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Introduction
This thread is handling several issues related to UE simultaneous reception based on different QCL Type-D RSs. There are still several open issues, the main Topics to be discussed are:
· L1-RSRP Measurements
· TCI State switching
· Receive Time Difference
Topic #1: L-1 RSRP Measurements
Papers related to L1-RSRPmeasurements are included in Section 1.1.The list of open issues is based on the observations and proposals from different companies 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2300102
	Qualcomm Incorporated
	Types of L1 Measurements from Rel-15 to Rel-17
Observation 1: Not all of the L1 measurements introduced over the past releases are relevant to simultaneous Rx from mTRP in FR2.
· Rel-15 Group-based L1-RSRP
· In measurement report, UE may select two gNB Tx beams from one TRsP because there is no notion of measurement resource grouping per TRP
· Rel-16 L1-SINR
· The same issue as Rel-15 Group-based L1-RSRP. Furthermore, a selected pair of TRP Tx beam and UE Rx beam based on R16 L1-SINR measurement and report mechanism may not be always the same as or subset of the pair of beams UE can simultaneously support, hence, should be anyway followed by R17 group-based L1-RSRP measurement.
· Rel-17 Group-based L1-RSRP
· gNB Tx beam selection is per CMR set, hence the two selected gNB Tx beams in measurement report always belong to different TRPs as intended
Proposal 1: RAN4 to define L1 measurement period requirements only for R17 group-based L1-RSPR measurement.
L1 Measurement Accuracy Requirements and UE Implementation
Observation 2: UE Rx beam management and TRP beam selection for L1 measurements and reports are left to UE implementation.
· gNB Tx beam selection for L1 measurement report
· According to RAN1 specification, a selection of L1 measurement results among configured multiple measurement results is up to UE implementation.
· UE Rx beam selection for L1 measurements
· UE may consider multiple criteria when selecting measurement results for the report, and it is also up to UE Rx beam codebook design.
· UE L1 measurement for a measurement resource with simultaneously formed two beams
· When UE processes one measurement resource from a TRP, the UE may measure L1-RSRP received from one Rx beam or two Rx beams, which is up to UE implementation
Proposal 2: RAN4 to not define L1 measurement accuracy requirements when incident angles of multiple measurement resources from two TRPs are not identical unless the following ambiguities can be resolved by, e.g. introducing a new measurement quantity and UE behavior
· criteria of UE Rx beam selection and measurement resource selection
· dependency on UE beam codebook design
Types of Measurement Resources for Group-based L1-RSRP
Observation 3: For R17 group-based L1-RSRP measurements, mixed reference signal types are not allowed.
Proposal 3: RAN4 to not consider different types of measurement resources for group-based L1-RSRP measurements, i.e. no requirements for a mixture of SSB and CSI-RS based group L1-RSRP measurements.
L1 Measurement Applicability
Proposal 4: Group-based L1 measurement period requirements are applicable only when a valid L3 measurement report associated with the L1 measurement resources was sent during the last [5] seconds
L1 Measurement Period Requirements
Proposal 5: A UE Rx beam sweeping factor of N during SSB-based L1 measurements can be lowered to N/2 only if any one of the following conditions is met:
· UE is configured with active TCI states from two TRPs, and the association between the TCI states and the TRPs is explicitly known to the UE, i.e.
· (single DCI based mTRP) at least one of the codepoints in the active TCI list for PDSCH includes two reference resources for qcl-TypeD from respective TRPs
· (multi DCI based mTRP) two CORESETs QCL’ed with two reference resources for qcl-TypeD are configured
· SNR > XdB for each TRP, where rank > 2 is expected
· Group-based L1-RSRP measurement is configured based on L3 measurements for the same measurement resources
· FFS on the following:
· a new UE capability
· RLM
· LR – BFD and CBD

	R4-2300270
	Apple
	Proposal 1: It is proposed to discuss if RAN4 needs to specify requirement for UE group-based beam reporting, including AoA offset, beam reporting criterion other than the one based on RSRP, and regular UE beam reporting.

Observation 1: Whether and how much beam sweeping factor N can be reduced depends on UE L1 measurement strategy and on UE panel implementation.

Proposal 2: It is proposed to have a new UE capability of beam sweep factor for multi-RX capable UE. It is up to UE to report it (<8). 

Proposal 3: Given a reduced beam sweeping factor, if the current L1-RSRP measurement period remains unchanged, the current scheduling/measurement restrictions can be relaxed.

Proposal 4: A new UE capability should be needed to indicate whether the UE can support simultaneous reception of data and L1 measurement. However, final decisions on UE capability are postponed until the relevant requirement nears its completion and the impact on UE implementation is clearly understood.
Proposal 5: It is proposed to clarify if simultaneous L3 and L1 measurements is in scope after the RAN#98 decision.

	R4-2300454
	Samsung
	Observation 1: Based on the agreed UE panel assumption in RF, whether the beam sweeping factor N can be reduced or not cannot depend on the discussion of overlap coverage of the two panels.
Observation 2: Suggest that the discussion of reducing the Rx beam factor N mainly focus on SSB based L1 measurement
Proposal 1 :The beam sweeping factor N should not be reduced.
Proposal 2 : The Psharing factor should be kept, and the existing Psharing factor  definition can be re-used in Rel-18 multi-Rx WI.
Proposal 3 : For UE capable of simultaneous multi-Rx reception, PTRP can be considered to 1.

	R4-2300462
	Intel Corporation
	Observation 1: If one panel can only cover the beam scope from one TRP, then the 2nd panel can only measure signal from other directions which is not covered by the current panel. It can’t speed up the Rx beam sweeping time.
Proposal 1: Beam sweeping factor can’t be reduced if one panel can only cover the beam scope for one TRP.
Observation 2: The best TX/RX beam identified by two panels may not be the same as the two panels are installed at different positions of terminal. If one panel use the beam index detected of another panel, there will be mismatch.
Proposal 2: If UE is equipped with more panels to cover for the beam scope of the same TRP, it needs further discussion whether RX beam sweeping factor can be reduced.
Proposal 3: Further discuss whether sharing factor can be reduced by considering the possible degradation on mobility performance.

