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Introduction
This email thread treats the following topic:
· System parameter assumption and UE architecture (5.8.2.1)
On UE behavior assumptions, as contributions belonging to email thread [106bis-e][129] FR2_multiRx_UERF_part1 or [106bis-e][130] FR2_multiRx_UERF_part2 contain proposals, moderator has coordinated with moderator of thread [106bis-e][129] FR2_multiRx_UERF_part1 to treat all relevant proposals in this thread. 
It is appreciated that the delegates for this topic put their contact information in the table below.
Contact information
	Company
	Name
	Email address

	Murata
	Hidefumi Ohira
	hidefumi.ohira@murata.com

	vivo
	Hao DU
	Duhao.txyjy@vivo.com

	Huawei
	Gao Xiang
	gaoxiang74@huawei.com

	ZTE
	Wei Lin
	lin.wei125@zte.com.cn

	Nokia
	Yi Tan
	Tan.yi@nokia.com

	Apple
	Steven Chen
	steven.x.chen AT apple.com

	Xiaomi
	Zhang Juan
	zhangjuan8@xiaomi.com

	Ericsson
	Christian Bergljung
	Christian.Bergljung@ericsson.com

	OPPO
	Qifei Liu
	liuqifei@oppo.com



Note:
1) Please add your contact information in above table once you make comments on this email thread. 
2) If multiple delegates from the same company make comments on single email thread, please add you name as suffix after company name when make comments i.e. Company A (XX, XX)
Topic #1: System parameter assumption, UE architecture and conditions of UE RF requirements
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2304120
	Nokia, Nokia Shanghai Bell
	Observation 1: Single fixed AoA offset will not cover all the relevant practical use cases.
Observation 2: It was agreed in RAN4#105 meeting that the scenario where a single antenna module is used to receive 2 AoAs simultaneously should not be excluded.
Observation 3: Module-splitting will be required to receive data-streams on 2 different AoAs particularly in the small AoA offset scenario (e.g.,  or ).
Observation 4: The definition of antenna panel is already agreed in R4-2220533 which states that: 
‘Panel’ is defined as a group of antenna element that controls beam independently and has the following attributes 
· Within a panel, one beam can be selected and used for DL reception.
· Across different panels, multiple beams (each selected per panel) may be used for DL reception.
· ‘Beam’ is assumed to mean spatial filter associated with reception.
Observation 5: The interference from the TRP2 signals arriving from the AoA2 direction becomes significant when the angular separation between AoA1 and AoA2 is small.
Observation 6: The SIR values corresponding to the 50th percentile of the CCDF curves of Figure 7 is shown in Table 3.
	Beam Index (Array 2/Array 3)
	SIR at 50-percentile of CCDF (dB)

	Beam 7
	10

	Beam 6
	17

	Beam 5
	21

	Beam 4
	24

	Beam 3
	24

	Beam 2
	26

	Beam 1
	26


Table 3: SIR at 50-percentile of CCDF of Figure 7
Proposal 1: Consider multiple fixed AoA offset values for defining the core requirements.
Proposal 2: To ensure that spherical coverage is met for the scenario when only one AoA link is active, select Option 1.
Proposal 3: Agree to the following proposals for 2 TRP UE behavior assumptions:
1. Option 1 for module selection. However, the use of maximum RSRP or maximum SINR for module selection is FFS. 
2. Option 1 for beam selection. However, the use of maximum RSRP or maximum SINR for beam selection is FFS.
3. Option 2 for module-splitting leaving it to UE implementation.
Proposal 4:  Change ‘module selection’ concept in 2 TRP UE behavior assumptions to the concept of ‘panel selection’ as proposed below:
	2TRP UE behavior assumptions
· Proposal on module panel selection
· Option 1: UE assigns ‘first’ module panel to track TRP that yields highest RSRP among all combinations of modules and TRPs. The subsequent module panel is assigned to track the other TRP.
· SINR maximization instead of RSRP maximization not precluded.
· Option 2: Other
· …
Agreement:
· FFS.




