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1. Introduction
This contribution summarizes discussion aspects of NR RLM based on submitted contributions to RAN1 #93 and offline discussion that took place during the meeting week of RAN1 #93..
The GREY highlighted sections are issues that has been resolved.
The BLUE highlights are issues that contain suggested conclusion/proposal.
The YELLOW highlights are issue that require discussion.

2.  Summary of Key Issues for RLM

2.1 Relationship between RLF and BFD and BFR [1][2][5][7][8][11][12]
The relationship between RLM and beam management has been discussed in previously meeting. No conclusions has been made due to de-prioritization of the issue. However, beam failure detection and RLM are based on the same fundamental measurement and could be potentially measured from the same set of RSs. There are several discussion aspects on this issue from several contributions. The following are agreement from RAN2 regarding RLF and BFR, which may be relevant for RAN1 discussion.
· Agreement from RAN2 #101bis

Agreements:
1:	No aperiodic indication of a successful beam recovery will be reported to RRC.
2:	BFR failure will result in a RACH failure reported to RRC and will trigger RRC to perform either re-establishment or SCG failure. This is already the behaviour according to the current MAC and RRC specs (nothing extra to specify)

Continue further discussion the following proposals:
· NR supports UE aperiodic indication from beam failure recovery procedure to high layers to assist the RLM procedure. 
· Supported by Huawei, HiSilicon
· When beam failure recovery is successful, the RS for new candidate beam identification successfully recovered in the beam failure recovery procedure or RLM-RS QCL-ed with RS for new candidate beam identification successfully recovered in the beam failure recovery procedure should be used for RLM.
· Supported ZTE, Sanechip
· Do not introduce any additional interaction between RLM/RLF and beam failure detection/beam recovery considering the recent RAN2 agreement.
· Supported by Ericsson
· Higher layer indication of BFR status is not introduced in Rel.-15
· Supported by LGE
· RAN2 already concluded on the aperiodic indication based on BFR.
· Observed by Samsung
· No aperiodic IS or OOS indication based on successful/unsuccessful beam failure recovery is supported in Rel-15. Further enhancement can be considered in Rel-16.
· Supported by NTT Docomo
· RAN1 does not define any additional aperiodic indications for BFR than already agreed by RAN2
· Supported by Nokia, NSN

Suggestion from feature lead:
· No aperiodic IS or OOS indication based on successful/unsuccessful beam failure recovery is supported in Rel-15.


2.2 Relationship between RLM-RS and serving PDCCH monitoring [1][2][3][5][6] [8][9][12][14] 
If configured RLM-RS do not reflect Tx beam that could be potentially used by transmitting control and data signals, it can potentially cause fail to activate RLF in a proper manner. Additionally, RAN2 has agreed on use of TCI states for RLM when RLM-RS is not configured. The RAN2 agreements are as follows:
	Agreements
1	Introduce one list of RSs and indicate for each whether it is used for beam- and/or cell-RLM. 
1a	 If no RSs are provided for Beam-Monitoring, the UE performs Beam-Monitoring based on the TCI-State for PDCCH (as agreed by RAN1)
2	If no RSs are provided in this list at all (neither for Cell- nor for Beam-RLM), the UE performs Cell-RLM based on TCI-State of PDCCH

	Agreements
=>	If RS for beam failure detection are explicitly configured then RSs for RLM are always explicitly configured by the network



Based on RAN2 agreements, RAN1 has made further agreements as follows:
	Agreements in RAN1 #92bis:
· Further clarification of RAN2 agreement (will require additional physical layer text proposals):
· Working assumption: If the TCI-states refer to CSI-RS for tracking, it is up to UE to select a NZP-CSI-RS resource from the configured resources for CSI-RS for tracking for RLM
· FFS on the UE behavior when TCI-states indicate a combination of SSB, CSI-RS, and CSI-RS for tracking




