3GPP TSG-RAN WG4 Meeting #106-bis-e	R4-2306318
Electronic Meeting, 17th ‒ 26th April, 2023
Title: 	WF on NR FR2 multi-Rx chain DL reception RRM requirements (part 1)
Agenda Item:	5.8.5
Source: 	vivo
Document for:	Approval
1 Topic #1: General aspect
1.1 Sub-topic 1-1: Scope and scenarios
Issue 1-1-2: Single (component) carrier for defining RRM requirements
<Agreement >:
· Deprioritize discussions on RRM requirements for CA/DC scenarios till single carrier requirements are completed.

Issue 1-1-5: Spatial MIMO (either spatial diversity or spatial multiplexing) by using one panel
<Agreement >:
· Spatial MIMO (either spatial diversity or spatial multiplexing) by using one panel to receive two independent signals from the same or nearly the same direction is not further discussed in RRM session.
· Note: It can be revisited in case any RRM impact is identified.

Issue 1-1-9: Scenarios/assumption for “simultaneous reception”
<Agreement >:
· Scenarios for mTRP simultaneous reception is to be covered as part of scheduling restrictions/measurement restrictions, L1 measurement, and TCI state switching agenda items

Issue 1-1-9a: Rx beam assumption for “simultaneous reception”
<Way forward >:
· Proposals
· Option 1:
· RAN4 to discuss whether to consider the case of simultaneous reception with a single Rx beam from multiple TRPs.
· Option 2: 
· Multiple TRP transmission with simultaneous multi-panel reception should be prioritized in this WI, RAN4 shall strive to define scenarios for “simultaneous reception” based on different TRPs operation.

1.2 Sub-topic 1-2: RRM requirements impact
Issue 1-2-5a: Whether to define power saving related requirements
<Agreement >:
· No power saving specific requirements, e.g., L1 measurements relaxation for multi-Rx operation, are considered in the WI.

Issue 1-2-1: Definition of “simultaneous reception”
<Way forward >:
· Proposals
· Option 1: 
· Definition of simultaneous reception from a baseband receiver perspective should be covered in Demod discussions, and from antenna panel perspective it should be covered in RF discussions.
· Option 2: 
· Two signals are considered to be received simultaneously, if their instances are received in the same or overlapping OFDM symbols, which may occur in one, some, or all signal occasions during their measurement or evaluation period. 
· NOTE 1: Only that two measurements are performed in parallel does not directly imply that the RSs are received simultaneously, e.g., two parallel measurements can be based on two RSs whose occasions do not even overlap and which therefore are not received simultaneously.
· Minimum overlap of RS occasions: The minimum amount of overlap needed for multi-rx requirements to apply is TBD (e.g., full overlap, partial overlap, at least X% of overlapping RS occasions during the measurement period, etc.).
· Option 3: 
· No need to discuss definition of ‘simultaneous reception’. The condition can be discussed during CR phase

Issue 1-2-2: UE architectures
<Agreement >:
· Multi-Rx architecture impact to RRM requirements can be considered on a case-by-case basis, if needed

Issue 1-2-3: Beam management related
· Proposals
· Option 1: (Nokia, ZTE)
· •	RAN4 to define requirements assuming Independent Beam Management framework as baseline across multiple Rx chains on the same carrier following agreements from RF on AoA limitation.
· Option 2: (Huawei, LGE, Intel, vivo, Apple, Samsung, Ericsson, MTK, OPPO)
· Not to strive for agreement on the issue, but focus on detailed requirements.

Issue 1-2-5: Indication of multi-Rx operation
< Way forward >:
· Proposals
· Option 1: (Nokia, Huawei, LGE, Intel, ZTE, vivo, Samsung, Apple)
· Introduce mechanism/condition for indication of multi-Rx operation, including on/off indication of multi-Rx operation.
· FFS on mechanism/condition for indication of multi-Rx operation
· Option 2: (MTK, OPPO)
· No new mechanism is needed for UE to fallback from multi-Rx to single Rx.