	R4-2304129
	Apple
	Observation 1: Without clear specification on UE beam reporting criterion, it is very hard to restrict how a UE selects its antenna module or beam for the two TRPs.
Proposal 1: Given the previous RAN4 agreement on ‘antenna module’ and ‘panel,’ there is no need to specifically consider antenna module-splitting in defining RF requirement.
Proposal 2: It remains to be seen if it is necessary to specify minimum network benefit for enhanced UE, given RAN4 is going to specify some spherical coverage requirement.

	R4-2304163
	Murata
	Observation 1:	If AoA offset become larger, CDF seems become better.
Observation 2:	From the viewpoint of antenna panel, the angle between TRP1 and TRP2 can be both larger than and smaller than AoA offset.
Observation 3:	The effect of MMSE-IRC is different among measurement grids.
Observation 4:	For example, SINR become 0.9 or 5.1 dB better in this T-doc by MMSE-IRC.
Proposal 1:	We support using MMSE-IRC for the case the simulation result of AoA offset = 30 degrees much worse than results of other AoA offset cases.
Observation 5:	If we change parameters from legacy, CDF can be better without using multi-Rx.
(ex. better resolution of phase shifter will improve CDF of legacy UE.)
Proposal 2:	When we compare the specification of multi-Rx with that of legacy, we should use the same parameters with legacy. And if we use other parameters, we should compare the specification of multi-Rx with that of one panel simulation using the same assumption.
Observation 6:	Some legacy smartphones have antenna on side.
Proposal 3:	Add plastic to side cover assumption.
	Item
	Simulation assumption
	Note

	Front cover (Plastic, Glass, Ceramic, Metal)
	Glass
	This information is meaningful only if it’s the same with the material which covers antennas. 

	Back cover (Plastic, Glass, Ceramic, Metal)
	Glass
	

	Side cover / Frame (Plastic, Glass, Ceramic, Metal)
	Metal, Plastic
	

	Display panel – Full (Y) or Partial (N)
	Y
	

	Bezel Margin
	1.5mm
	Module can’t be placed outer edge of UE to secure mechanical reliability





	R4-2305097
	vivo
	Observation 1: The multi-Rx UE may show different performance under legacy requirement verification if multiple antenna modules are activated simultaneously.

Proposal 1: The test configuration should ensure that only one antenna module is activated for multi-Rx UE during legacy requirement verification. 

Proposal 2: Same requirement can be applied to the UE support overlapPDSCHsInTimePartiallyFreq-r16 and overlapPDSCHsFullyFreqTime-r16.

Proposal 3: No need to discuss and define the RF requirement for the UE only support multiDCI-MultiTRP-r16.

	R4-2305611	
	OPPO
	Proposal 1: Considering the UE optimized performance guarantee and the affordable test work load, two AoA separations is proposed as the number of AoA separations that UE must meet the requirement.
Proposal 2: it is proposed that the two AoA separations are determined based on UE’s declaration.
Proposal 3: The two AoA separations are picked up from the following subgroups respectively.
· AoAsep1 is picked up from {[30°], 45°, 60°, 75°, 90°}
· AoAsep2 is picked up from {105°, 120°,135°, 150°, 165°, [180°]



Other related contributions discussing UE behavior assumptions

	R4-2305750
	Sony, Ericsson
	Proposal 2: RAN4 shall further discuss the simulation assumption for UE behavior when the UE selects the two beams for the two DL signals. 

	R4-2304603
	Qualcomm
	Proposal 2: Choose option 1 [1.2.14, 7] on beam selection as baseline for simulation: UE selects beam for each module so RSRP of RS from assigned TRP is maximized.
Proposal 3: Choose option 1 [1.2.14, 7] on module selection per TRP for PC3 as baseline for simulation: UE assigns ‘first’ module to track TRP that yields highest RSRP among all combinations of modules and TRPs. The best of the other modules is assigned to track the other TRP.
Proposal 4: Choose option 1 [1.2.14, 7] on module splitting as baseline for simulation: no module splitting behavior is assumed for PC3.