Continue further discussion on the following proposals:
· When TCI-states indicate a combination of SSB, CSI-RS and CSI-RS for tracking, UE should use all the types of indicated RSs for RLM.
· Supported by Huawei, HiSilicon
· UE should select the RS in the TCI state of PDDCH based on its QCL type when TCI state indicates a combination of SSB, CSI-RS, and CSI-RS for tracking. (Text proposal is available in [2])
· Supported by ZTE, Sanechip
· Further clarification is needed that, if TCI state refers to RS that is transmitted out of the frequency range of the active BWP, the RS cannot be used as the RLM-RS.
· Supported by Vivo
· In case that RLM-RS is not explicitly configured, the following UE behavior should be adopted
· if the TCI states refers to two different RSs, the RS in the active BWP that is configured ‘QCL-TypeD’ with DM-RS of CORESET should be used for RLM,
· if there is no ‘QCL-TypeD’ RS configured, or the ‘QCL-TypeD’ RS is outside the frequency range of active BWP, UE can select RS with other QCL-Type(TRS) in the active BWP to perform RLM,
· if all RS(s), which TCI-states of a CORESET refers to, were transmitted outside active BWP, UE would not perform RLM using any RS associated with that CORESET.
· Supported by Vivo
· Confirm WA on RLM based on CSI-RS for tracking: If the TCI-states refer to CSI-RS for tracking, it is up to UE to select a NZP-CSI-RS resource from the configured resources for CSI-RS for tracking for RLM
· Supported by Ericsson
· When a TCI state contains two RSs, the UE would use the RS associated with QCL Type D as RLM-RS.
· Supported by Ericsson, Intel, Nokia, NSN
· For FR2, when neither of the RSs in the activated TCI state has a QCL Type D association, the UE will not perform RLM
· Supported by Ericsson
· When the RLM-RS selected from the TCI state is an aperiodic CSI-RS, the UE will not perform RLM.
· Supported by Ericsson
· RLM-RS (and BFD-RS) resource set is configured per TCI-state, and RLM-RS resource set is automatically configured (or activated) by activation of PDCCH TCI state.
· Supported by LGE
· Regarding the UE behavior when TCI-states indicate a combination of RSs, it is our understanding that current description in TS38.214 is good enough.
· Observed by Samsung
· RLM requirements for CSI-RS for tracking are the same as the RLM requirements for RRC configured CSI-RS for RLM.
· Supported by Mediatek
· UE is not expected to monitor no more than NRLM RadioLinkMonitoringRS for radio link monitoring when UE monitors RSs based on TCI states of PDCCH.
· Supported by Intel
· In case of no explicit RLM-RS configuration, when TCI-states indicate a combination of SSB, CSI-RS, and CSI-RS for tracking, UE RLM behavior is as follows.
· If QCL type D is indicated by one or multiple RS of SSB, CSI-RS, and CSI-RS for tracking, UE uses all the RS(s) indicating QCL type D for RLM.
· If QCL type D is not indicated by any RS of SSB, CSI-RS, and CSI-RS for tracking, UE uses all the RS(s) for RLM.
· Supported by NTT Docomo
· In case of explicit RLM-RS configuration, the RLM-RS configuration should be updated by NW to include at least the latest activated TCI state i.e., indicated SSB/CSI-RS resource for PDCCH monitoring.
· Supported by NTT Docomo
· Confirm the working assumption: If the TCI-states refer to CSI-RS for tracking, it is up to UE to select a NZP-CSI-RS resource from the configured resources for CSI-RS for tracking for RLM
· Supported by Qualcomm
· With explicit configuration, network can select any downlink RS to be indicated as RLM-RS, but it should not be mandated.
· Supported by Nokia, NSN
· Adopt the following text proposal
· Supported by Nokia, NSN
· 

