Page 1
3GPP TSG RAN WG1 Meeting 2018 Ad-hoc #1											R1-1801251
Vancouver, Canada, January 22th - 26th, 2018

Source: 	Intel Corporation 
Title:	Summary of Friday Offline Discussion for NR Radio Link Monitoring
Agenda item:	7.1.5.2
Document for:	Discussion and Decision

1. Introduction
This contribution tries to summaries offline discussions on NR RLM that took place on Thursday evening and Friday of the meeting week of RAN1 2018 Ad-hoc #1.
The GREY highlighted sections are issues that has been resolved in RAN1 2018 Ad-hoc #1.

2.  Summary of Key Issues for RLM

2.1 Non-applicable CSI-RS RRC parameters to RLM [1][2][6][15]
The agreement in RAN1 #91 has made working assumption to state the CDMType (cd-pattern) field of RRC parameter is applicable to RLM-RS and left QCL-info-CSI-RS field of RRC parameter FFS.
	Agreements:
· At least the following parameters CSI-RS configuration fields are not applicable to RLM-CSI-RS
· (working assumption) CDMType (cd-pattern)
· CSI-IM-RE-pattern
· CSI-IM-Resource
· CSI-IM-ResourceId
· CSI-IM-timeConfig
· CSI-IM-FreqBand
· CSI-IM-ResourceMapping
· FFS QCL-Info-CSI-RS
· The above has no RRC impact




Continue discussion on the following proposals: 
· For NR RLM, the following parameters are not applicable to RLM-CSI-RS,  CDM-pattern, QCL-Info-CSI-RS (Huawei)
· Parameter CDM-type is unnecessary for CSI-RS for RLM. (ZTE)
· Pc_SS is unnecessary and the power offset between CSI-RS and PDCCH should be indicated to UE if it is not fixed. (ZTE)
· Configuration parameters of CC_info and BWP_info are both unnecessary for CSI-RS for RLM. (ZTE)
· QCL relation between CSI-RS for RLM and CSI-RS for BM or SS block should be indicated to UE for RLM. (ZTE)
· The configuration parameters of ScramblingID, resourcemapping, density are all necessary for CSI-RS for RLM. (ZTE)
· Add a subsection in 5.1.6.1 to describe the parameter limitations for CSI-RS for radio link monitoring. (Ericsson)
· Support the following QCL linkage in the QCL-info-field. (Intel)
	QCL linkage for below 6GHz after RRC
	signalling

	TRS  CSI-RS for RLM w.r.t. Doppler shift, Doppler spread, average delay, delay spread
	QCL type: A

	CSI-RS for CSI acquisition  CSI-RS for RLM w.r.t Doppler shift, Doppler spread, average delay, delay spread
	QCL type: A

	QCL linkage for above 6GHz after RRC
	signalling

	TRS  CSI-RS for RLM w.r.t. average delay, Doppler shift, delay spread, Doppler spread estimation 
	QCL type: A

	SSB  CSI-RS for RLM w.r.t. average delay, Doppler shift, spatial RX parameters
	QCL type: C+D 


Following was concluded in RAN1 2018 Ad-hoc #1:
	Agreements:
· In addition to agreements made in RAN1 #91, the following parameters of CSI-RS configuration is not applicable for CSI-RS for RLM
· CDM-pattern 
· Pc
· Pc_SS
Agreements:
· Remove “FFS: QCL-info-CSI-RS” from agreement in RAN1 #91 regarding applicability of CSI-RS parameters to CSI-RS based RLM.
· Agree on the following text proposal for section 5 of 38.213

======== start of text proposal =======
For a CSI-RS resource configuration, the UE is provided a corresponding index by higher layer parameter RLM-CSIRS. The following parameters, CSI-IM-RE-pattern, CSI-IM-Resource, CSI-IM-ResourceId, CSI-IM-timeConfig, CSI-IM-FreqBand, CSI-IM-ResourceMapping, CDM-pattern, CDM-pattern, Pc, and Pc_SS, in the CSI-RS configuration are not applicable.
======== End of text proposal =======





2.2 Relationship between RLF and BFD and BFR [1][2][5][7][10][11][12][13] 
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.