	R4-2304824
	Samsung
	Proposal 3:	adopt RSRP criteria rather than SINR criteria as beam selection assumption for simulation and requirement derivation.
Observation 2:	the impact of beam selection prioritization between TRPs is tiny.



Open issues summary
Beam selection
Option 1: Based on RSRP
Option 2: Based on SINR, such as max[log(1+SINR_AoA1) + log(1+SINR_AoA2)]
Option 3: Up to UE implementation. No need to reach an agreement. 
	Company
	Comments

	Murata
	We prefer selecting option 1 or 2 in discussion.

	vivo
	Option 1, which align with RAN1 beam reporting. Option 3 is not acceptable, because this detail will impact the results of simulation, and no agreement will put a great hindrance on simulation campaign between companies.

	Huawei
	From our understanding, Option 1 is currently supported by specification so we prefer to use it at least for evaluation purpose. Further enhancement like Option 2 can be pursued in RRM session. (seems that there is parallel discussion regarding this issue in RRM)

	ZTE
	We support option 1 and  the beam selection is based on L1-RSRP in the current specification.

	Nokia
	Option 1 is OK for the simulation.

	Xiaomi
	Option 1

	Sony
	Fine with option 1

	Samsung
	Option 1 

	Ericsson
	Option 1

	MediaTek
	Option 1 is Ok for the simulation.

	LGE
	Option 1

	OPPO
	Option 1



TRP to module pairing 
Option 1: UE assigns ‘first’ module to track TRP that yields highest RSRP among all combinations of modules and TRPs. The best of the other modules is assigned to track the other TRP
Option 2: Use max[log(1+SINR_AoA1) + log(1+SINR_AoA2)] to select the best module/beam for each TRP
Option 3: Up to UE implementation. No need to reach an agreement.
	Company
	Comments

	Murata
	We prefer selecting option 1 or 2 in discussion.

	Vivo
	Option 1, similar reason in 1.2.1

	Huawei
	Option 1.

	Nokia
	Option 1 is OK for simulation.

	Xiaomi
	Option 1 is OK in simulation

	Sony
	Fine with option 1

	Samsung
	Option 1

	MediaTek
	Option 1 is Ok for the simulation.

	OPPO
	Option 1



GTW Agreement: 
· Take Option 1 as the baseline assumption for simulation.
· Companies are expected to clarify the assumptions whether RSRP or SINR is used for simulation.

On module splitting 
Option 1: Module splitting needs to be explicitly considered.
Option 2: Up to UE implementation. No need to further discuss it given the RAN4 agreement on “antenna module” and “panle”
	Company
	Comments

	Murata
	We support option 2.

	Vivo
	Option 2

	Huawei
	Option 2.

	ZTE
	Option 2.

	Nokia
	Option 2

	Apple
	Option 2

	Xiaomi
	Option 2

	Sony
	Option 2

	Samsung
	Option 2

	Ericsson
	Option 2

	MediaTek
	Option 2

	LGE
	Option 2

	OPPO
	Option 2



Minimum network benefit
Option 1: No need to further discuss given the 2AoA spherical coverage/probability requirement is taking shape and being agreeable.
Option 2: Others
	Company
	Comments

	Murata
	We support option 1.

	Vivo
	Option 1 is OK for us.

	Huawei
	Option 1.

	ZTE
	We support option 1.

	Nokia
	Option 1 is OK

	Apple
	Option 1.

	Xiaomi
	Option is OK

	Samsung
	Option 1

	Ericsson
	Option 1

	Qualcomm
	We are ok to not discuss it, but we may need to bring it back for perspective if there are corner-case implementations in the averaging pool. For now, option 1 is ok.