=== Text Proposal Starts 38.213 v15.1.0. === 

5 Radio Link Monitoring
--- parts that are not affected are omitted ---

A UE can be configured for each SpCell [11, TS 38.321] with a set of resource indexes for radio link monitoring by higher layer parameter RadioLinkMonitoringConfig RLM-RS-List. The UE is provided by higher layer parameter failureDetectionResources RLM-RS an association between a resource index, from the set of resource indexes, with either a CSI-RS resource configuration or a SS/PBCH block. For a CSI-RS resource configuration, the UE is provided a corresponding index by higher layer parameter csi-RS-IndexRLM-CSIRS. The higher layer parameters CSI-IM-RE-pattern, CSI-IM-Resource, CSI-IM-ResourceId, CSI-IM-timeConfig, CSI-IM-FreqBand, CSI-IM-ResourceMapping, and Pc_SS in the CSI-RS configuration are not applicable. In CSI-RS resource configuration, a UE expects to be provided only ‘No CDM’ from higher layer parameter CDM-Type, only ‘1’ and ‘3’ from higher layer parameter density, and only ‘1 port’ from higher layer parameter nrofPorts [6, TS 38.214]. For a SS/PBCH block, the UE is provided a corresponding index by higher layer parameter ssb-Index RLM-SSB. 
If the UE is not provided with higher layer parameter RadioLinkMonitoringRS list for the purpose of radio link monitoring, the UE determines the set of failureDetectionResources to include SS/PBCH block indexes and CSI-RS resource configuration indexes with same values as the RS indexes in the RS sets indicated by the active TCI states for respective control resource sets that the UE is configured for monitoring PDCCH. 
If the activated TCI state refers to combination of more than one resource index, UE determines the set of failureDetectionResources to include the RS that has the type-d QCL configured. If the type-d QCL is not configured for any of the RS in the TCI state, UE selects any periodic RS to be included.
If the activated TCI state refers to the aperiodic or semi-persistent CSI-RS, UE determines to include the periodic source RS of the TCI state given in NZP-CSI-RS-Resource to the set of failureDetectionResources.
--- parts that are not affected are omitted ---
=== Text Proposal Ends 3
8.213 v15.1.0 === 

Issue 1) Suggested Agreement:
· Confirm WA on RLM based on CSI-RS for tracking: If the TCI-states refer to CSI-RS for tracking, it is up to UE to select a NZP-CSI-RS resource from the configured resources for CSI-RS for tracking for RLM

Issue 2) Downselect among following options:
· Option 1) When a TCI state contains two RSs, the UE would use the RS associated with QCL Type D as RLM-RS.
· Option 2) When TCI-states indicate a combination of SSB, CSI-RS and CSI-RS for tracking, UE should use all the types of indicated RSs for RLM.
· Option 3) In case of no explicit RLM-RS configuration, when TCI-states indicate a combination of SSB, CSI-RS, and CSI-RS for tracking, UE RLM behavior is as follows.
· If QCL type D is indicated by one or multiple RS of SSB, CSI-RS, and CSI-RS for tracking, UE uses all the RS(s) indicating QCL type D for RLM.
· If QCL type D is not indicated by any RS of SSB, CSI-RS, and CSI-RS for tracking, UE uses all the RS(s) for RLM.

Issue 3) Suggested to discussion further:
· UE is not expected to monitor no more than NRLM RadioLinkMonitoringRS for radio link monitoring when UE monitors RSs based on TCI states of PDCCH.