	R4-2300523
	Nokia, Nokia Shanghai Bell
	Observation 1: L1 measurement delay can increase speed of group based reporting and therefore help UEs to quickly establish 4 layer MIMO with multiple TRPs.
Observation 2: Beam sweeping scaling factor influences beam failure detection and recovery time and can therefore influence the robustness of the beam tracking and how quickly the interruptions due to beam failure last.
Observation 3: Depending on advanced multi-Rx UE architectures, beam sweep scaling factor can be optimized in FR2-1 UEs.
Observation 4: Reducing beam sweeping factor N leads to performance gain in terms of better beam management performance and throughput performance.
Proposal 1: RAN 4 to consider reducing beam-sweep scaling factor based on UE architecture.
Observation 5: L1 and L3 measurements may use different combination of rough/narrow beams, therefore certain UE architectures won’t support simultaneous L1 and L3 measurements on the same panel.
Observation 6: L1 and L3 measurements can be performed simultaneously when beam sweeping scheme does not collide on the same panel.
Proposal 2: RAN4 to consider requirements with support of simultaneous L1 and L3 measurements
Proposal 3: RAN4 to support simultaneous reception RS for L1 measurements and RS for L3 measurement from different directions.
Observation 7: With UEs having multi-Rx, multi-panel architectures, and supporting Independent Beam Management, it is possible to reduce the impact of sharing factor P during scenarios of RLM, BFD, and CBD resources (for L1 measurements) by allowing overlapping with measurement gap and/or SMTC occasion (for L3 measurements).
Proposal 4: RAN4 to define requirements with reduced L1/L3 sharing factor for multi Rx capable UEs. FFS how much reduction can be achieved considering UE architecture
Proposal 5: RAN4 to discuss signalling related to UE reporting to the network to further enhance the supported L1/L3 sharing factor.

	R4-2300910
	Xiaomi
	Observation 1: For non-overlap of two panel assumption, there will be no beam sweeping factor reduction.
Observation 2: For fully overlap of two panel assumption, the beam sweeping factor can be enhanced from 8 to 4.
Proposal 1: The beam sweeping factor can be reduced as N= floor(m/2) + 8 – m where m is the overlapped of the two panels.
Proposal 2: The scaling factor can be a UE capability.

	R4-2300941
	LG Electronics Inc.
	Proposal 1: Introduce reduced Rx beam sweeping factor for L1 measurements along with the capability of supported Rx beam sweeping factor.
Proposal 2: RAN4 to discuss what conditions simultaneous reception of measurement and data is possible along with scheduling restriction discussion

	R4-2301041
	MediaTek inc.
	Observation 1: N cannot be reduced for all UEs because it depends on UE implementation.
Proposal 1: Reducing the value of N in L1 measurement (L1-RSRP/L1-SINR/BFD/CBD/RLM) delay requirement should be up to UE’s capability.
Proposal 2: In L1 measurement (L1-RSRP/L1-SINR/BFD/CBD/RLM) delay requirement, P factor should not be enhanced due to collision between L1 and L3 measurement.

	R4-2301327
	vivo
	Proposal 1: RAN4 is to further study if L3 measurement results are always available to be used for L1-RSRP measurement.
Proposal 2: Beam sweeping factor reduction is only feasible for the cases, if any, that L3 measurement results are NOT available to be used for L1-RSRP measurement.
Observation 1: There is benefit on throughput performance if beam sweeping factor can be reduced for L1-RSRP measurement.
Proposal 3: Beam sweeping factor reduction, if it is feasible for certain cases for serving cell L1-RSRP measurement, is also feasible and should be considered for L1-RSRP measurement for the cell with PCI different from serving cell.
Proposal 4: Sharing factor PSC between serving cell and the cell with PCI different from serving cell may be reduced for multi-Rx chain DL reception.

	R4-2301410
	ZTE Corporation
	Observation 1: L1-RSRP group-based report is supported from R15 and is further enhanced in R17. L1-SINR group-based report is supported from R16. Three corresponding UE capabilities: groupBeamReporting, groupSINR-reporting-r16 and mTRP-GroupBasedL1-RSRP-r17 were identified in R15, R16 and R17 respectively.
Observation 2: The three corresponding UE capabilities are all optional type.
Observation 3: The support of group-based report for intra-cell mTRP and inter-cell mTRP are different. For inter-cell mTRP, only CSI-RS type group-based report is allowed. While for intra-cell mTRP, both CSI-RS and SSB types group-based report are allowed.
Observation 4: No matter for CSI-RS type or SSB type, there is not any restriction to limit the reported two CSI-RS or SSB within a single group-based report should be overlapping in time.
Proposal 1: No matter through group-based report or non group-based report, as long as the NW can collect the CSIRI or SSBRI report related with each TRP, multi-panel Rx can be supported from the perspective of beam report.
Proposal 2: For the case of a single panel has been down-selected by previous RRM measurement(named as Assumption 1), the Rx beam sweeping during L1-RSRP measurement is performed only by a single panel. While for other case(named as Assumption 2), the Rx beam sweeping during L1-RSRP measurement is performed by multiple panels.
Proposal 3: Under Assumption 1), i.e. L1-RSRP measurement is performed only by a single panel down-selected by RRM measurement, no room to reduce the scaling factor of Rx beam sweeping.
Proposal 4: Under Assumption 2), i.e. L1-RSRP measurement is performed by multiple panels, UE can perform partial beam sweeping by each panel at the same. So the beam sweeping factor can be reduced. 
· For the case of each panel can cover half of the fully beam directions, the beam sweeping factor can be reduced by a half, i.e. from N to N/2.
· For other cases, the beam sweeping factor can be reduced from N to maximum[N1, N2], here N1and N2 refer to the number of beams covered by each panel respectively.