	MediaTek
	Option 1 is OK

	LGE
	Option 1

	OPPO
	Option 1



UE capability for mDCI
Given the RAN4 agreement “To have the unified requirement concept for UEs supporting multi-DCIs as for UEs supporting single DCI, RAN4 can focus on fully overlapping in time and in frequency, supported by UE capabilities “multiDCI-MultiTRP-r16” and “overlapPDSCHsFullyFreqTime-r16.”” Do we need to further agree on the following two proposals?
Proposal 2: Same requirement can be applied to the UE support overlapPDSCHsInTimePartiallyFreq-r16 and overlapPDSCHsFullyFreqTime-r16.
Proposal 3: No need to discuss and define the RF requirement for the UE only support multiDCI-MultiTRP-r16.
	Company
	Comments

	vivo
	As proponent, we can further explain our intention for the proposals above. For multi-DCI based multi-Rx, serval optional capability exists:
· multiDCI-MultiTRP-r16
· overlapPDSCHsFullyFreqTime-r16
· overlapPDSCHsInTimePartiallyFreq-r16
[bookmark: OLE_LINK2]Previous agreement only solves the problem that what is the baseline for requirement design, but we don’t know what should we do if UE report multiDCI-MultiTRP-r16 and
overlapPDSCHsInTimePartiallyFreq-r16 or only support multiDCI-MultiTRP-r16. 

	Huawei
	If discussion outcome from Demod session could be SINR threshold other than -1dB is more appropriate to be considered for different UE capabilities, then we need to distinguish them. Otherwise we can choose Option 3. 

	Nokia
	We suggest (new) option 4: There is no interference in non-overlap case. So, same legacy requirements will apply for AoA1 and AoA2 individually.

	Apple
	We support Proposal 3 because RAN4 agreed earlier that we “•	Strive to define single set of requirements for both sDCI and mDCI.”
Proposal 2 is OK, but things should be fine without it.

	Xiaomi
	We support Proposal 2, since if UE only reports multiDCI-MultiTRP-r16, it means the UE supports multi-DCI based multi-TRP and support of fully/partially overlapping PDSCHs in time and non-overlapping in frequency. That is, the resources of two PDSCHs are overlapping in time and non-overlapping in frequency, but two PDSCHs are still allocated in the same active BWP, and they can be allocated interlacedly in frequency, the interaction between two PDSCHs still need consider.

	Qualcomm
	We are ok to support option 3, if the intent is to not create unique requirements for one variant of UE ‘UE only support multiDCI-MultiTRP-r16’.
The requirements will get very fragmented if choose partial overlap cases, these can be considered for future enhancement.



Impact on singel AoA performance
Proposal: The test configuration should ensure that only one antenna module is activated for multi-Rx UE during legacy requirement verification.
	Company
	Comments

	Murata
	We support proposal.

	Vivo
	As proponent, our concern here is that if multiple modules are still activated simultaneously, the UE performance may be degraded during legacy requirement verification. So we think it is needed to ensure multiRx UE follow legacy behavior under legacy requirement verification.

	Huawei
	Whether Rel-18 UE will get benefits or punishments from the legacy test can be further discussed. But one follow-up question is how to reflect such limitation in the specification? 

	Nokia
	It is OK.

	Apple
	We would like to understand what caused the performance degradation in case two antenna modules are activated. Furthermore, it is unclear if we need to reach any agreement on this because in the testing, legacy (single AoA) requirement is verified separately from the two AoA requirement.

	Xiaomi
	We are OK for the proposal, I think it’s just to confirm the test condition for the objective in the WI:
· The legacy spherical coverage requirement for reception from a single direction will be kept

	Sony
	It is unclear to us the implication of the proposal. It seems this is only about legacy single AoA test and it is UE implementation issue rather than a test issue in our view.  

	Samsung
	Share similar understanding as Sony, maybe it is not necessary to add additional limitation to legacy test, and there seems no way to ensure such limitation either.

	Ericsson
	In our view the multi-RX test is a functional test for UEs indicating the [MIMO] capability, unclear why this test should ensure that the UE does not fail another test.