Issue 4) Suggested to discussion further:

-- A list of reference signals for detecting beam failure and/or cell level radio link failure (RLF).
-- The network configures at most two detectionResources per BWP for the purpose "beamFailure" or "both".
-- If no RSs are provided for the purpose of beam failure detection, the UE performs beam monitoring based on the activated TCI-State
-- for PDCCH. However, if the activated TCI state refers to an aperiodic or semi-persistent CSI-RS, the gNB configures the failure
-- detection resources explicitly (FFS_RAN1: TBC by RAN1).
-- If no RSs are provided in this list at all (neither for Cell- nor for Beam-RLM), the UE performs also Cell-RLM based
-- on the activated TCI-State of PDCCH (FFS_RAN1: TBC by RAN1).
-- When the network reconfigures this field, the UE resets on-going RLF timers and counters.
failureDetectionResources SEQUENCE (SIZE(1..maxNrofFailureDetectionResources)) OF RadioLinkMonitoringRS OPTIONAL, -- Need M

· In order to provide potentially fast reconfiguration of RLM-RS based on RS of TCI-states, Change from “Need M” to “Need R”
· Need M: Used for (configuration) fields that are stored by the UE i.e. not one-shot. Upon receiving a message with the field absent, the UE maintains the current value.
· Need R: Used for (configuration) fields that are stored by the UE i.e. not one-shot. Upon receiving a message with the field absent, the UE releases the current value.



2.3 Maximum number of RLM-RSs [1][4][6][8][10][12]
In the previous meeting, working assumption of maximum number of RS that could be configured for RLM was made. The following is the copy of the agreements made in RAN1 #92bis.
	Agreements [1]:
· To reply the LS from RAN2 in R1-1803577
Answer 1:
· The maximum number of BFD-RS(s) is 2 per BWP. 
· The maximum number of RLM-RS(s) and BFD-RS(s) should depend on whether same RS(s) is shared between RLM and BFD. The maximum number of unique RS(s), each RS using different set of resources, for both RLM-RS(s) and BFD-RS(s) are:
· X RS(s) per BWP for below 3 GHz,
· X=2(working assumption)
· Y RS(s) per BWP for above 3 GHz and below 6 GHz,
· Y=6 (working assumption)
· Z RS(s) per BWP for above 6 GHz,
· Z=8(working assumption)
· where maximum number of BFD-RS(s) is 2 RSs per BWP and maximum number of RLM-RS(s) is 2 RSs per BWP for below 3 GHz, 4 RSs per BWP for above 3 GHz and below 6 GHz, 8 RSs per BWP for above 6 GHz. 
· Please note that support of 8 RLM-RSs and 2 BFD-RS for above 6 GHz is feasible if the 2 BFD-RS are a subset of 8 RLM-RSs.

Answer 2:
· Yes. They can be completely orthogonal, depending on NW configuration.




Continue further discussion on the following proposals:
· The maximum number of unique RS(s), each RS using different set of resources, for both RLM-RS(s) and BFD-RS(s) are 10 per BWP for above 6 GHz.\
· Supported by Huawei
· Confirm the WA
· Supported by CATT, Samsung
· UE is not expected to monitor no more than NRLM RadioLinkMonitoringRS for radio link monitoring when UE monitors RSs based on TCI states of PDCCH.
· Supported by Intel
· Confirm the X =2 and Z =8 and change Y to 4 in the RAN1#92bis working assumption.
· Supported by OPPO
· Confirm the working assumption for maximum number of RLM-RS and BFD-RS on value of Y and value of Z, but reconsider whether the value of X (i.e. below 3GHz) could be increased to 4.
· Supported by Nokia, NSN

Agreements made in RAN1 #93:
Confirm the following working assumptions regarding the values of X/Y/Z:
· The maximum number of RLM-RS(s) and BFD-RS(s) should depend on whether same RS(s) is shared between RLM and BFD. The maximum number of unique RS(s), each RS using different set of resources, for both RLM-RS(s) and BFD-RS(s) are:
· X RS(s) per BWP for below 3 GHz,
· X=2(working assumption)
· Y RS(s) per BWP for above 3 GHz and below 6 GHz,
· Y=6 (working assumption)
· Z RS(s) per BWP for above 6 GHz,
· Z=8(working assumption)




2.4 Alignment of RRC specification and RAN1 specification [5]
	One company had identified mis-alignment between RRC specification and RAN1 specification resgarding RLM parameter configuration. 