	R4-2301651
	OPPO
	Proposal 1: Beam sweeping factor reduction is feasible at least for SSB-based L1-RSRP, RLM and BFD/CBD measurement. FFS for CSI-RS based L1 measurement.
Observation 1: Different Rx Beam sweeping/adjustment schemes (e.g., non-overlapping, partial overlapping, or fully overlapping with previous swept directions) may lead to different beam sweeping factors.
Proposal 2: Study the impact of different Rx Beam sweeping/adjustment schemes on Rx sweep factor if necessary.
Proposal 3: FFS the conditions under which these signals can be received simultaneously (e.g. singals grouped together in a group report, 2 AoAs reception of RS and data). FFS additional signaling/capability

	R4-2302006
	Huawei, HiSilicon
	Proposal 1: For R18 multi-Rx DL receptions, beam sweeping factor reduction for L1-RSRP measurements is not considered, since it is not necessary for supporting simultaneous DL receptions and will cause beam performance degradation.
[bookmark: _Hlk127570802]Proposal 2: For R18 multi-Rx DL receptions, simultaneous reception of any RS pair from different resource sets for group based L1-RSRP measurements is not always supported.
Proposal 3: For R18 multi-Rx DL receptions, measurement restrictions between L1-RSRP measurement RSs from different resource sets are still needed.

	R4-2302651
	Ericsson
	· Proposal 1: For L1-RSRP measurement reporting, RAN4 defines requirements for simultaneous CSI-RS + CSI-RS reception (i.e., two simultaneous CSI-RSs). Deprioritize L1-RSRP based on simultaneous SSB+SSB reception.

· Proposal 2: The enhanced L1-RSRP measurement requirements for simultaneous reception of two RSs shall apply, provided at least the following conditions are met:
· Condition #1: UE has the multi-rx operation capability (to be replaced with the exact capability name, with a relevant reference in the specification),
· Condition #2: UE is configured with dual TCI,
· Condition #3: UE is not configured with CA or DC,
· Condition #4: The simultaneously received RSs are in PCell only, 
· Condition #5: Both RSs and their associated signals in the QCL type D infos are detectable during the entire measurement period,
· Condition #6: The RSs are configured to have common (overlapping in time) RS occasions,
· Condition #7: The side conditions, applied in the common RS occasions, hold.
· Condition #8: The measured CSI-RS is being received simultaneously with another CSI-RS, where the two CSI-RSs have QCL-TypeD with different references.
· Proposal 3a: For multi-rx operation, beam sweeping factor N in L1-RSRP measurement period requirements based on periodic or semi-persistent CSI-RS with repetitions can be reduced by a factor of 2 (the number of simultaneously received RSs), e.g.: 
N=ceil(maxNumberRxBeam / Nmulti-rx / Nres_per_set), 
where Nmulti-rx =2 when simultaneous reception is enabled, provided [TBD conditions for multi-rx operation] are met, otherwise Nmulti-rx =1.

· Proposal 3b (preferred): For multi-rx operation, the measurement period is reduced by a new scaling parameter L=1/2, provided [TBD conditions for multi-rx operation] are met, otherwise L=1.
	Configuration
	TL1-RSRP_Measurement_Period_CSI-RS (ms) 

	non-DRX
	max(TReport, ceil(M*P*N*L)*TCSI-RS)

	DRX cycle ≤ 320ms
	max(TReport, ceil(1.5*M*P*N*L)*max(TDRX,TCSI-RS))

	DRX cycle > 320ms
	ceil(M*P*N*L)*TDRX

	Note 1:	TCSI-RS is the periodicity of CSI-RS configured for L1-RSRP measurement. TDRX is the DRX cycle length. TReport is configured periodicity for reporting.
Note 2:	the requirements are applicable provided that the CSI-RS resource configured for L1-RSRP measurement is transmitted with Density = 3.



· Proposal 4: The same accuracy requirements apply for L1-RSRP with and without multi-rx operation.

· Proposal 5: L1-SINR measurement reporting requirements can be enhanced due to simultaneous reception, based on the same principles as for L1-RSRP based on simultaneous RS reception.



Open issues summary
Several issues related to L1-RSRP measurements are still opened. The following open issues should be discussed in order to progress the work and proceed with the definition of the actual requirements.
· Scope for Group Based Reporting
· RSs for Measurements
· Requirements Applicability
· Beam Sweeping Factor
· Sharing Factor
· Simultaneous L1 and L3 Measurements
· Other reporting schemes
· Reporting criteria/quantity
· L1-SINR Handling

Sub-topic 1-1
Scope for Group Based Reporting
There are different proposals on which scheme for group based reporting should be used to enable simultaneous reception
Issue 1-1: Group Based Reporting Scope
· Proposals
· Option 1: Only Rel-17 group based reporting can be used for simultaneous reception
· Option 2: Rel-15, 16 and 17 schemes should all be in scope, they can all be used to enable simultaneous reception
· Recommended WF
· Option 1

Sub-topic 1-2
RSs for Measurements 
Both SSB and/or CSI-RS can be used for measurements, there are different proposals 
Issue 1-2: RSs for Measurements
· Proposals
· Option 1: Introduce requirements only for SSB based measurements
· Option 2: Introduce requirements only for CSI-RS based measurements
· Option 3: Introduce requirements for both SSB based and CSI-RS based, measurements cannot be combined
· Recommended WF
· Option 3
Sub-topic 1-3
Requirements Applicability 
There are different proposals on whether to introduce requirements only if the RS was already measured for a L3 report or not, etc
Issue 1-3: Requirements Applicability
· Proposals
· Option 1: Introduce requirements only for the case when the RS was included in a L3 report sent within [5]s (or within a QCL chain of a reported RS)
· Option 2: Do not introduce any restriction related to other measurement reports
· Option 3: Other proposals
· Recommended WF
· TBA
If option 3 is preferred, please provide an alternative proposal

Sub-topic 1-4
 Beam Sweeping Factor
Possible reduction of the beam sweeping factor for L1 measurements was discussed in previous meetings, there are still diverging proposals
Issue 1-2: Beam Sweeping factor
· Proposals
· Option 1: Do not reduce the beam sweeping factor
· Option 2: Reduce the beam sweeping factor from 8 to 4
· Option 3: Reduce the beam sweeping factor based on the overlap between different antenna panels
· Option 4: Reduce the beam sweeping factor based on other conditions (e.g. see R4-2300102)
· Option 5: Introduce a capability for the reduced beam sweeping factor
· Recommended WF
· TBA
Sub-topic 1-5
[bookmark: _Hlk127963922]Sharing Factor 
Reduction of the sharing factor used for different measurements is still under discussion, the proposals are discussed below
Issue 1-5: Sharing factor
· Proposals
· Option 1: Sharing factor P should not be reduced
· Option 2: Sharing factor P should be reduced
· Recommended WF
· Option 1
If Option 2 is preferred, a concrete proposal should be provided
Sub-topic 1-6
Simultaneous L1 and L3 Measurements 
Issue 1-6: L1 and L3 Measurements
· Proposals
· Option 1: L1 and L3 Measurements can be performed simultaneously, requirements should be enhanced
· Option 2: L1 and L3 Measurements cannot be performed simultaneously, requirements should not be enhanced 
· Recommended WF
· TBA
Sub-topic 1-7
[bookmark: _Hlk127963945]Other reporting schemes
Issue 1-7: Reporting schemes
· Proposals
· Option 1: Do not discuss other reporting schemes than group based reporting
· Option 2: Consider other reporting schemes to enable simultaneous reception
· Recommended WF
· Option 1
If Option 2 is preferred, a concrete proposal should be provided
Sub-topic 1-8
Reporting criteria/quantity 
Some papers are arguing that simply using RSRP as the criteria to report beams is sub-optimal and other schemes should be studied
Issue 1-8: Reporting criteria/quantity
· Proposals
· Option 1: use RSRP, do not discuss any other criteria
· Option 2: Study other criteria (e.g. capacity based)
· Recommended WF
· Option 1
If Option 2 is preferred, please provide some concrete proposals
Sub-topic 1-9
L1-SINR Handling 
L1-SINR is reported similarly to L1-RSRP, whether it requires any special handling is under discussion
Issue 1-9: L1-SINR Handling
· Proposals
· Option 1: Handle L1-SINR in the same say as L1-RSRP(same requirements framework)
· Option 2: Handle L1-SINR separately
· Recommended WF
· Option 1
If Option 2 is preferred, please provide more details on how to handle L1-SINR

Topic #2: TCI State Switching
Papers related to TCI state switching are included in Section 2.1.The list of open issues is based on the observations and proposals from different companies. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2300105
	Qualcomm Incorporated
	QCL chain for Simultaneous Rx based FR2 mTRP and DCI based TCI State Switch Delay
Proposal 1: RAN4 to reuse the existing requirement of DCI based TCI state switch delay for the feature of simultaneous Rx based mTRP.
Single vs. Dual TCI State Switch
Proposal 2: RAN4 to define TCI state switch delay requirements only for the case where to-be-activated/switched TCI state upon the TCI switch command(s) reception includes two different QCL-TypeD sources
Sequential vs. Parallel TCI State Switch
Proposal 3: RAN4 to not consider dual TCI switch upon the reception of separate TCI switch commands not received in the same slot.
Known vs. Unknown TCI State Switch and TCI State Switch Delay
Proposal 4: RAN4 to not define TCI state switch delay requirements for unknown TCI state
Proposal 5: The known condition of dual TCI state switch for mTRP is based on Rel-17 group-based L1-RSRP measurement and report
Proposal 6: Tfirst-SSB defined for the existing TCI state switch delay requirements can be reused for dual TCI switch in mTRP if the definition of Tfirst-SSB is modified to account for two TDM’ed source SSBs in the QCL chains with two TRPs.

	R4-2300272
	Apple
	We are not aware of the RAN1 agreement that group-based reporting is supported for single DCI only. In our understanding, both sDCI and mDCI rely on group-based reporting to configure a UE with two TCI states for simultaneous DL reception. If this RAN1 agreement is not clearly reflected in the RAN1 specification, it is proposed to send an LS to RAN1 for confirmation, instead of continuing the discussion in RAN4.
Proposal 1: RAN4 can seek RAN1 confirmation of the agreement by sending an LS.
Proposal 2: The case “Dual TCI to Single TCI” needs to be considered if the target single TCI is a new state, i.e., not either of the two TCIs before switching.
Proposal 3: RAN4 should investigate if there are implementation constraints in dual TCI switching and if so, whether to allow some additional delay.
Issue 1-4-1: Known and unknown states combination
· Dual TCI state switching requirements are defined for simultaneous reception. It is FFS whether we need to define any new requirements for non-simultaneous reception. The dual TCI states known, or unknown are FFS. 
· Option A: known and known 
· Option B: Known and unknown 
· Option C: unknown and unknown
Proposal 4: All three options (A, B, and C) should be considered.
Proposal 5: For dual TCI state switching, it is proposed:
· For the (known, known) and (unknown, unknown) combinations, the legacy TCI state switching delay is expected to be reused, subject to further investigation of Proposal 3.
· For the (known, unknown) combination, the legacy TCI state switching delay can be further reduced.

Proposal 6: It is proposed to discuss and decide UE behavior in case the UE does not support the two configured target TCI states simultaneously.

	R4-2300464
	Intel Corporation
	Proposal 1: Group-based reporting is supported for both s-DCI and m-DCI.
Proposal 2: Legacy TCI activation can work for Dual TCI to Single TCI case.
Observation 1: Two TCI states activation may apply for several mTRP schemes. e.g. SDM/FDM/TDM.
Observation 2: For two TCI states activation in sDCI:
· MAC-CE based TCI activation alone is not enough to know whether the dual TCI will be used for SDM or TDM. UE can know the SDM scheme in the following DCI activation step where 2 CDM groups are indicated in DCI.
· DCI based TCI activation can distinguish whether the two TCI states will be used for SDM if two CDM groups are indicated.
Observation 4: Group-based report can help to distinguish the scheme of mTRP for both sDCI or mDCI.
Proposal 3: Suggest to assume group-based reporting for SDM for both sDCI and mDCI. 
Proposal 4: If group-based reporting is assumed for SDM, different requirements can be defined for SDM or TDM schemes in mTRP separately. Otherwise, the same requirement will apply for both schemes. 
Proposal 5: For SDM scheme in both sDCI or mDCI, known condition should be based on group based reporting.
Proposal 6: Only consider known case for both TCI states in dual TCI activation since panel ID is transparent.
Proposal 7: RAN4 to discuss whether panel activation delay is needed if 2nd panel has been turned off for power saving purpose. 
Observation 5: For TCI state list update delay, it will include two types of TCI state list update for mDCI and sDCI respectively:
1. for mDCI: up to 8 TCI states come from the same TRP
2. for sDCI: two TCI states from two TRP in one codepoint, up to 8 codepoints.
Observation 6: In RAN4, MAC CE based TCI state list update delay requirement in clause 8.10.6 can applied for mDCI case with the assumption that one TCI state can be actived.
Proposal 8: RAN4 to further discuss whether to define two types of TCI state list update delay requirement for sDCI and mDCI respectively, or just define a common one.
Proposal 9: The total TCI activation delay for simultaneous reception is from UE receive the first MAC CE command to the time UE has finish two TCI states activation no matter whether the two TCI states are activated by one MAC CE or two MAC CEs.

	R4-2300526
	Nokia, Nokia Shanghai Bell
	Observation 1: In a dual TCI to single TCI state switch scenario for PDSCH, the UE will still receive one PDSCH. This is similar to the legacy single TRP scenario.
Observation 2: Existing defined requirements for RRC-based TCI state switch delay apply only when 1 TCI state is configured in RRC state list.
Proposal 1: RRC based TCI state switch delay requirements need to be updated to reflect the switch from s-DCI to m-DCI where the UE will receive two target TCI states
Observation 3: MAC CE based TCI switch in sDCI with non-SFN PDCCH scenario involves only one target TCI state.
Proposal 2: For non-SFN based TCI indication method for PDCCH, use legacy Rel-15 TCI state switching requirements for multi Rx.
Observation 4: When PDCCH SFN is used one MAC CE is used to indicate two TCI states used for PDCCH.
Proposal 3: RAN4 to discuss if MAC CE based switching requirements for PDCCH SFN are to be defined for multiRx.
Proposal 4: RAN4 to reuse Rel-16 requirements for the case of DCI-based TCI switching for PDSCH in single DCI scenario.
Observation 5: The existing switching delays as well as known conditions for target TCI states were defined keeping in mind a single TRP deployment where the concept of s-DCI and m-DCI based operations didn’t exist. s-DCI based multi-TRP operations are suitable for ideal backhaul and this kind of operation is susceptible to delays.
Proposal 5: Further study if the existing requirements for target TCI state switching delays as well as known conditions can be tailored to suit s-DCI based m-TRP network deployments.
Proposal 6: For a UE operating in multi-DCI mode, TCI state switching applies per Rx chain independently, and thus TCI state switching delay requirements for single TRP mode can be reused per DCI.
Observation 6: In case 2 DCIs from different TRPs are received with a time distance smaller than timerDurationForQCL, RAN1 requirements state that the UE can receive PDSCH on both TCI states when timerDurationForQCL has passed for both states.
Proposal 7: In mDCI scenario, if DCI based TCI switch command from one TRP is received at n1, DCI state from other TRP is received at n2, and |n1-n2| < timeDurationForQCL the UE shall be able to receive PDSCH after slot max(n1,n2)+timeDurationForQCL.
Observation 7: In mDCI scenario, Rel-16 MAC CE based TCI switching applied only to single PDCCH TCI state.
Proposal 8: RAN4 to use Rel-16 requirements for MAC CE TCI switching as baseline for multi-DCI scenario.
Observation 8: Transition from 1 PDCCH state (sDCI) to 2 PDCCH states (mDCI) is done by RRC in Rel-16.
Proposal 9: RAN4 to discuss Single to Dual PDCCH state switch requirements using RRC for mDCI scenario.
Observation 9: RRC based TCI state switch delay and MAC CE based TCI state switch delay are impacted by the L1-RSRP measurement periods. Discussions on improved L1-RSRP measurement delays are ongoing.
Proposal 10: L1-RSRP measurement improvements once finalized should be reflected in TL1-RSPR_Measurement_Period_SSB and TL1-RSRP_Measurement_Period_CSI-RS to enable faster switching of TCI states when the target TCI state is unknown.
Observation 10: The existing conditions defined for a target TCI state to be known are based on whether the UE has reported a valid L1-RSRP measurement for the target TCI state and reference signal associated with the TCI state is detectable during the switching period.
Proposal 11: Both target TCI states need to be known in order to use the requirements with known conditions for DCI based TCI switching in single DCI scenario.
Proposal 12: For multi-DCI scenario, known/unknown conditions are analyzed for each target TCI state independently.
Proposal 13: If a pair of TCI states is activated by MAC CE command, consider the first SSB of both TCI states for activation time while arriving at the active TCI state list update delay requirements for dual TCI states


	R4-2300913
	Xiaomi
	Proposal 1: To agree the dual TCI to single TCI as a valid scenario and define corresponding requirement.
Observation 1: For PDCCH SFN, enhanced TCI state indication is used and hence one MAC CE can indicate two different TCI.
Proposal 2: The TCI state indication is proposed as:
Two MAC CE one for each TCI state (PDCCH non-SFN): each MAC CE contains one TCI state
One MAC CE for two TCI states (PDCCH SFN): one enhanced MAC CE contains two TCI states
One DCI for two TCI states (PDSCH single DCI): one enhanced DCI contains one or two TCI states
Two DCI one for each TCI state (PDSCH multiple DCI): each DCI contains one TCI state
Proposal 3: To agree table 1 for the MAC CE based TCI state switching delay requirement.
	Original TCI state
	Target TCI state
	Requirement

	Single TCI or
Dual TCI for PDCCH SFN
	Dual TCI for PDCCH SFN both known
	Legacy single TCI known requirement apply

	
	Dual TCI for PDCCH SFN one or both un-known
	Legacy single TCI un-known requirement apply

	Single TCI  or
Dual TCI for PDCCH non-SFN
	Dual TCI for PDCCH non-SFN 
	Legacy single TCI requirement apply for each RX chain

	Dual TCI for PDCCH SFN or
Dual TCI for PDCCH non-SFN
	Single TCI 
	Legacy single TCI requirement apply




	R4-2301044
	MediaTek inc.
	Proposal 1: For dual TCI state switching, only define the requirements for the case when two indicated TCI states are known.
Proposal 2: For detectable condition, all RSs in the same TCI chain for the target TCI state should remain detectable during the entire measurement/switch period.

	R4-2301330
	vivo
	Proposal 1: The baseline requirements for dual TCI states switching is not based on simultaneous reception of TCI state reference signals.
Proposal 2: Multi-DCI intra-cell multi-TRP is also supported for group-based beam reporting and corresponding dual TCI states switching requirements should be defined.
Observation 1: MAC-CE based Dual TCI states switching requirements for PDCCH repetition and PDCCH with multi-DCI is relevant to 4-layer MIMO.  
MAC-CE based Dual TCI states switching requirements for SFN PDCCH is NOT relevant to 4-layer MIMO.
Proposal 3: For MAC CE based dual TCI states switch, requirements are specified for single-DCI of SFN PDCCH, PDCCH repetition and multi-DCI.
Proposal 4: Requirements for MAC-CE based TCI state switch delay are defined for the following cases. 
-	Case 1: Dual TCI states based one MAC CE
-	Case 2: Dual TCI states based two MAC CEs, and one MAC CE for each TCI state
-	Case 3: Single TCI state switched from dual TCI states
Proposal 5: Requirements for MAC-CE based dual TCI states switch delay for PDCCH reception are defined for known + known. Unknown + unknown case may also be considered.
Proposal 6: For UE with multi-Rx chain, it should be able to track timing/frequency independently for each TCI state when dual TCI states are activated either based on T/F tracking for one TCI state or based on independent T/F tracking.
Proposal 7: Requirements for DCI based dual TCI states switch delay for PDSCH reception are defined for known case only.
Proposal 8: Requirements for DCI based dual TCI states switch delay for PDSCH reception are to reuse legacy requirements as baseline.
Proposal 9: Known/unknown conditions for dual TCI states switch can be defined as follows.
The TCI state is known if the following conditions are met:
-	During the period from the last transmission of the RS resource used for the L1-RSRP measurement reporting for the target TCI state to the completion of active TCI state switch, where the RS resource for L1-RSRP measurement is the RS in target TCI state or QCLed to the target TCI state
-	TCI state switch command is received within 1280 ms upon the last transmission of the RS resource for beam reporting or measurement 
-	The UE has sent at least one group-based L1-RSRP report configured with groupBasedBeamReporting or groupBasedBeamReporting-r17 that the target dual TCI states are reported within one group before the TCI state switch command 
-	The TCI state remains detectable during the TCI state switching period
-	The SSB associated with the TCI state remain detectable during the TCI switching period
-	SNR of the TCI state ≥ -3dB
Otherwise, the TCI state is unknown.
Proposal 10: For active TCI state list update, requirements for addition of dual TCI states should be specified. 
Proposal 11: For active TCI state list update for addition of a new dual TCI states, legacy requirements can be used as baseline. FFS if T/F tracking for the dual TCI states are based on different SSBs.

	R4-2301653
	OPPO
		Proposal 1: Focus on simultaneous dual TCI states switching firstly. FFS the transition of two TCI states and one TCI state.
Proposal 2: Agree on the following principles for defining dual TCI state switch delay requirements:
· For the case of Multiple DCI,
· each TCI state is changed by independent procedure with different triggering commands. Legacy requirements for each TCI state switching delay can be reused. 
· The delay requirements for known and unknown TCI state should be treated separately.
· For the case of Single DCI, 
· the same command triggers dual TCI state switching. Additional uncertainty time should be considered based on the legacy single TCI state switching delay.
FFS the need of dual TCI states known, or unknown

	R4-2301812
	Huawei, HiSilicon
	Observation 1: Following factor shall be considered when determine the Scope of dual TCI switching:
· sDCI vs mDCI
· Dual TCI switching for PDCCH/PDSCH
· Triggered method: DCI/MAC-CE/RRC
· SFN/non-SFN
Proposal 1: Dual TCI switching in SFN to be discussed in Rel-18 HST FR2.
Observation 2: Simultaneous reception for PDCCH with different QCL-TypeD are applicable for sDCI PDCCH reception when UE is capable of mTRP-PDCCH-TwoQCL-TypeD-r17.
Observation 3: Dual TCI to single TCI is also important to enable simultaneous reception since UE cannot always stay in mTRP reception state.
Observation 4: For mDCI, simultaneous PDSCH reception is for the case when PDSCH are fully/partially overlapped in time domain with different QCL-TypeD.
Proposal 3: Define dual TCI switching requirements for following cases:
sDCI: PDSCH TCI switching triggered by single DCI for following cases:
· single TCI to dual TCI
· dual TCI to dual TCI
· dual TCI to single TCI
mDCI: PDSCHs partially/fully overlapped in time domain with different QCL-typeD scheduled by individual DCI.
Observation 5: The known conditions for dual TCI states switching serve following purpose:
UE knows the beam pair of the target TCI states and no need to perform L1-RSRP measurement 
The configured two TCI states can be simultaneously received by UE. 
Observation 6: Based on legacy requirements, even the two TCI states can fulfill the known conditions, it is still possible that the indicated two TCI states cannot be received by a UE simultaneously which is up to UE implementation to handle the case, and the behavior cannot be verified.
Proposal 4: 
Following conditions shall be considered for the known conditions:
· The UE has sent at least one L1-RSRP report for the target TCI states before the TCI state switch command where the associated QCL type D RSs are reported within one group configured by groupBasedBeamReporting-r17. 
· The associated QCL type D RSs in target TCI states satisfy the conditions that the RSs are received from different panels, where the conditions shall follow RF conclusion.
Observation 7: For the same TCI QCL-typeD, UE may choose different Rx beam for simultaneous reception and single TRP reception.
Proposal 5: RAN4 to discuss whether UE shall always be prepared for simultaneous reception or UE is allowed to choose the best Rx beam for single TRP reception (e.g. mDCI).

	R4-2302155
	Samsung
	Observation 1: RAN1 supports enhancing the group-based reporting in Rel-17 and option 2 has been adopted for enhancement of group-based beam reporting
Observation 2: Group-based beam reporting is supported in Rel-15/16 with L1-RSRP/SINR measurement, while it is supported in Rel-17 with L1-RSRP measurement.
Observation 3: In Rel-15/16/17 group-based beam reporting, it is up to UE’s implementation to form beam group based on either a single spatial domain receive filter, or with multiple simultaneous spatial domain receive filters.
Observation 4: Rel-17 group-based reporting is not limited to sDCI.
Proposal 1: For group-based reporting, both sDCI and mDCI should be supported.
Proposal 2: For 4-layer MIMO simultaneous DL reception, RAN4 is expected to prioritize the group-based reporting
Proposal 3: For 4-layer MIMO with multi-RX simultaneous DL reception, the NW should choose Rel-17 group based reporting, and UE is configured with groupBasedBeamReporting-17 set to ‘enabled’
Proposal 4: For SFN PDCCH,  two TCI states could be indicated by one MAC CE. And sDCI based TCI state switching requirements should be defined for this case.