Issue 1-2-7a: RRM impact of group-based beam reporting for simultaneous reception
<Way forward >:
· Proposals
· Option 1: 
· RAN4 to discuss the conditions under which a group should be reported using Rel-17 GBBR, as part of L1 measurement requirements. 
· Option 2: 
· RAN4 to discuss the Rx beam assumptions (beam in beam pairs for simultaneous reception or best beam for each TRP) when UE turns on multi panels.
· Option 3: 
· No specific new requirements for group-based beam reporting are necessary to be defined and existing L1-RSRP measurement requirements are applicable for group-based beam reporting.
· Option 4: 
· RAN4 to clarify whether simultaneous reception for single TRP is considered.
· When group based reporting is configured, RAN4 to further discuss how to define reporting format for the case that no good beam pair is available.
· Option 5: 
· Group-based beam reporting for simultaneous reception has no impact to RRM measurement accuracy requirements
· Group-based beam reporting for simultaneous reception has impact to RRM L1-measurement period requirements. 
· For UEs support group-based beam reporting capability, the L1-RSRP measurement delay requirement in procedure 6 (Rel-17 group-based reporting procedure) is somehow related to NW configuration
· If groupBasedBeamReporting-r17 = ‘ disabled ‘ , the existing L1-RSRP measurement delay requirements can be reused
· If groupBasedBeamReporting-r17 = ‘enabled’, whether it is necessary to enhance the requirements need further discussion.
· RAN4 need to clarify the applicability of the enhanced L1-RSRP measurement period requirement.

Issue 1-2-9: Priority handling of requirements
· Proposals
· P1: RRM requirements related to supporting FR2 4-layer MIMO has higher priority if there is TU/workload issue.
· P2: To deprioritize L3 measurement related requirement until L1 measurement requirement is done.
· P3: Simultaneous reception of two L3 measurements on different panels/from different directions is not supported in R18 multi-Rx chain WI.  

Issue 1-2-10: Frequent switching
· Proposal
· Option 1: (Ericsson)
· Frequent reconfiguration of the UE between multi-rx and non-multi-rx operation should be avoided, e.g., the important measurements and procedures may need to be completed before the switching.
· Option 2: (Nokia, Huawei, ZTE, vivo, Samsung, MTK)
· No further discussion on frequent switching as it is up to NW implementation.

1.3 Sub-topic 1-3: Applicability and conditions
Issue 1-3-1: Applicability of new requirements to different QCL types
<Way forward >:
· Proposals
· Option 1: 
· Requirements defined for QCL type-D only are also applicable when QCL type D is configured together with QCL type A/C.
· Option 2: 
· Scenarios where QCL type D is configured in combination with QCL type A/C should be also covered by the requirements for simultaneous RS reception.
· FFS: The same RRM requirements for simultaneous RS reception can apply for RS configured with:
· QCL type D,
· QCL type D + QCL type A, or
· QCL type D + QCL type C.

Issue 1-3-3: Detectable condition of RS signals
<Way forward >:
· Proposals
· Option 1: 
· For detectable condition, all RSs in the same TCI chain for the target TCI state should remain detectable during the entire measurement/switch period.
· Option 2: 
· Both RSs and their associated signals in the QCL type D infos are detectable during the entire measurement/evaluation/TCI state switching period.

Issue 1-3-4: Set of conditions to be considered in the L1 measurement requirements
<Way forward >:
· Proposals
· Option 1: 
· Measurement requirements (e.g., L1 or L3) 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 (related to Issue 1-3-3): 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.
· Option 2: 
· RAN4 to not assume UE receives signals/channels from mTRP using simultaneously formed multiple Rx beams when any of the following conditions are not 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 from each TRP, e.g. SNR regime where rank > 2 is expected
· Group-based L1-RSRP measurement is configured based on L3 measurements for the same measurement resources
· Note that the number of UE cell search engines should remain the same, irrespective of the number of active UE Rx beams.

Issue 1-3-5: UE behaviour when a condition (e.g., from the set of conditions in issue 1-3-4) becomes violated during a measurement
<Way forward >:
· Proposals
· Option 1: 
· When at least one of the conditions becomes violated, the UE has to continue receiving the two RSs with a single panel (sequentially), and
· the UE may or may not be able to complete the measurement, e.g.:
· may need to stop and restart (in new conditions) the RS measurements, at least for some of the conditions (e.g., when TCI configuration changes – #2 is violated, PCell changes - #3 is violated).
· continues the RS measurement using a single panel, but more relaxed requirements apply for such measurement, at least for some of the conditions (e.g., when #6 is violated),
· may need to complete the measurement before switching to the operation mode where the condition is violated, at least for some of the conditions (e.g., UE receives CA configuration - #3 is violated).