Continue discussion on the following proposals: 
· NR support UE to deliver an indication from beam failure recovery procedure to high layers to assist the RLF procedure. (Huawei)
· BM result can influence the RLM-RS resource for RLM. (ZTE)
· The RLM or IS/OOS triggering mechanism should avoid OOS if the beam failure can be recovered in time, e.g. some of measurement samples within the evaluation period should be discarded. (ZTE)
· Beam failure detection and evaluation of radio link quality can share the same RS and a common framework from perspective of physical layer (ZTE)
· For Rel-15, avoid using too complicated architecture to deal with the interaction between the BM and RLM. Either of the following options may be used to deal with the interactions between BM and RLM: (CATT)
· Alt. 1: up to UE’s implementation 
· Alt. 2: define a simple logic table to handle the interaction between the BM and the RLM. 
· Additional condition for radio link problem indication is defined : When the beam recovery procedure is failed (e.g. new beam is not detected, the channel quality of the new best beam is worse than the pre-defined or pre-configured threshold after beam failure or network does not respond to beam recovery operation). (LGE)
· The use of aperiodic out-of-sync and in-sync indications based on beam failure recovery procedure should be supported to assist the RLF procedure. (AT&T)
· The use of aperiodic out-of-sync indications based on a beam failure recovery procedure (using the same or different RS as used for RLM) to assist the RLF procedure should be configurable for a UE. (AT&T)
· NR supports to configure whether aperiodic IS indication based on beam recovery success and/or aperiodic OOS indication based on beam recovery failure is/are applied to RLM procedure or not. (NTT Docomo)
· If CSI-RS resource sets configured for beam management are used for RLM, CSI-RS set for RLM is updated based on the latest activated CSI-RS resource set for beam management. (NTT Docomo)
· By default the RLM-RS configuration follows implicitly the configuration/activation of PDCCH beam configuration (active TCI states) of a beam management (and recovery) procedure. If network configures explicitly RLM-RS via RRC signaling, it overrides the implicit configuration based on beam management PDCCH beam indication. (Nokia)
· Support of aperiodic OOS indication should be configurable by gNB. If configured, UE should be able to send to a higher layer an aperiodic OOS indication as soon as it initiates beam recovery procedure (i.e. beam failure detection). (Motorola)


2.3 Relationship between RLM-RS and serving PDCCH monitoring [2][3][12]
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.
Continue discussion on the following proposals: 
· The configured RLM-RS resources should correspond to the serving beams for UE. (ZTE)
· UE is not expected to monitor a PDCCH of which the DMRS is not QCL-ed to any RLM RS. (Mediatek)
· For IS/OOS evaluation of a newly configured serving control channel, UE uses only measurements on a newly configured RLM-RS resource associated with the newly configured serving control channel. (Motorola)


[bookmark: _GoBack]2.4 Number of Configured RLM-RS [2][3][6][7][8][11][13][14] 
The RLM metric of hypothetical PDCCH BLER is based on SINR measurements. In general, to achieve very reliable estimates, the processing effort for RLM is quite high. UE complexity in performing measurement and computing metric for IS/OOS may not strictly scale with number of configured RLM-RS.
Continue discussion on the following proposals: 
· UE measurement complexity should be taken into account into the radio link monitoring design in NR, especially when more RLM-RS resources are configured for RLM, e.g. establish coupling relationship between RLM-RS transmission period (or measurement period) and the number of configured RLM-RS resources. (ZTE)
· For above 6 GHz, X = 4. (Mediatek)
· Confirm working assumption of maximum of 8 RLM-RSs that can be configured for a UE (Intel, Samsung, LGE, Qualcomm)
· Discuss about reduction scheme of RRC signalling overhead (LGE)
· NR supports configuration of at most 16 RLM-RS resources for a UE for above 6 GHz. (NTT Docomo)
· UE is expected to monitor all the configured RLM-RSs. 
· The maximum number of RLM-RS resources is at least 8 (Nokia)

Following was concluded in RAN1 2018 Ad-hoc #1:
	Agreements:
· Confirm working assumption of maximum of 8 RLM-RSs for FR2 that can be configured for a UE





2.5 Number of Ports for CSI-RS for RLM [3][5][6][7][11]
RAN1 #91 made a working assumption that 2 port CSI-RS is not supported for RLM purposes.
Following was concluded in RAN1 2018 Ad-hoc #1:
	Agreements:
· Confirm the working assumption of 2-port CSI-RS is not supported for RLM.






2.6 IMR for RLM [4]
During RAN1 #91 meeting, the following agreements are made on radio link monitoring:

	Agreements:
· In Rel-15, no explicit resources are defined and indicated to the UE for Interference and noise Measurement Resource (IMR) for RLM, and it is up to UE implementation on how interference and noise measurement can be performed. 
· It is understood that the UE may perform interference measurements on any resource (excluding SS/PBCH resource) with a known signal, i.e., a known reference signal, a transmission the UE can decode, or a resource element the UE knows is empty



It was suggested to clarify the agreement by adding specification text to support the agreement clearly.

Continue discussion on the following proposals: 
· The exclusion of SS/PBCH block resource used as IMR for radio link monitoring should be explicitly captured in the specification



2.7 RLM-RS configuration and its relation to BWP [8][11] 
In RAN1 #91, the following was agreed.
	Agreements:
· UE is not required to perform RLM measurements outside the active DL BWP
· Note: RAN4 is discussing RLM requirements and need for measurement gaps. 




According to following RAN1 agreement, it is assumed that the maximum number of RLM-RS is agreed for the case where UE only monitors only its current active BWP without changing BWP. It is unclear whether the previous agreements are per cell or per BWP.
Continue discussion on the following proposals: 
· The maximum number of RLM RS resources (i.e., X) is configured per each BWP for all configured BWPs. (Samsung)
· Minimum 1 of RLM-RS resource per each BWP is configured for all configured BWPs. (Samsung)
· UE is not expected to be configured with DL BWP which does not contain RLM-RS within its bandwidth on PCell/PSCell. (NTT Docomo)
· RLM-RS configuration is provided per DL BWP. (NTT Docomo)

Following was concluded in RAN1 2018 Ad-hoc #1:
	Agreements:
· At most X RLM RS resources can be configured per each BWP.
· Note: X is the maximum number of RLM-RS resources and RAN1 has already agreed on this value.