Agreements made in RAN1 #93:
· Remove csi-IM-ResourceElementPattern, csi-IM-ResourceElementPattern, csi-IM-ResourceId, periodicityAndOffset and freqBand from the list of ‘not applicable parameters’ from section 5 in 38.213.
· Note: there is no RAN2 impact


2.5 C-DRX and RLM-RS transmission [5][11][14]
	A company suggested we should have similar discussion as for transmission of CSI-RS for L3 mobility and its relationship with C-DRX. 

Continue further discussion on the following proposals:
· A UE in DRX may NOT assume that a CSI-RS resource used for radio link monitoring is present outside the active time.
· Supported by Ericsson, NTT Docomo
· A UE in C-DRX is configured with either CSI-RS or SSB within the active time for performing RLM.
· Supported by Qualcomm

Suggestion from feature lead:
· See conclusion/agreement from similar discussion in RRM measurement


2.6 Non-cell defining SSB for RLM [11]
One company has noted that RAN1 has not agreed nor discussed whether non-cell defining SSBs can be used for RLM and if so how the signaling would need to be changed. RAN2 has made some agreements that impact this issue. Discuss the proposal in the next meeting if needed.

	Agreements (RAN2 #101bis)
1	From the network perspective, if RMSI is provided for different SSBs (with same or different PCIs) in a wideband carrier then the RMSI associated with the different SSBs will have different CGIs. (i.e. they are potentially cell defining SSBs)
FFS: Whether this has any consequence for system information reception in connected mode. 
2	Reconfirm that there can be different SSBs within a wideband carrier from the network perspective. These SSBs can have the same or different PCIs. From the UE perspective, for RRM purposes the different SSBs (irrespective of PCI) are considered as different cells (i.e. different MOs are considered as different cells from UE perspective



Continue further discussion on the following proposals:
· Non-cell defining SSB can be configured for RLM. UE is not expected to be configured with more than one SSB frequency location for RLM for a BWP.
· Supported by NTT Docomo
· RAN1 should down-select from following alternatives.
· Alt.1: indicating SSB-RLM frequency location for each BWP is supported.
· In this alternative, SSBs on different frequency locations can be configured as RLM-RS for different BWPs.
· Alt.2: SSB-RLM frequency location is determined by SSB frequency location indicated in ServingCellConfigCommon (frequencyInfoDL).
· In this alternative, SSBs only on specific frequency location can be configured as RLM-RS. If there is a BWP which does not contain the SSBs within its bandwidth, CSI-RS within the BWP needs to be configured as RLM-RS for the BWP.
· Supported by NTT Docomo


Summary of discussions:


2.7 RLM procedure and configuration related to multiple BWP [13]
	Some question on the RLM procedure and configuration related to multiple BWP configuration has been raised by companies. 
Continue further discussion on the following proposals:
· UE can evaluate the radio link quality on a RLM-RS resource of a current active DL BWP by taking into account previous measurements in previous time periods on spatially QCLed RLM-RS resources which are configured in BWPs different than the current active DL BWP.
· Supported by Motorola, Lenovo
[bookmark: _GoBack]
Summary of discussions:
· Some companies believed, the gNB should be able to configure SSB in each configured BWP and also be able to configure UE to perform monitoring RLM using the indicated SSB in each BWP.
· Some companies also believed that configuration of SSB in each configured BWP is not necessary and no further specification work is needed.



2.8 LS that may require reply from RAN1
	R1-1805807	LS on SSB-based Beam Management, Beam Failure Detection, RLM	RAN2, ZTE
Reply LS is necessary?
R1-1805811	LS to RAN1 on Removing RLM-RS Restriction in TS 38.331 ASN.1	RAN2, Samsung
Details to be handled under 7.1.1.5 & 7.1.2.2. Reply LS is necessary?