1.4 Sub-topic 1-4: UE capability
Issue 1-4-1: Clarification/understanding on R16 UE capabilitiy simultaneousReceptionDiffTypeD
<Agreement >:
· It is RAN4 understanding that the R16 UE capability simultaneousReceptionDiffTypeD is only applicable for simultaneous PDSCH reception.

Issue 1-4-2: UE capability for simultaneous reception in Rel-18
<Agreement >:
· The issue is postponed until there is sufficient progress on requirements.

Issue 1-4-3a: UE capability of simultaneousRxDataSSB-DiffNumerology-Inter-r16
<Agreement >:
· No need to discuss simultaneousRxDataSSB-DiffNumerology-Inter-r16 in R18 multi-Rx chains WI

Issue 1-4-3: UE capability of simultaneousRxDataSSB-DiffNumerology
<Way forward >: 
· Proposals
· Option 1: 
· The existing simultaneousRxDataSSB-DiffNumerology IE can be re-used in R18 multi-panel WI.
· Option 2: 
· The existing UE capability simultaneousRxDataSSB-DiffNumerology is feasible if the supporting of concurrent SSB and data are consistent between FR1 and FR2-1. But it should be ultimately determined after the decision of single or multiple UE capabilities are necessary.
· Option 3: 
· No need to specify new mix-numerology capability for multi-RX chain in FR2 when consider simultaneous SSB and data reception.
· Option 4: 
· A new UE capability is needed to support simultaneous reception with mixed numerologies.
· Option 5: 
· The existing UE capability to support mixed numerologies is not directly applicable for multi-RX chain operation with mixed numerologies, hence a new UE capability is needed to support simultaneous reception with mixed numerologies.

2 Topic #2: RLM and BFD/CBD requirements
2.1 Sub-topic 2-1: Cell specific RLM and BFD/CBD
<Agreement >:
· •	No further discussion on TRP specific RLM as there is no such procedure in existing specification..

Issue 2-1-2: Number of samples
<Agreement >:
· For RLM with multi-Rx chain operation, the same number of samples Mout and Min are used as in Rel-17.
· For link recovery with multi-Rx chain operation, the same number of samples MBFD and MCBD are used as in Rel-17.

Issue 2-1-3: PDCCH configuration
<Agreement >:
· For RLM with multi-Rx chain operation, the same PDCCH transmission configuration is used as in Rel-17.
· For link recovery with multi-Rx chain operation, the same PDCCH transmission configuration is used as in Rel-17.

Issue 2-1-1: Cell specific RLM requirements enhancement for multi-Rx
<Way forward >: 
Company may bring analysis on cell specific RLM requirements for multi-Rx in the next meeting, taking GTW agreements on faster beam sweeping into consideration.

Issue 2-1-1a: Cell specific BFD/CBD requirements enhancement for multi-Rx
<Way forward >: 
Company may bring analysis on cell specific BFD/CBD requirements for multi-Rx in the next meeting, taking GTW agreements on faster beam sweeping into consideration.

Issue 2-1-4: Evaluation period requirements
<Way forward >: 
· Proposals
· Option 1:
· RAN4 need to investigate the applicability of the evaluation period scaling factor P in multi-Rx WI.
· Option 2:
· For multi-rx operation, the RLM evaluation periods (in-sync and out-of-sync) are enhanced with a new scaling parameter L.
· For multi-rx operation, the BFD evaluation period is enhanced with a new scaling parameter L.
· For multi-rx operation, the CBD evaluation period is enhanced with a new scaling parameter L

2.2 Sub-topic 2-2: TRP specific RLM and BFD/CBD
Issue 2-2-1: TRP specific BFD/CBD requirements enhancement for multi-Rx
<Way forward >: 
· Proposals
· Option 1: 
· Consider PTRP=1 for the TRP specific BFD/CBD requirements for multi-Rx operation.
· Option 2: 
· Reuse R17 TRP specific BFD/CBD requirement for multi-RX operation.