2.8 RLM-RS for pScell [9] 
In RAN1 #90 and #91, the following was agreed. However, the UE behavior for pScell RLM is currently missing from specification.
	Agreements:
· NR supports RLM on PCell and PSCell only
[bookmark: OLE_LINK5][bookmark: OLE_LINK4]Agreements:
· UE is not required to perform RLM measurements outside the active DL BWP
· Note: RAN4 is discussing RLM requirements and need for measurement gaps. 
· LS to RAN4 regarding the above agreements without the note (R1-1721694) – Daewon (Intel)
· [bookmark: OLE_LINK11][bookmark: OLE_LINK10]The LS is approved by removing the bullet in yellow. Final LS is approved in R1-1721721.



Following was concluded in RAN1 2018 Ad-hoc #1:
	Agreements:
· In Section 5 of 38.213, update the specs as follows:
· If the UE is configured with a SCG, as described in [12, TS 38.331], and the parameter rlf-TimersAndConstantsSCG is provided by the higher layers and is not set to release, the downlink radio link quality of the PSCell of the SCG shall be monitored by the UE for the purpose of indicating out-of-sync/in-sync status to higher layers. The UE is not required to monitor the downlink radio link quality in DL BWPs other than the active DL BWP on the PSCell.






2.9 Re-configuration of RLM-RS [11] 
When RLM-RS resources for UE needs to be updated, RRC connection re-configuration is required for RLM-RS configuration. UE behavior during re-configuration may need further clarification.
Continue discussion on the following proposals: 
· During RRC connection re-configuration for RLM-RS configuration, UE shall stop timer T310 if running and stop RLM on previous RLM-RS configuration till RRC connection re-configuration complete.

Following was concluded in RAN1 2018 Ad-hoc #1:
Conclusion:
· UE behavior for re-configuration of RLM-RS is up to RAN2


2.10 Measurement periodicity and reporting interval of RLM-RS [15]
In RAN4#85, RAN4 made the following agreement regarding measurement periodicity and reporting interval of RLM-RS:
	Agreement:
· Indication interval of two successive indications
· The L1 indication interval Tinterval in NR RLM is defined as
· non-DRX, gapless: 
· max(10ms, RLM SSB periodicity for corresponding RLM resources)
· ….<omitted>
· Indication interval is FFS when the periodicities are different for different RLM resources.




Even though RAN4 made this agreement, some FFS aspects may require RAN1 discussion.
Following was concluded in RAN1 2018 Ad-hoc #1:
	Agreements:
· The IS/OOS indication interval when the periodicities are different for different RLM-RS resources is determined by the shortest periodicity of the different RLM-RS resources, which is also lower bounded by 10ms
· Send an LS to RAN4 regarding the above (to be prepared in R1-1801123)




2.11 Default configuration of [13]
As discussed in past meetings, options for ‘default’ RLM configuration could be to have it fixed or define it to be dynamic.
Continue discussion on the following proposals: 
· Adopt in the specification use of the implicit configuration of RLM-RS (prior to RRC configuration) based on the selected downlink RS for Msg#1 transmission in initial access and for which UE assumes to be QCL with Msg#2/4.
The following was agreed in RAN1 2017 Ad-hoc #3:
	Agreements:
· RLM-RS is undefined until explicitly/implicitly configured.
· Note: This implies that the network needs to configure the RLM-RS for UE to perform RLM




Based on the agreement, it is clear that default configuration for RLM is not supported for Rel-15 NR.
Proposed Conclusion:
· Given the RAN1 agreement from in 2017 Ad-hoc #3, do not support a default RLM-RS configuration.


2.12 Aperiodic RLM reporting [10][12] 
The support of aperiodic RLM reporting has been left for FFS from previous RAN1 meetings. The aperiodic report may or may not be related to beam failure recovery procedure or RS configured for beam failure detection.

Continue discussion on the following proposals: 
· The use of aperiodic out-of-sync and in-sync indications based on beam failure recovery procedure should be supported to assist the RLF procedure. (AT&T)
· The use of aperiodic out-of-sync indications based on a beam failure recovery procedure (using the same or different RS as used for RLM) to assist the RLF procedure should be configurable for a UE. (AT&T)
· Aperiodic in-sync indication is provided to the higher layer, if UE receives configuration for a new set of RLM RS resources and at least one OOS indication was reported based on the previous RLM RS resources. (Motorola)
· Support of aperiodic OOS indication should be configurable by gNB. If configured, UE should be able to send to a higher layer an aperiodic OOS indication as soon as it initiates beam recovery procedure (i.e. beam failure detection). (Motorola)
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