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1. Introduction
This contribution tries to summaries key remaining aspects on NR RLM based on contributions submitted for RAN1 #90bis. This is an update to the offline discussion summary in R1-1718977 based on agreements made during RAN1 #90bis Wednesday session. 

2.  Summary of Key Issues for RLM
Issue #1) IS/OOS BLER threshold pairs [2][7][10][11][12][14] 
· Issue summary:
· Configuration of IS/OOS BLER threshold pairs was left FFS between explicit or implicit signaling.

· Proposed Alternatives:
· Alt 1) Explicit configuration of threshold pairs (Supported by Nokia, Intel, CATT, AT&T, MediaTek, Docomo)
· Alt 2) Implicit configuration of threshold pairs

Proposed offline agreement: - Resolved
· The IS/OOS threshold pair index to be used is explicitly indicated by RRC
· IS/OOS threshold pair index corresponds to a specific IS/OOS threshold pair (to be defined by RAN4)
· FFS on default IS/OOS threshold pair index

· Additional proposals regarding IS/OOS BLER threshold pairs
· Default IS/OOS BLER threshold should be 2% and 10% (same as LTE) (Supported by HW)
· BLER threshold should be configurable to support other use cases (Supported by CATT)
· Different threshold for Beam Failure & Radio Link Failure (Supported by Nokia)
· Support more than two IS/OOS BLER threshold pairs (Supported by AT&T)
· IS/OOS BLER values correspond to different CORESET groups, grouped per service requirements (Supported by AT&T)
· Depend on UE capability to support more than two pairs of IS/OOS BLERs for mMTC and URLLC (supported by Mediatek)

	Agreements:
· The IS/OOS threshold pair index to be used by a UE is explicitly indicated by RRC
· IS/OOS threshold pair index corresponds to a specific IS/OOS threshold pair (to be defined by RAN4)
· FFS on default IS/OOS threshold pair index




Issue #2) Type of CSI-RS for RLM [1][2][3][7][8][11][12][14][15]
· Issue summary:
· NR currently supports CSI-RS for L3 mobility and CSI-RS for beam management (BM) which both are based on design framework of CSI-RS for beam management. However, the some configurations between the two can be same, partially same, or different. Therefore, requires some clarification on whether CSI-RS for RLM is a new type of CSI-RS, CSI-RS for BM, or CSI-RS for L3 Mobility.
· It was commented that there may be several variation of Alt 1, depending on whether CSI-RS for RLM is the superset, same, or subset of CSI-RS for beam management.
	
· Proposed Alternatives: - Resolved
· Alt 1) CSI-RS for beam management should be used when CSI-RS based RLM is configured 
· Note: CSI-RS for RLM can be configured when CSI-RS for beam management is not configured by the network.
· Alt 2) CSI-RS for L3 mobility should be used when CSI-RS base RLM is configured 
· Alt 3) Network configures UE to perform RLM on the RS that reflect the quality of  UE specific PDCCH reception
· When network configures the association between beam management (BM) RS and PDCCH DMRS, it indicates if the corresponding BM RS (e.g. SS Block / CSI-RS) is to be used also for RLM. Indication may be configured to be implicit or explicit.
· Alt 4) Network configured UE to perform RLM on CSI-RS that reflect the quality of a hypothetical PDCCH reception
· Network may choose the CSI-RS for RLM to be same, partially same, or different from CSI-RS configured for beam management or L3 mobility.

· Proposed offline agreement: - Resolved
· RLM-RS based on CSI-RS can be separately configured from CSI-RS for BM.
· Framework for signaling CSI-RS for RLM would use the same signaling framework for signaling CSI-RS for BM.
· FFS: additional updates of CSI-RS for RLM based on updates of CSI-RS in BM
· Note: Network can choose to re-use of some or all of CSI-RS resources for BM for CSI-RS for RLM.


	
Agreements:
· At least single-port CSI-RS resources, following the same design already agreed for BM, can be used for RLM 
· FFS configuration details, especially w.r.t. interaction with those configured for BM
 Agreements:
· RLM-RS based on CSI-RS can be separately configured from CSI-RS for BM.
· Framework for signaling CSI-RS for RLM would use the same signaling framework for signaling CSI-RS for BM.
· FFS: additional updates of CSI-RS for RLM based on updates of CSI-RS in BM
· Note: Network can choose to re-use of some or all of CSI-RS resources for BM for CSI-RS for RLM.





Continue discussion:
It was identified during offline discussions that companies have different understanding of agreements made in RAN1 #90. The following was discussion but unable to be concluded due to diverse views.
· Each RLM-RS resource should correspond to a single type of RLM-RS.
· Alt 1) UE is only configured with a single type (between SSB or CSI-RS) of RLM-RS for all RLM-RSs
· Supported by: Qualcomm, Samsung, Mediatek, ZTE, Vivo, OPPO, Intel
· Alt 2) UE can be configured with any types of RLM-RS for each RLM-RSs
· Periodicity of the RLM-RSs belong to two different RS types can have different values.
· Maximum number of RLM-RSs regardless of RS type that can be configured for a UE is X (refer to agreement regarding maximum number of configurable RLM-RS).
· Note: that only 1 IS/OOS report per RLM reporting period even if two types of RLM-RS is configured.
· Supported by: Nokia, Ericsson, Huawei, HiSilicon, Panasonic, LGE



Issue #3) Interference & Noise measurement for RLM [2][3][4][5][7][8][9][10][11][14][15]
· