the probes? Option 4 may be feasible.

	Lenovo
	We agree with LG and support of Proposal 5.  Requirement should be defined in terms of all possible AOA pairs even if all pairs cannot be tested.  If requirement is not defined in terms of all possible pairs of directions, then some orientation of the device relative to the TRP’s must be assumed when defining requirements.




Discussion on how to treat test condition with small separation between AoAs
Multiple contributions have detailed considerations on the subject. There are no clear proposals, so below is intended as open-ended discussion to determine common views if any. Some considerations to trigger discussion (add others as needed):
1. What conditions define ‘AoA’ separation as too small?
2. Would the ‘too-small’ criterion be a function of DL MCS?
3. (others) 
	Company
	Comments

	Nokia
	Detailed test condition can be discussed after core/test requirements are decided.

	Qualcomm
	In our view common understanding of UE behavior in these conditions is necessary for requirement specification. It cannot wait until requirements are decided.

In our view, too small could be tied to a throughput degradation of some kind. This in turn depends on whether the UE can perform 4x4 demod or if L1/L2 and L3/L4 are mutual interferers. 

	vivo
	Basically “small” AoA is not that likely to be used for spatial multiplexing, and do have some inconsistency with the tentative configurations. However, for RF test, it is still not clear whether “small” AoA should be precluded, as this may introduce a lot more discussion. Maybe accept some performance degradation is also a possible way forward.

	Apple
	When the two AoAs are too close, it is expected either the UE cannot support two AoAs at all, i.e., PDSCH becomes undetectable because of large interference (the signals from the two AoAs are interference to each other because of the lack of spatial separation), or there is significant SNR degradation leading to lower MCS. We can further discuss this.

	Sony
	This depends on the outcome of 2.2.8. If we select option 4 (fixed offset between two probes) in 2.2.8, we can avoid such an issue by choosing a proper offset. 
However, if we go with the option that one AoA is fixed, we wonder if this must be treated? Even for single EIS spherical coverage, there are blind areas where the UE has very low performances, which in our view, is no different from the issue we are talking about here.

	LG Electronics
	According to WID, layer 1, layer 2 and layer 4 are included. So, it is possible to receive the signals with small AoA with one panel for some case. The case should be considered.  


	Huawei
	If this is for the test, we suggest to postpone the discussion before we can have some conclusion on core requirement.
As the proposal itself, we think that is quite relevant to the AoA angular offset lower threshold for qualified simultaneous reception performance by 2 panels. 

	Samsung
	First of all, the WID says to define requirements for “different direction”, when the two direction are two close, spatial isolation is not guaranteed and we consider it is not the expected scenario for this WI. 
For RF requirements, it also related with measurement grid. Spherical coverage measurement grid in constant step size is 15deg, but in polar region the solid angle is much smaller than 15deg. In case of constant density grid, the solid angle between two adjacent test points is almost the same. At least we need to make sure in spherical coverage test, the angle separation between 2AoA will not impact the performance.

	Rohde & Schwarz
	Are there any baseline assumptions for the angular separation of the TRPs in the real network? 
Since the concept of multiRx relies on spatial separation, there should be some minimum spatial separation which is required. So defining requirements below that limit makes no sense. Also we need to take into account that the requirement needs to be testable.

	Lenovo
	It should be possible to receive two AOA’s with one panel.  Otherwise it is not clear how 50% can be met.  Consider two panels each covering orthogonal hemispheres.  If it is not possible to receive two AOA’s from one panel, then receiving from two AOA’s is only possible if one AOA is in the first hemisphere covered by the first panel and the second AOA is in the second hemisphere covered by the second panel.  The probability of this occurring is ½  -- at least this is our understanding.



Companies views’ collection for 1st round 
Open issues 

CRs/TPs comments collection
N/A
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.
	Topic
	Description
	Status summary 

	2.2.1
	LS to RAN1 on system assumptions
	9 against, 1 for sending LS
Some views in the ‘against’ camp were:
· need a specific list of questions
· wait for requirement concept to take shape
· let RAN4 take a crack at the problem first
The ‘for’ camp view is:
· not sure the observations by RAN4 could be exactly aligned with the study by RAN1
Recommendations for 2nd round: Discussion can pause for the rest of the meeting. 
Further discussion can be resumed after developing requirement concept

	2.2.2
	DL split between TRPs for 4L (general deployment assumption, not aimed at UE RF assumption)
	Potential WF: 
To support 4L DL MIMO reception at the UE when configured with 2 active TCI states, polarization multiplex (2 layers/direction) + spatial multiplex (2 directions) is assumed at the UE.
Recommendations for 2nd round: Confirm above in WF

	2.2.3
	DCI scheme used by network for 4L DL
	Potential WF:
For UE RF requirements when configured with 2 active TCI states, single DCI scheme is assumed for the network.
Recommendations for 2nd round: Confirm above in WF

	2.2.4
	Principle for determining UE requirements
	General sentiment is that the principles were agreeable and are ok to be followed subjectively. Majority view was that they were ‘not implementable’ as agreements that narrow scope of work.
Recommendations for 2nd round: Discuss if wording refinement can yield actionable agreement.

	2.2.5
	UE architecture assumption
	Potential WF:
The concept of panel should not be explicitly used in core requirements and test configurations
Recommendations for 2nd round: Confirm above in WF
There was also scattered support for ‘Different UE implementations/architectures should be accommodated’ and ‘Consider at least the activated Back to Back 2 panels to define RF requirements
Recommendations for 2nd round: Discuss if wording refinement can yield actionable agreement.

	2.2.6
	Scope definition for UE RF requirements
	One company preferred 1L reception from 2 AoA as UE RF, while majority prefer 1L per AoA as an extension of legacy requirements. 
Another company preferred RF requirements for 4L DL
Potential WF along majority view: 
UE RF requirements for this feature shall be based on single-layer reception for each DL direction with dual TCI configuration.
Recommendations for 2nd round: Align company views 

	2.2.7
	How the network/TE configures the UE for mTRP connection
	General sentiment was there was nothing to capture as actionable agreement.
Recommendations for 2nd round: Discuss if wording refinement can yield actionable agreement.

	2.2.8
	How to determine candidate AoA pairs for setting the UE RF requirement
	There was no majority view, and further discussion is needed
Recommendations for 2nd round: Continue discussion in WF, discussion will be recorded here if no agreement

	2.2.9
	How to treat test condition with small separation between AoAs
	There was good discussion
Recommendations for 2nd round: Discussion can pause for the rest of the meeting. 
Further discussion can resume while developing requirement concept




CRs/TPs
N/A

Discussion on 2nd round (if applicable)



Recorded in WF discussion: (section numbers are from WF)

0. System assumptions 
 General deployment assumption for DL split between TRPs to enable 4L reception
· Proposal: To support 4L DL MIMO reception at the UE when configured with 2 active TCI states, polarization multiplex (2 layers/direction) + spatial multiplex (2 directions) is assumed at the UE.
· Note: This proposal is for general deployment assumption to enable 4L reception, not aimed at UE RF assumption
	Company
	Agree/Disagree, include justification

	Huawei
	Agree with the proposal and the Note.

	Nokia
	OK with proposal.

	Apple
	Agree.

	Qualcomm
	Agree

	Verizon
	Ok with this proposal!

	LGE
	Fine with Proposal. For Note, we would like to add ‘to enable 4L reception’ for clarification.
Note: This proposal is for general deployment assumption to enable 4L reception , not aimed at UE RF assumption

	Xiaomi
	support this proposal

	Samsung
	Agree with the proposal with note. Support LGE’s revision to the note.

	vivo
	Agree

	OPPO
	Agree with the proposal and the note.

	Moderator
	The note has been updated according to LGE’s revision. 

	ZTE
	Agree.



Agreement:
· Proposal: To support 4L DL MIMO reception at the UE when configured with 2 active TCI states, polarization multiplex (2 layers/direction) + spatial multiplex (2 directions) is assumed at the UE.
· Note: This proposal is for general deployment assumption, not aimed at UE RF assumption

Scope definition for UE RF requirements
Agreement:
· Proposal: UE RF requirements for simultaneous reception from different directions shall be based on single-layer reception for each DL direction with dual TCI configuration, i.e., total 2 layers for both directions.
	Company
	Agree/Disagree, include justification

	Huawei
	Agree.

	Nokia
	OK with proposal.

	Apple
	Agree.

	Qualcomm
	Agree

	Verizon
	Ok with this proposal!

	LGE
	According to WID, RF requirements need to be specified considering up to 4 Layer. So, we would like to know whether the RF requirements are dependent of the number of Layer or not.

	Xiaomi
	agree

	Samsung
	Okay with the proposal in general, but it seems further wording refinement is needed to avoid ambiguity. Current wording is ambiguous on the total layer(s). We suggest the following refinement:
UE RF requirements for this feature simultaneous reception from different directions shall be based on single-layer reception for each DL direction with dual TCI configuration and total 2 layers for both directions.

	vivo
	OK with moderator’s proposal. Samsung’s further refinement is also ok but the last part “and total…” seems not necessary.

	OPPO
	Agree with the proposal and to clarify the wording, we suggest further refinement based on Samsung’s version:
UE RF requirements for this feature simultaneous reception from different directions shall be based on single-layer reception for each DL direction with dual TCI configuration, i.e. total 2 layers for both directions.

	Moderator
	The proposal has been further revised according to Samsung and OPPO’s revision. Since the concern from Samsung is to clarify the total number of layer, the moderator suggest to keep the last part of the revision. 

	ZTE
	Ok with the proposal, a minor change could be:
UE RF requirements for this feature shall be based on single-layer reception for each DL direction with and dual TCI configuration,…


DCI scheme when UE is configured for 2 active TCI states for UE RF requirements
Agreement:
· Proposal: For setting the UE RF requirement when the UE is configured with 2 active TCI states, single DCI scheme isadopted as a baseline..
	Company
	Agree/Disagree, include justification

	Huawei
	We are OK with the original proposal (for issue 2.2.3 in the summary), which is seems to be accepted by majority as “The single DCI scheme is adopted as a baseline for setting the UE RF requirement”. Besides, optional UE capability has been specified for single-DCI and dual-DCI, respectively. We don’t see the necessity to preclude dual-DCI.

	Nokia
	OK with proposal for UE RF requirements, dual-DCI should be considered for UE RRM requirements.

	Apple
	Agree.

	Qualcomm
	Agree

	Moderator
	The proposal is updated according to the comments from Huawei. 

	Verizon
	Ok with Huawei proposal!

	LGE
	OK with the update from Moderator

	Xiaomi
	agree the updated proposal.

	Samsung
	Agree with the moderator update.

	vivo
	Agree with the latest proposal.

	OPPO
	Agree with the updated proposal.

	ZTE
	Ok with the updated proposal.



UE assumptions 
UE architecture assumption
Discussions:
Lenovo: we understand there is a lot of reluctance to refer to. It would be beneficial to extract the information from single panel. We would like to leave it open for now.
Verizon: We suggest leaving it FFS. Otherwise, we may miss the important feature in Rel-15 and Rel-18. We need better understand the difference.
Apple: Back in Rel-15 when we specify the requirement, we do not mention the panel. In the testing I am not sure. The bottom line panel concept was not well defined. If we introduced the concept, we would need the good definition to ensure no ambiguity. To Lenovo, if you think one panel can receive two AoA, then one panel can be considered as two panels.
Vivo: we have same understanding as Apple. Even if it is named as mult-Rx chains in RAN1, we do not have common understanding on the panel. It is difficult to define the test.
Samsung: agree with Apple and Vivo. Panel is not official definition in 3GPP. In the initial stage for approval of WI, we call it panel but after WID is approved, we correct the terminology. We do not need use nick name in the spec.
Sony: we also agree with Apple, vivo and Samsung. In RAN1 discussion panel is virtual. We can add one sentence to say that the revisit is allowed if issue identified.

Agreement: 
· FFS whether the concept of panel should not be explicitly used in core requirements and test configurations.
· FFS whether the single panel should be excluded.

· Proposal: The concept of panel should not be explicitly used in core requirements and test configurations
	Company
	Agree/Disagree, include justification

	Huawei
	Agree.

	Nokia 
	OK with proposal, FFS what will be the appropriate wording.

	Apple
	Agree.

	Qualcomm
	Agree

	Verizon
	We prefer FFS for this and RAN4 may need more study before an agreement. 
Difference from Rel-15 with one panel active at a time, in Rel-18 the concept for how the UE can active the multi-panels in simultaneous reception beamforming is needed.

	LGE
	Agree

	Xiaomi
	Agree

	Samsung
	Agree

	Lenovo
	We prefer FFS for this meeting. Given that it will not be possible to test even a significant fraction of all AOA pairs, single probe per-panel EIS measurements could be beneficial in estimating joint coverage region (may also require number of Rx chains per panel). Some fraction of identified region could be verified with multi-probe measurements.

	vivo
	Agree. 
Panels are highly implementation specific, and using this in the requirements would have not only testability issue, but also may bring many other problems.

	OPPO
	Agree

	Moderator
	Considering the majority would like to support the proposal, we can further discuss in the GTW if this can be agreeable.  

	ZTE
	Agree.


Discussions:
Apple: Try to understand the sub-bullet. What does it mean?
Sony: we never assume the single panel can have two beams simultaneously. 
Apple: can we merge this issue with the previous issue.
Intel: agree that two issues are related. If we capture and list the assumption and what exactly the UE implementation is, it would be helpful.
Huawei: Some specific implementation should be proposed. This proposal is not needed.
Nokia: We do not consider the single panel in this case. But this is to try to see whether we can preclude the single case to receive two direction and four layers.
Samsung: Single panel should not be explicitly precluded. Here we discuss the scenario. We do not think it is necessary to explicitly mention single panel here.
Apple: since we do not have agreement for previous issue, we should do something. I doubt if we have clear definition of single mmWave module. Without clear definition, how can we address the issue in future meeting? Panel could have multiple sub-panels. Do not know how to address the definition.

· Proposal: FFS UE implementations to set the RF requirements, with consideration (but not limited to) the following aspects:
·  FFS if single mmWave module can receive all 4 layer.
	Company
	Agree/Disagree, include justification

	Huawei
	Agree.

	Nokia 
	OK with proposal, though it should be kept in mind that reference UE implementation may also serve as a basis for RRM requirements. The discussion should focus on whether both TCI will be received on the same mmWave module, i.e. can single mmWave module receive all 4 layers? 

	Apple
	As we advocated, different UE implementation should be accommodated by the new requirement. To this end, we’d like to understand from the proponents what kind of reference UE implementation RAN4 should be discussing. Any more details are appreciated.

	Qualcomm
	Agree

	Moderator
	The moderator thinks company can bring detailed panel/antenna implementation assumptions in the next meeting with consideration of the comments and proposals that have been discussed in this meeting. For now, we may not need more detailed proposals. 

	LGE
	Agree

	Xiaomi
	Agree

	Samsung
	We share similiar concern as Apple. Does the “reference” UE implementation means a specific implementation? if so we would like to to remove the word “reference”.The requirements should accommodate different UE implementation.

	Huawei
	Agree with the proposal change from Samsung, i.e. remove “reference”.

	vivo
	OK

	OPPO
	Agree. 

	Moderator
	The “reference” is removed according to comments. In addition, a more detail issue is listed for FFS to provide some guidance on the issue that RAN4 can focus next meeting.

	ZTE
	Ok with the update.


