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1 	Introduction
According to WF [1] and discussion summary [2], RAN4 had some agreements in the last meeting while some issues were discussed without conclusion yet. In this meeting, this WI is divided into six agenda items to be discussed: (1) general issues, (2) L1 measurement, (3) RLM/BFD/CBD, (4) scheduling/measurement restriction, (5) dual TCI state switching and (6) receive timing difference. The discussion in this paper focus on the “general issues”. 
2 Discussion
In the following sections, below topics are discussed sequentially.
· Basic assumption
· Scenario
· Signalling and UE capability
· L3 measurement

2.1 Basic assumption
In this topic, the following three issues are further studied. 
(1) RRM impact of the UE behaviour using a single antenna module
(2) Beam management
(3) RRM impact of group-based beam reporting for simultaneous reception

2.1.1 RRM impact of the UE behaviour using a single antenna module
The corresponding discussion [2] for this issue is provided below.
	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 1-1-9a: Rx beam assumption for “simultaneous reception”
· 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.


To us, in R18 multi-Rx chains WI, RAN4 should only define the requirement for the case when two signals with two different QCL Type D RSs are received by using two active UE Rx antenna modules. For the case when UE uses one antenna module to receive the signals, the legacy requirements will be applied by default (E.g., one beam is applied at a time and sharing factor should be considered). And how to identify the case is two active antenna modules or one active antenna module may depend on the AoA side condition in RF session, prerequisite conditions in RRM sessions and UE implementations. If the RRM session wants to deal with spatial MIMO with one antenna module, it is better to clarify the expected impact first, e.g., on measurement/scheduling restriction. To focus on the objective of WI, we should discuss the RRM impact about two signals with two different QCL Type D RSs are received by using two active UE Rx antenna at first. So, we suggest the following proposal:
[bookmark: _Ref131699614]Proposal 1: The discussions of simultaneous reception by two active UE Rx antenna modules should be prioritized over that of single active antenna modules in R18 multi-Rx chains WI.

2.1.2 Beam management
In previous meeting, some companies thought the principle of independent beam management (IBM) can be reused for R18 multi-Rx chains WI. The corresponding discussion [2] is provided below.
	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.


As other companies’ commented in previous meeting, IBM is for inter-band CA scenario. However, the scenario considered in R18 multi-Rx chains WI is for single component carrier. IBM may supports independent beam control by separate RF chains even if they are in the same panel. This is already a very fundamental difference to the multi-RX RF architecture in this WI. So, based on this observation, we do not think the same logic as IBM can be reused for R18 multi-Rx chains WI.
[bookmark: _Ref131699618]Proposal 2: Not to use the principle of independent beam management to define the requirement for R18 multi-Rx chains WI. Instead, RAN4 to directly discuss individual detailed requirements.

2.1.3 RRM impact of group-based beam reporting for simultaneous reception
The corresponding discussion [2] for this issue is provided below.
	Issue 1-2-7a: RRM impact of group-based beam reporting for simultaneous reception
· 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.


In our understanding, we can divide the UE behavior into two cases for Rel-17 group-based beam reporting to discuss related RRM impact. 
1. Before UE send Rel-17 group-based beam reporting instance to NW.
2. After UE send Rel-17 group-based beam reporting instance to NW.
For the case 1, even UE itself does not know whether there is any chance to turn on multiple Rx chains. Therefore, by default we can assume UE will only turn on one active antenna module to measure a reference signal at a time. The legacy scheduling/measurement restriction is applied for case 1 even the two reference signals (RSs) arrive at the same time. Once UE finished measuring two RSs from two TRPs, it will send a Rel-17 group-based beam reporting instance to NW.
For case 2, since group-based report has been sent to network, UE may already turn on two active antenna modules to be ready for simultaneous reception from two TRPs. However, it doesn’t mean RAN4 has to enhance some RRM requirements in all cases. E.g., in some cases, relax measurement/scheduling restriction may still be needed. These details of RRM impact could be discussed in other agenda items. 
[bookmark: _Ref134026840]Proposal 3: UE behavior can be different before and after reporting group-based beam reports to network. Before sending any group-based beam report, RAN4 should not assume UE to start any enhanced measurement behavior.

In addition, we do not see any specific requirements for Rel-17 group-based beam reporting should be introduced for multi-RX operation. We think RAN4 could reuse L1-RSRP measurement requirements for Rel-17 group-based beam reporting as a baseline. At least, the group-based beam measurement delay is the same as legacy L1-RSRP requirement. The only difference is that Rel-17 group-based beam reporting should include two RSs with two different QCL Type D in single report instance. So, UE sends Rel-17 group-based beam reporting only after the measurement of two RSs with two different QCL Type D received by active UE Rx antenna modules are finished. In other words, the measurement delay requirements should be extended to accommodate the longer delay of any of the 2 RS.
[bookmark: _Ref134026843]Proposal 4: The measurement delay requirements of group-based beam report should be extended to accommodate the longer delay of any of the 2 RS.