	R4-2302654
	Ericsson
	Proposal 1: 	RAN4 agree to define active TCI state switching requirements for both sDCI and mDCI cases.
Proposal 2: 	 RAN4 to agree to also define active TCI state switching requirements for the scenario “dual TCI to single TCI” switching. 
Proposal 3: 	RAN4 to agree to also define requirements for PDCCH SFN scenario where one MAC CE is used to indicate both TCI states
Proposal 4: 	For dual TCI state switching, both TCI states can be known or both TCI states can be unknown. RAN4 to define all active TCI state switching related requirements for the known case only (both are known).
Proposal 5: 	RAN4 to investigate the UE behaviour when it is not able to receive simultaneously on the dual TCI states.
Proposal 6: 	RAN4 to further investigate whether the case of RS of the dual TCI states can be received at different time instant for timing acquisition. 
Proposal 7: 	For switching/replacing of one of the two active TCI states, the existing requirements can be reused.



Open issues summary
Several issues related to TCI State Switching are still opened. The following open issues should be discussed in order to clearly identify the scope of the discussion and proceed with the definition of the actual requirements.
· Group based reporting and s/mDCI
· Scope for TCI state switching requirements
· TCI State Switch Triggering Method
· Handling of known/unknown TCI states
· Definition of Known TCI state 
· PDCCH SFN
Sub-topic 2-1
Group based reporting and s/mDCI
Some companies tried to clarify whether group based reporting works for both sDCI and mDCI
Issue 2-1: Group Based Reporting and s/mDCI
· Proposals
· Option 1: Group based reporting applies to both sDCI and mDCI
· Option 2: Other options
· Recommended WF
· Option 1

Sub-topic 2-2
Scope for TCI state switching requirements 
There are multiple combinations of TCI state switching, the scope has to be established before proceeding with the actual requirements
Issue 2-2: TCI State Switching Scope
· Proposals
· Option 1: 
· single TCI to dual TCI
· dual TCI to dual TCI
· dual TCI to single TCI
· Option 2: Other combinations
· Recommended WF
· Option 1

Sub-topic 2-3
[bookmark: _Hlk127963654]TCI State Switch Triggering Method
TCI state switch can be triggered in different ways, the target for the requirements has to be discussed/agreed
Issue 2-3: Triggering Method
· Proposals
· Option 1: Discuss all 3 triggering methods: DCI/MAC-CE/RRC
· Option 2: Discuss only a subset as there is no need for all 3
· Recommended WF
· TBA
If Option 2 is preferred, please provide a concrete proposal on which methods should be further discussed

Sub-topic 2-4
Handling of known/unknown TCI states
Requirements can be defined for both known and unknown TCI states, it should be discussed whether all possible combinations should be in scope or only a subset
Issue 2-4: Known/Unknown State Handling
· Proposals
· Option 1: Introduce requirements only for known TCI states (discuss separately how to define known)
· Option 2: Introduce requirements for both known/unknown(including combinations of known and unknown)
· Recommended WF
· Option 1
Option 2 will result in many combinations and prolong the discussions.
Sub-topic 2-5
Known condition definition
At least requirements for known case are very likely to be defined, the known definition has to be discussed
Issue 2-5: Known TCI state definition for dual TCI
· Proposals
· Option 1: Target TCI state was included in a group report
· Option 2: Target TCI state was reported previously
· Option 3: Other
· Recommended WF
· TBA

Sub-topic 2-6
SFN PDCCH handling
It should be established whether PDCCH SFN should be in scope or not
Issue 2-6: SFN PDCCH Handling
· Proposals
· Option 1: Do not discuss PDCCH SFN
· Option 2: include PDCCH SFN in the discussions
· Recommended WF
· Option 1
PDCCH SFN is not specific to this WI, it would be more straightforward to treat it in HST



Topic #3: Receive Time Difference
Papers related to RTD for simultaneous reception are included in Section 3.1.The list of open issues is based on the observations and proposals from different companies. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2300106
	Qualcomm Incorporated
	Observation 1: Dual Rx beam based simultaneous DL and selective UL supports for mTRP will suffer if MRTD is not properly limited.
Observation 2: Relaxing MRTD does not provide much system gain for simultaneous DL reception from different directions with different QCL TypeD RSs on a single component carrier because the two TRPs won’t be well separable in terms of angle of arrival in the region of the additional coverage.
Proposal 1: Arrival timing difference between mTRPs shall not be larger than CP/2 (292 ns in 120kHz SCS) to preserve UE beam switching margin without causing interruptions, upon the UE beam switching, across TRPs.

	R4-2300273
	Apple
	Observation 1: Discussing the case where receive timing difference is larger than CP is not in the scope of this WI.
Proposal 1: The receive timing difference between different directions, which is applicable to simultaneous data reception, simultaneous L1 measurements, and possibly simultaneous data reception and L1 measurements, is within CP in R18.
Proposal 2: Whether UE should support receive timing difference larger than CP as an optional capability can be part of R19 scope discussion when RAN starts to discuss the R19 RAN4 package.

	R4-2300455
	Samsung
	Observation 1: In RAN1 Rel-15/16/17 multi-TRP transmission schemes and in current Spec. TS 38.822, it is assumed that UE receives DL transmission from MTRPs within a CP.
Observation 2: For UE supporting simultaneous DL reception from different directions, e.g. AoA1 and AoA2 are in discriminated directions, independent RX chain and BB processing is of necessity to support two distinct AoAs.
Proposal 1: From 4-layer MIMO simultaneous reception perspective, UE shall assume the RTD between signals from two TRPs arriving at the UE is within a CP.
Proposal 2: For multi-RX simultaneous reception perspective, RTD within CP can be assumed as the baseline, while RTD>CP can be supported as an optional UE capability.  
Proposal 3: The RTD requirement shall not to be restricted to 4-layer MIMO. If the UE has multi-RX simultaneous reception capability, it can indicate whether the RTD between different directions can be larger than CP length as an additional capability. Otherwise, the RTD at the UE is assumed to be within CP.