Issue 2-2-2: Whether to enhance TRP specific CBD procedure
<Way forward >: 
· Proposals
· Option 1: 
· It is proposed to clarify if the issues as in R4-2304133 should be addressed to ensure system performance. Accordingly, the necessary requirements can be defined to ensure the expected UE behavior
· Option 2:
· RAN4 to discuss the motivation of CBD first when beam failure happens during simultaneous reception.
· If UE fall back to single TRP, no CBD is needed.
· If UE fall back to TDM based mTRP, legacy TRP specific requirement can be used as baseline. FFS any update.
· If UE will continue simultaneous reception after CBD, the new TX beam needs to guarantee that the beam pair quality is good, i.e. will not broke the link of another panel. Requirement update is needed.
· Option 3:
· RAN4 to discuss what to do for TRP specific CBD procedure to avoid newly detected candidate beam from TRP#1 turns out cannot form a good beam pair with existed beam from TRP#2.
· Option 4
· RAN4 to not consider simultaneously formed multiple UE Rx beam based RLM and BFD/CBD on multiple resources from two TRPs.


3 Topic #3: Scheduling/Measurement restrictions
3.1 Sub-topic 3-1: Scheduling restriction
[bookmark: _Hlk127989931]Issue 3-1-1: Conditions/cases that scheduling restriction for L1 measurements can be relaxed for multi-Rx
<Way forward >: 
Company is encouraged to bring analysis on high-level principle in the next meeting.

Issue 3-1-3: Conditions/cases that scheduling restriction for L3 measurements can be relaxed for multi-Rx
<Way forward >: 
· Proposals
· Option 1: 
· For scheduling restriction for L3 measurement, if UE supports multi-Rx chain and the multi-Rx chain is enabled: 
· if the spatial separation is large enough between the RS for L3 measurement and the CSI-RS for TCI of PDCCH or PDSCH, no scheduling restriction shall be applied on this L3 measurement occasions. 
· UE may need to indicate scheduling restriction information to network. Details of indication and signaling can be FFS, and needs more conclusions from RF session.
· Option 2: 
· Reuse existing scheduling restriction for L3 measurement based on multi-Rx chain scenario in this release. 
· Option 3: 
· For L3 measurement, once the UE and NW achieve alignment on the Rx beam sweeping pattern between multiple panels, simultaneous L3 measurement and data reception is feasible given that the RS used for L3 measurement and data are transmitted from different TRPs. Therefore, the scheduling restriction on L3 measurement can be partially relaxed.
· Option 4: 
· Scheduling restriction requirements for L3 measurements without gaps cannot be enhanced for multi-Rx UE.
· Option 5: 
· For R18 multi-Rx DL receptions, it is suggested not to consider simultaneous data reception and L3 measurement, and the existing scheduling restrictions requirements due to L3 measurements still need to be applied.
· Option 6a:
· For multiRx UEs, during L3 measurements, scheduling restrictions can be relaxed during the SMTC by temporarily reducing to only 1 indicated TCI state (instead of 2), i.e. reduction of 4-layer to 2-layer.
· Option 6b:
· RAN4 to define requirements where 1 TCI state is expected to be available for data while another is unavailable for measurements during an SMTC occasion.
· Option 6c:
· RAN4 to define requirements where TCI state with lower RSRP or QCI is unavailable in more SMTC occasions than TCI state with higher RSRP or QCI.
· Option 6d:
· RAN4 to define a rule based on SFN to determine which TCI state is experiencing scheduling restrictions.
· Option 6e:
· Determine scheduling restrictions based on the following rule:
· If mod(ISMTC, L+M) < M, Scheduling restrictions apply for TCI #2 and TCI#1 have no scheduling restrictions, otherwise scheduling restrictions apply for TCI #1 and TCI#2 have no scheduling restrictions
· Where ISMTC = SFN*10ms/TSMTC it he SMTC index
· L and M are the number of SMTC occasions used for TCI#1 and TCI#2, which are termined as
· L=6 and M=2 is RSRP_1-RSP_2 > X dB
· L=2 and M=6 is RSRP_2-RSRP_1 > X dB
· L=M=4 otherwise

3.2 Sub-topic 3-1: Meaurement restriction
Issue 3-2-1: Conditions/cases that measurement restriction for L1 measurements can be removed for multi-Rx
<Way forward >: 
Company is encouraged to bring analysis on high-level principle in the next meeting.
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