2.2 Scenario
In this topic, following four issues are further studied. 
(1) Detectable condition
(2) Indication of multi-Rx operation 

2.2.1 Detectable condition
[bookmark: _Hlk127446123]As below, there is one open issue regarding detectable condition in the last meeting. 
	Issue 1-3-3: Detectable condition of RS signals
· 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.


UE may take the other RS (E.g., SSB) which is in the same TCI chain as the tracking RS to perform UE Rx beam selection. Therefore, it would be more reliable if all RSs in the same TCI chain remain detectable during the entire measurement and evaluation period. Furthermore, as same QCL Type-D means that the 2 RS are transmitted from the same Tx spatial filter, we tend to believe that the detectability should be the same for all RS in the same TCI chain. So, the following proposal is suggested.
[bookmark: _Ref131708772]Proposal 5: For detectable condition, all RSs in the same TCI chain for the target TCI state should remain detectable during the entire measurement/evaluation/TCI state switch period.

2.2.2 Indication of multi-Rx operation
The corresponding discussion [2] is provided below.
	Issue 1-2-5a: Whether and how 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 1-2-5: Indication of multi-Rx operation
· 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.


As we know, some companies want to extend UEAssistanceInformation to support the indication of multi-RX operation. Before discussing the extension of UEAssistanceInformation or new mechanism for the indication of multi-RX operation, we should discuss and check whether any legacy mechanism is enough or not for multi-RX operation. In our understanding, there are many approaches for UE explicitly or implicitly to tell network whether UE now has to fall back to single panel, e.g., through RI report, imbalanced group-based L1-RSRP report or UEAssistanceInformation. 
One very obvious example is that when the 2 reported RSRP values are very imbalanced (e.g., -70dBm and -140dBm), we believe that network should be smart enough to ask UE to fallback to single Rx reception, rather than keep using multiple Rx. Besides, we can reuse legacy OverheatingAssistance or maxMIMO-LayerPreference-r16 mechanism defined in TS38.331 to indicate NW to cancel the multi-RX operation by remove group-based configuration. E.g., If UE has preference or encounter overheating problem when perform simultaneous DL reception, it can notify NW about the reduced number of DL MIMO layer from 4 to 2 via OverheatingAssistance or maxMIMO-LayerPreference-r16 IEs in UEAssistanceInformation. Then NW could stop simultaneous DL transmission further and even remove Rel-17 group-based configuration. 
[bookmark: _Ref134023275]Proposal 6: RAN4 to discuss whether the following legacy mechanism is enough for the indication of multi-RX operation.
1. RI report (from rank 4 to 2).
2. UE reports imbalanced group-based L1-RSRP report.
3. UE indicates reducedMIMO-LayersFR2-DL (from 4 to 2 layer) in UEAssistanceInformation.
Base on above information from UE to NW, whether NW can request UE to fallback from multi-Rx operation to single Rx.

2.3 signalling and UE capability
In this topic, following three issues are further studied. 
(1) Capability simultaneousRxDataSSB-DiffNumerology
(2) Capability for supporting RTD > CP

2.3.1 Capability simultaneousRxDataSSB-DiffNumerology
There is another one open issue regarding UE capability simultaneousRxDataSSB-DiffNumerology in the last meeting. The corresponding requirement is provided as below for reference.
Content extracted from TS 38.306 [3]
	simultaneousRxDataSSB-DiffNumerology
Indicates whether the UE supports concurrent intra-frequency measurement on serving cell or neighbouring cell and PDCCH or PDSCH reception from the serving cell with a different numerology as defined in clause 8 and 9 of TS 38.133 [5].
	UE
	No
	No
	Yes


In legacy RRM requirement, this UE capability is used only for FR1 when UE considers measurement/scheduling restriction. In FR2, we will additionally consider the rough/fine beam difference when receiving SSB and data simultaneously. The scheduling restriction is applied regardless of same or different SCSs. As this WI [4] is target at FR2 UE, we think no need to specify new capability for multi-RX chain in FR2 when consider different RS/scenario. 
[bookmark: _Ref131708778]Proposal 7: No need to specify new mix-numerology capability for multi-RX chain in FR2 when consider simultaneous SSB and data reception.

2.3.2 Capability for supporting RTD > CP
The corresponding discussion [2] is provided below.
	Issue 1-4-6: UE capability for supporting RTD>CP
· Proposals
· Option 1(Nokia): 
· RAN4 to reuse UE capability to be defined as part of NR_MIMO_evo_DL_UL for UE capable of supporting RTD>CP as part of the multi-Rx work.
· Recommended WF
· Needs further discussion.


From summary report [5]NR_MIMO_evo_DL_UL, RAN1 sent LS (R1-2205593) to RAN4 in RAN1#109 meeting. In RAN4#104-bis-e meeting, the reply LS (R4-2217279) is approved and sent to RAN1. 
In the reply LS:
	RAN4 thanks RAN1 for the LS on maximum uplink timing difference between the two TAs for multi-DCI multi-TRP with two TAs. After RAN4 further discussion, following values are agreed as MTTD values.
For a UE capable of supporting Receive Time Difference (RTD) > CP, MRTD/MTTD value for FR1 is 33/34.6 µs and MRTD/MTTD value for FR2 is 8/8.5 µs.
For a UE not capable of supporting RTD>CP, MTTD is within (CP + M1 µs) for FR1 and MTTD is within (CP + M2 µs) for FR2. Where M1 and M2 are FFS in RAN4.