Issue related to 5807)
Check RAN2 agreement:
· SSB-based Beam Management, CSI measurements, Beam Failure Detection and RLM can only be configured for DL BWPs which contain the SSB associated to the serving cell. For a DL BWP which does not contain the SSB associated to the serving cell, Beam Management, CSI measurements, Beam Failure Detection and RLM can only be performed based on CSI-RS. 

>> This may be related to issue 2.7
Issue related to 5811)
Check RAN2 agreement:
· If RS for beam failure detection are explicitly configured then RSs for RLM are always explicitly configured by the network 



3. Summary of Other Issues for RLM

3.1 Periodicity configuration of RLM-RS [2]
	One company has noted that measurement complexity for RLM-RS linearly scaled with configured number of RLM-RS and therefore suggested to consider defining some relationship between configured number of RLM-RS and configured periodicity of the RLM-RS.

Continue further discussion on the following proposals:
· Establish coupling relationship between RLM-RS transmission period (or measurement period) and the number of configured RLM-RS resources to reduce the UE measurement complexity and power consumption, especially when more RLM-RS resources are configured.
· Supported by ZTE, Sanechip



3.2 RLM evaluation period [2][4][9]
One company noted that OOS may be reported during beam failure as both beam failure and RLM reporting are based on same underlying measurement, hypothetical PDCCH BLER. Therefore it has been proposed to take into account such correlation between beam failure and radio link failure. Additionally, another company had noted that UE may need to perform multiple measurements and functionalities with same set of SSBs and this may require the UE perform Rx beam switching during measurements. The Rx beam changes for measurements may require the UE take longer periods to perform the same measurements for different purposes and careful consideration of RLM evaluation period was considered to be needed.
One company has raised issues on minimum RLM evaluation period of 10 msec. It was noted that serving cell SSB periodicity will be 20 msec, due to UE assumption during initial access. Frequent RLM measurement may cause problems when the UE needs to take neighbor cell SSB measurements, therefore discusses UE behaviors associated with RLM evaluation period.

Continue further discussion on the following proposals:
· Discard some invalid measurement samples for IS/OOS evaluation to improve evaluation result accuracy and avoid unnecessary OOS when beam failure is recovered successfully.
· Supported by ZTE, Sanechip
· NR RLM evaluation period can be decided by RAN4
· Supported by CATT
· For SSB based RLM, the following condition should be met: All SSBs configured for RLM are spatially QCLed and TDMed to CSI-RS resources configured for BM, and the QCL association is provided. Otherwise, a relaxing factor should be introduced for evaluation period.
· Supported by Mediatek
· For CSI-RS based RLM, the following condition should be met: All CSI-RS resources configured for RLM are QCLed and TDMed with the CSI-RS resources configured for BM or SSBs configured or SSBs, and the QCL association is provided. Otherwise, a relaxing factor should be introduced for evaluation period.
· Supported by Mediatek



3.3 Fast configuration of RLM-RS [5]
	RRC based signaling of RLM-RS may not be fast enough to adapt to beam changes given that the number of RLM-RSs is limited. Support of faster configuration of RLM-RS would mitigate some of this issue.

Continue further discussion on the following proposals:
· Introduce the possibility to activate RLM-RS resources using MAC CE. The UE is only required to monitor up to X activated RLM-RS resources. (Ericsson)
·  Increase the maximum number of configured RLM-RS resources to be equal to the maximum number of SS/PBCH blocks per cell. (Ericsson)


3.4 RLM-RS multiplexing with other RS [11] 
At the last RAN1 meeting, some companies discussed UE behaviors related to multiplexing of physical channels and RS with and without spatial QCL relationships in RRM and RLM sections. Further clarification and discussion (including whether RAN1 or RAN4 should handle this issue) may be needed.

Continue further discussion on the following proposals:
· Let RAN4 discuss scheduling restriction during SSB/CSI-RS based RLM as well as CSI-RS based RRM measurement.
· Supported by NTT Docomo
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