Principle for determining UE requirements
· Proponents are encouraged to suggest wording for agreeable proposals based on the input below:
· RAN4 must consider in this work item how to specify the DL spherical coverage requirement of the FR2-1 multi-Rx chain UE to ensure satisfactory real-life performance of the FR2-1 multi-Rx chain UE for two AoAs simultaneous reception in terms of both spherical coverage percentage and sensitivity.
· The new RF requirements should be specified with the aim to minimize RF impact on legacy UEs/RF designs.
· All existing implementation shall be carefully considered when the general RF requirements will be defined for simultaneous DL reception with two different QCL Type-D RSs on single component carrier.  

Based on the discussion in the WF issue 2.2.2 so far (CET 22:30 08-23), the following options are proposed:

Option1 (Huawei): 
Agree on the following principles for the derivation of the RF requirement for two AoAs simultaneous reception in FR2-1:
· Both spherical coverage percentage and sensitivity shall be ensured.
· The new RF requirements should be specified with the aim to minimize RF impact on legacy UEs/RF designs.
·  All existing implementation shall be carefully considered.
Option2 (Apple): 
The new EIS spherical requirement should be set in an implementation-agnostic manner and ensure real-life performance of FR2-1 multi-Rx chain UE for two AoAs simultaneous reception

Option 3: No need to capture this in the WF. 

Discussions:
Apple: when we discuss the principle, many companies think we do not need specific proposal to capture the principle. The high level understanding is OK. If this is the business as usual to consider performance…in the study and it is the common understanding we are OK not to capture any concrete proposal..
Nokia: it is related to previous discussion. We worry the requirement will be unnecessarily relaxed. We suggest to exclude this from consideration for requirements. We should not consider the single panel to define the too relaxed requirement.
Huawei: we would like to discuss between option 1 and 2. It is no harm to discuss the principle before discussing the RF requirement definition. We can try option 2 adding “all existing implementation shall be carefully considered”. 
Qualcomm: as Apple comment, it is significant enhancement to UE capability. We need jointly discuss the requirement on what is the mean to UE. What is the business usual, we just balance the requests from companies. It is pre-mature until we discuss the requirements and how to impact UE.
Samsung: Generally the input is reasonable from some sense. It is not implementable for the feasibility perspective. For UE detailed assumption, it is better to reuse the existing hardware. For this new feature, we are not sure if the existing hardware can work well.
Intel: we aims to consider all the implementation as much as possible. We try to align some assumptions. 
Vivo: we also think it is better to discuss the detailed requirements and we can have clear attitude for compromise solution. Implementation agnostic is reasonable one.
Nokia: we do not mind implementation agnostic. Is there any objection to precluded single panel? If we can preclude single panel, we are OK with implementation agnostic.
Sony: we have similar concern as Qualcomm especially it is optional feature in previous release. Companies can come up with specific proposal for implementation.
Qualcomm: to Nokia, we understand the intend of your proposal. But there are many UE like CPE and FWA, which will be beneficial from this feature and they are single panel.
Intel: similar comment. There are other power classes. We can discuss all the parameters.
Samsung: to Nokia, about the agnostic manner, it does not mean the UE requirement is based on single panel. If the single panel can meet the requirement, it is still allowed.
Verizon: Nokia had point. We care about the requirement without any relaxation. To Qualcomm, for CPE and FWA, we have different spherical coverage, We understand Qualcomm comment. We need understanding what is the general picture and what is the general requirements.
Apple: since anyway we will discuss the implementation in future meetings, it is OK to take option3.
Ericsson: Won’t it make sense to have assumption on the architecture for individual power class? We should make sure it will present the improvement. We will be able to set requirement for improvement.
Intel: to Ericsson, it makes sense. This is what we have done previously.

Agreement:
Proposal: Option 3. No need to capture this in the WF. The section (2.2.2) will be removed in the final WF but discussion will be captured in the 2nd round email discussion. 


	Company
	Agree/Disagree, include justification

	Huawei
	We think in general the three listed proposals are complementary but not contradictory. Thus we could try the following combination:
· Proposal-rev: Agree on the following principles for the derivation of the RF requirement for two AoAs simultaneous reception in FR2-1:
· Both spherical coverage percentage and sensitivity shall be ensured.
· The new RF requirements should be specified with the aim to minimize RF impact on legacy UEs/RF designs.
· All existing implementation shall be carefully considered.

