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1 Work Plan
1.1 Proposal: Revised work plan for UE RF:
	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.


2 UE RF
2.1 System assumptions 

2.1.1  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. 


2.1.2 Scope definition for UE RF requirements
· 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. 


2.1.3 DCI scheme when UE is configured for 2 active TCI states for UE RF requirements
· 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.


2.2 UE assumptions 

2.2.1 UE architecture assumption

· 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.  


· 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.


2.2.2 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. 
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. 


2.3 Test setups 

2.3.1 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

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 in the form of continuously transmitted BMRS (such as CSI-RS or SSB)
6. (UE is ready to be evaluated).  
· 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

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 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. 


2.3.2 How to determine candidate AoA pairs for setting the UE RF requirement
· Proposal: 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.