	R4-2300465
	Intel Corporation
	Proposal 1: For intra-cell mTRP, don’t define requirement when timing offset is larger than CP.
Observation 1: Data+RS for L3 measurement is also inter-cell mTRP scenario. We don’t have timing offset requirement for SSB based L3 measurement.
Proposal 2: For L3 measurement based inter-cell mTRP, further discuss whether to define requirements with timing difference larger than CP.

	R4-2300527
	Nokia, Nokia Shanghai Bell
	Observation 1: To support more flexible deployments of multi-TRPs, a multi-RX UE could support a larger ∆Tprop, thereby relaxing the “MRTD strictly within CP” requirement.
Observation 2: Being able to handle MRTD beyond CP is important for deployments of distributed multi-TRPs in mobility scenarios.
Observation 3: Multi-Rx UEs are expected to have Independent Beam Management (IBM) capability to support multi-TRP scenarios and RRM measurement enhancements.
Proposal 1: For multi-RX, multi-TRP operation, consider propagation delay difference is within CP as baseline, and consider propagation delay difference larger than CP is supported as optional UE capability.
Proposal 2: For multi-Rx UE not supporting RTD>CP, consider MRTD=CP.
Proposal 3: For multi Rx UEs supporting RTD>CP, consider MRTD=8 us.

	R4-2300914
	Xiaomi
	Observation 1: No larger than CP is still the baseline assumption.
Observation 2: The larger the CP is currently an optional UE capability.
Observation 3: The Rel-18 MIMO-e WID is discussing this issue.
Proposal 1: It is proposed to still use the no larger than CP as the baseline assumption to derive requirements in for Rel-18 multi-RX WID.
Proposal 2: Further check the larger than CP requirement after the baseline requirement is defined and the capability is well defined.

	R4-2300943
	LG Electronics Inc.
	Proposal 1: In this WI, the baseline assumption for RRM requirements should be that receive timing difference is within CP
Proposal 2: If RAN4 will consider receive timing difference larger than CP, it should be discussed in RAN1 first.

	R4-2301045
	MediaTek inc.
	Observation 1: For receiving signals with timing difference > CP by 2 antenna modules, the number of the FFT modules, timing estimation/tracking/compensation also need be doubled.
Proposal 1: The timing difference between different antenna modules is at least within one CP.

	R4-2301331
	vivo
	Observation 1: Receive timing difference should be within CP for procedures related to supporting 4-layer MIMO in FR2. 
Observation 2: Receive timing difference is NOT necessarily within CP for simultaneous L1 measurements and simultaneous reception of CSI-RS and PDCCH/PDSCH for multi-Rx chain UE in FR2. 
Observation 3: UE complexity is highly increased if receive timing difference larger than CP is considered. 
Proposal 1: Receive timing difference for simultaneous reception of PDCCH/PDSCH is within CP. 
Proposal 2: Receive timing difference for simultaneous L1 measurements and simultaneous reception of CSI-RS and PDCCH/PDSCH for multi-Rx chain UE in FR2 can be larger than CP. MRTD is FFS.

	R4-2301411
	ZTE Corporation
	Proposal 1: The case of receiving timing difference within CP should be baseline for simultaneous multiple reception from different directions.
Proposal 2: If inter-cell mTRP is decided to be included in this WI, then the possibility of the receiving timing difference larger than CP exists. 
Proposal 3: From the perspective of UE architecture, based on the assumption of independent RF chain and BB for multi-panel case, not applying any restriction on receiving timing difference is feasible.
Proposal 4: The total receiving timing difference can be seen as a trade-off between BS TAE and propagation delay difference. So as to control the total value, then smaller BS TAE should be guaranteed if not restrict the deployment of inter-cell scenario.

	R4-2301813
	Huawei, HiSilicon
	Observation 1: Optional UE capability for Rx timing difference larger than CP was agreed in RAN1.
Observation 2: The applicable scenario of RTD larger than CP need further investigation in terms of sDCI/mDCI, intra-cell/inter-cell and combinations for receiving signals (e.g. type of RS for L1-measurment, L1-measurement and data)
Proposal 1: RAN4 to consider defining requirements with timing difference larger than CP, and the applicable scenario needs further investigation in terms of sDCI/mDCI, intra-cell/inter-cell and combinations of receiving signals.

	R4-2301899
	Ericsson
	Proposal 1: Receive time difference for configured different QCL Type D RSs is not larger than CP for intra-cell.
Observation 1: Any subsequent development can be done in the 3GPP Rel-18 MIMO Evolution for Downlink and Uplink WI. 
Observation 2: If and when we do inter cell then maximum propagation delay difference MRTD, will have to be larger than CP where .



Open issues summary
MRTD for simultaneous reception is still under discussion. Below only the MRTD for simultaneous data (PDSCH+PDSCH) reception is discussed. MRTD for simultaneous measurements+ data or other cases can be discussed if such a scheme is agreed upon.
Sub-topic 3-1
MRTD for simultaneous data reception
There are different proposals on how large the MRTD should be such that the UE can perform data reception from different directions. Most companies have a proposal that is the baseline capability. There are also proposals to discuss/define a separate capability with larger MRTD, that is discussed in Issue  3-2.
Issue 3-1: Baseline MRTD for simultaneous data reception
· Proposals
· Option 1: MRTD should be smaller than CP/2
· Option 2: MRTD should be smaller than CP
· Recommended WF
· Option 2

Sub-topic 3-2
Handling of MRTD larger than CP 
Multiple companies proposed to handle MRTD>CP separately than the “baseline” in Sub-topic 3-1. There are different proposals on how to handle this case, if at all.
Issue 3-2: Handling MRTD > CP
· Proposals
· Option 1: Do not discuss in this WI
· Option 2: Introduce an optional capability 
· Option 3: Wait for RAN1 discussion on Rel-18 MIMO evolution until details are clear
· Recommended WF
· TBA
There are different opinions on this issue and it seems difficult to achieve consensus without more discussion on several details