	Qualcomm
	We agree with vivo’s concern, but this is up to the UE to manage properly. It still must meet legacy requirements when legacy connectivity conditions are presented (single TCI state etc). 

	LGE
	For clarification, does UE supporting the multiRx simultaneous have two tests? Legacy test with single antenna module and multiRx test.



On MMSE-IRC
Should MMSE-IRC be used for small AoA offset such as 30 degrees for better performance? 
	Company
	Comments

	Murata
	If one AoA offset result is much worse than others, we should use MMSE-IRC to that condition or we should remove that AoA offset condition from evaluation list. (The result may relate to [129] 1.2.5 and connection method, bias and so on.)

	vivo
	The proposal is reasonable but is an implementation issue, and UE can use preferred implementation only if the requirement can be satisfied. We think no need make agreement on this implementation specific issue.

	Nokia
	It is OK.

	Apple
	We also think it can be left to UE implementation and hence no agreement is needed.

	Sony
	We are open for companies to bring in the analysis for more advanced receiver design for core requirement discussion. However, we don’t think this needs to be mandated. 

	Samsung
	It is up to implementation.

	Qualcomm
	A more pointed question perhaps is should the requirements discussion assume advanced receivers – our view is no. Perhaps in the future this can be an avenue of enhancement.



Companies views’ collection for 1st round 
Open issues 
See Section 1.2.
CRs/TPs comments collection

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

	Sub-topic #1.2.1 and 1.2.2
	GTW Agreement: 
· Take Option 1 as the baseline assumption for simulation.
· Companies are expected to clarify the assumptions whether RSRP or SINR is used for simulation.
Recommendations for 2nd round: No further discussion

	Sub-topic #1.2.3
	Option 2 is agreed.
Option 2: Up to UE implementation. No need to further discuss it given the RAN4 agreement on “antenna module” and “panle”
Recommendations for 2nd round: No further discussion

	Sub-topic #1.2.4
	Option 1 is agreed.
Option 1: No need to further discuss given the 2AoA spherical coverage/probability requirement is taking shape and being agreeable.
Recommendations for 2nd round: No further discussion

	Sub-topic #1.2.5
	To confirm the following tentative agreements in the 2nd round:
The same requirement shall be applied to the UEs supporting either of the following two capability combinations:
· UE capabilities “multiDCI-MultiTRP-r16” and “overlapPDSCHsFullyFreqTime-r16”.
· UE capability “multiDCI-MultiTRP-r16” and “overlapPDSCHsInTimePartiallyFreq-r16”.
No need to discuss and define the RF requirement for the UEs only supporting “multiDCI-MultiTRP-r16”.

	Sub-topic #1.2.6
	To discuss if the following proposal is agreeable in the 2nd round:
It is up to UE implementation how many panels are activated for multi-Rx UEs during legacy (R15) requirement verification.

	Sub-topic #1.2.7
	To discuss if the following proposal is agreeable in the 2nd round:
It is up to UE implementation what receiver is used meeting the RF requirement, noting MMSE-IRC receiver is the baseline receiver for NR.




CRs/TPs

Discussion on 2nd round (if applicable)

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

	
	WF on …
	YYY
	

	
	LS on …
	ZZZ
	To: RAN_X; Cc: RAN_Y

	
	
	
	



Existing tdocs
	Tdoc number
	Revised to
	Title
	Source
	Recommendation  
	Comments

	R4-2304120
	
	
	Nokia, Nokia Shanghai Bell
	Noted
	

	R4-2304129
	
	
	Apple
	Noted
	

	R4-2304163
	
	
	Murata
	Noted
	

	R4-2305097
	
	
	vivo
	Noted
	

	R4-2305611
	
	
	OPPO
	Noted
	



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

2nd round 

	Tdoc number
	Revised to
	Title
	Source
	Recommendation  
	Comments

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

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

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

	
	
	
	
	
	



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