Below agreement is on WF [6] R18 NR MIMO RRM requirements. For the UE do not support RTD > CP, MRTD = CP.
	<Agreement >
 
Issue 1-1-2: How to specify new MRTD requirements for UE not supporting RTD>CP?
Agreement: 
· For UE not supporting RTD>CP MRTD = CP



Based on above discussion, we know RTD > CP could be as an optional UE capability in MIMO evo WI. However, we want to emphasize that the WI objective of MIMO evo is different to this Multi-RX WI. 
In Multi-RX, we focus on DL 4-layer MIMO from two direction of different QCL type D from multiple TRP.
In MIMO evo, we don’t mention if UE should support UL 4-layer MIMO, at least for PC3. In addition, the scenarios/assumption are different between Multi-RX and MIMO evo. E.g., MIMO evo may support both intra-cell and inter-cell mTRP but Multi-RX only support intra-cell mTRP in R18. Therefore, we prefer not to discuss RTD > CP for this WI in R18, as below proposal.
[bookmark: _Ref131708780]Proposal 8: Not to discuss RTD > CP for multi-RX WI in R18.

2.4 L3 measurement
According to the latest WID [4] as below, our understanding is RAN4 should focus on non L3 measurement related requirement until any update in RAN #100.
	· Introduce necessary requirement(s) for enhanced FR2-1 UEs with simultaneous DL reception from different directions with different QCL TypeD RSs on a single component carrier
· Enhanced RRM requirements:
· The following requirements should be studied and specified if necessary:
· L1-RSRP measurement delay
· RLM and BFD/CBD requirements
· Scheduling/measurement restrictions
· TCI state switching delay with dual TCI
· Receive timing difference between different directions (different QCL Type D RSs)

NOTEs:
· The case of single TCI is handled as a second priority. Additional aspects related to single TCI can be further revisited.
· The work on L3 measurement related aspects for scheduling/measurement restriction requirements is not precluded.
· Further check in RAN #100 whether to include other L3 measurement related aspects and objectives subject to RAN4 progress.


There’re some issues discussion related to L3 measurement
	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 3-1-3: Conditions/cases that scheduling restriction for L3 measurements can be relaxed for multi-Rx
· 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


For issue 1-2-9, We think L1 measurement related requirement is the high priority task for multi-Rx WI. So, L3 related measurement requirement could be discussed until L1 measurement requirement is done. So, the following proposal is suggested.
[bookmark: _Hlk134022768][bookmark: _Ref131708781][bookmark: _Ref131708962][bookmark: _Hlk130903489]Proposal 9: RAN4 to focus on L1 measurement requirement as the high priority task in this WI.

For issue 3-1-3, L3 measurement is needed for UE to do antenna module selection. (or antenna module sweeping). Removing the scheduling restriction means UE will never have a chance to try a different antenna module for L3 measurement. This will cause a big issue when UE starts to move or rotate. Therefore, we support Option 4 and 5 and the following proposal is suggested.
[bookmark: _Ref134023007]Proposal 10: Scheduling restriction for L3 measurements cannot be enhanced for multi-RX operation because UE should always be allowed to perform antenna module selection.

3 Summary
[bookmark: _Hlk94866332]In this paper, the discussion of R18 multi-Rx chains is provided. We have the following proposal:
Proposal 1: The discussions of simultaneous reception by two active UE Rx antenna modules should be prioritized over that of single active antenna modules in R18 multi-Rx chains WI.
Proposal 2: Not to use the principle of independent beam management to define the requirement for R18 multi-Rx chains WI. Instead, RAN4 to directly discuss individual detailed requirements.
Proposal 3: UE behavior can be different before and after reporting group-based beam reports to network. Before sending any group-based beam report, RAN4 should not assume UE to start any enhanced measurement behavior. 
Proposal 4: The measurement delay requirements of group-based beam report should be extended to accommodate the longer delay of any of the 2 RS. 
Proposal 5: For detectable condition, all RSs in the same TCI chain for the target TCI state should remain detectable during the entire measurement/evaluation/TCI state switch period.
Proposal 6: RAN4 to discuss whether the following legacy mechanism is enough for the indication of multi-RX operation.
1. RI report (from rank 4 to 2).
2. UE reports imbalanced group-based L1-RSRP report.
3. UE indicates reducedMIMO-LayersFR2-DL (from 4 to 2 layer) in UEAssistanceInformation.
Base on above information from UE to NW, whether NW can request UE to fallback from multi-Rx operation to single Rx.
Proposal 7: No need to specify new mix-numerology capability for multi-RX chain in FR2 when consider simultaneous SSB and data reception.
Proposal 8: Not to discuss RTD > CP for multi-RX WI in R18.
Proposal 9: RAN4 to focus on L1 measurement requirement as the high priority task in this WI.
Proposal 10: Scheduling restriction for L3 measurements cannot be enhanced for multi-RX operation because UE should always be allowed to perform antenna module selection.
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