	Nokia
	OK with the three proposals.

	Apple
	In the first round, most companies supported all three principles at a high level. There were also comments that this is business as usual in RAN4, i.e., requirements are set to ensure real-life performance and to be implementation agnostic. Therefore, can we agree to the following wording in the WF:
“The new EIS spherical requirement should be set in an implementation-agnostic manner and ensure real-life performance of FR2-1 multi-Rx chain UE for two AoAs simultaneous reception”
We are OK to use the proposal from Huawei.  

	Qualcomm
	
While generally agreeable, we do not find it necessary to capture as a WF. What would constitute ‘real-life performance’? How do we consider ‘all existing implementations’?

We think it is better to revisit the specifics in future meetings when we delve deeper into UE implementation assumptions and the requirement concept.



	Moderator
	The moderator would like to further check with companies if it is necessary to capture the relevant proposals in the WF? If so, which version of proposal is feasible to be captured? 

	LGE
	Same view with QC. 

	Xiaomi
	Option 3

	Samsung
	We agree with QC comments about‘real-life performance’and ‘all existing implementations’, we could agree “The new EIS spherical requirement should be set in an implementation-agnostic manner” in current stage, if it is not agreeable, maybe we have to go with option 3.

	vivo
	Option 3. These points are somewhat too general and also contentious, so not that suitable for agreements.

	OPPO
	We support Qualcomm’s comments and option 3 is preferred.

	Moderator
	Considering multiple companies think this is still not feasible to be captured. The moderator would suggest going with option 3. 

	ZTE
	Ok going with Option 3 at this stage.



Test setups 
How the network/TE configures the UE for mTRP connection
Background: The following sequence was originally proposed to establish common understanding that the UE is able to refine its Rx beams that can coexist towards each TRP after it is configured for 2 active TCI states.
1. starting condition: basic connection between the UE and a single TRP
1. network configures UE for joint reporting with other TRPs visible to the UE
1. network requests CSF based on RS pairs reported by the UE with ‘joint reporting’
1. network configures second active TCI state based on CSF
1. network continues to provide resources to refine the UE beams for a 2-active TCI state condition in the form of continuously transmitted BMRS (such as CSI-RS or SSB)
1. (UE is ready to be evaluated).  
Discussion:
Huawei: have concern on FFS for beam refinement at this stage.
Apple: why do we need to have this proposal? UE will use fine beam to receive.
Samsung:  according to the work plan, for the first meetings we should focus on the assumptions. For this issue, we had good background information is valuable. But the details are not ready for agreement now. For the related beam refinement, it is not critical issue and it is like previous release.
Sony: the intention is to create the common understanding how to refine the beam. We are fine to remove it from way forward and capture the information in the summary.
Qualcomm: we want to avoid only rough beam available in the end. 
Agreement:
· Remove 2.3.1 and proposal from the way forward and capture the background information in the summary.
· Proposal:  FFS beam refinement by the UE when configured with 2 active TCI states’
	Company
	Agree/Disagree, include justification

	Huawei
	We are OK with the above “Background” description since it could be a possible framework for the test under m-TRP connection. But judging from the first round discussion, we share similar feeling that there is no need for further actionable agreement.

	Nokia 
	It is premature to already agree on the refinement scheme used by the UE. This can be FFS.

	Apple
	While the sequence is helpful to align the understanding in RAN4, we do not think we need to capture any specific point in the WF such as the proposal. Furthermore, wording like “refine” and “optimize” are hard to quantify. We are open to further discussions.

	Qualcomm
	We are ok to capture something more generic like ‘FFS beam refinement by the UE when configured with 2 active TCI states’

	Moderator
	Based on the comments so far, the proposal is updated according to Qualcomm’s revision

	Xiaomi
	We are Ok with the updated proposal

	Huawei
	The beam refinement towards 2 active TCI states has not been specifically discussed yet. We think the proposal could be further refined in a more general way as:
Proposal-rev: The following sequence could be a starting point for study on how the network/TE configures the UE for mTRP connection. FFS on the details of this procedure and other aspects that could be related to the mTRP connection establishment:
1. starting condition: basic connection between the UE and a single TRP
1. network configures UE for joint reporting with other TRPs visible to the UE
1. network requests CSF based on RS pairs reported by the UE with ‘joint reporting’
1. network configures second active TCI state based on CSF
1. network continues to provide resources to refine the UE beams for a 2-active TCI state condition in the form of continuously transmitted BMRS (such as CSI-RS or SSB)
(UE is ready to be evaluated).

	vivo
	OK with updated moderator’s proposal.


	OPPO
	Agree with the updated proposal.

	Moderator
	The background is just for information. If companies have concern on the wording, the moderator can remove the background information from the final WF but capture them in the email discussion. The final WF can only contain the proposal. 



How to determine candidate AoA pairs for setting the UE RF requirement

Agreement:
· Further discuss on the on the candidate AoA pairs for setting the UE RF requirement
· One Fixed AoA1 (e.g. Peak) + Full set AoA2. 
· Multiple AoA1 + Full set AoA2. 
· Fixed offset between the two AoAs, both probes swept simultaneously.
· Full set AoA1 + Full set AoA2
Other solutions are not precluded. Companies are also encouraged to bring the analysis on how to quantify the Refsens value when receiving multiple signals.
	Company
	Agree/Disagree, include justification

	Huawei
	We are fine with above proposal.

	Nokia 
	The 1st option is the best compromise in our view.
The 2nd option leads to very large test time. We could see it reasonable with two AoA1.
The 3rd option might delay the work because of the choice of offset between the two AoAs. One alternative might be to choose two offsets (narrow and wide) which is then equivalent to the 2nd option 
The 4th option leads to very large test time.

	Apple
	We can discuss further at the next meeting. Perhaps the agreement we can reach at this meeting is to remove “Full set AoA1 + Full set AoA2” from further consideration because it is unrealistic and incurs excessively high testing burden.

	Qualcomm
	We agree with the test burden aspect of proposal 4, but it may be useful to understand the relation between the results from an N2 search, versus a k*N search (option 2) during the study phase. This may help with validating or identifying ‘real life performance’ concerns.

	Moderator
	To moderator’s understanding, though full set AoA1 + full set AoA2 may be unrealistic from test aspect, it could still be one possible way to derive/set the RF requirement. Therefore, the moderator suggests keeping the option considering this is the first meeting.  

	LGE
	Support proposal with all candidates. For Core requirements, we need to consider all candidates at first. If the difference is not found, then we can remove some candidates.

	Samsung
	We agree with Nokia that the 1st option is the best compromise.
For the 3rd option, as we commented, it is not feasible for back-to-back 2-panel UE implementation. 
For the 4th option, it is not affordable. Note that verification test will follow core requirements. We don’t think it reasonable to define requirement with full set pairs while the test only cover few of them regarding spherical coverage test case.

	Lenovo
	Support proposal with all candidates for now. How can a measurement method be selected before spherical coverage for two directions is defined? What is the formal definition? For proposal 1, the measurement result will be highly dependent on selection of AOA1. If AOA1 is selected as peak EIRP, then measurement is already conditioned on AOA1 being in coverage (which is a biased result). Conversely, if AOA1 is selected as direction which does not meet some minimal requirement for EIS, then joint reception will fail regardless of the value of AOA2 that is selected (also biased).

	Vivo
	Option 1 is currently our first preference.
Option 4 might be useful for some theoretical analysis, since it is the most complete set of all possibilities. However, it is basically impossible to be really used. Since the requirements are closely related to verification framework including this AoA pair, it is questionable to consider this option in the requirements.

	OPPO
	Support all the options as candidates and down-selection can be done based on further study/discussion.

	Moderator
	Considering the different views have been brought up so far, and this is the first meeting, The moderator still suggests to keep all options.
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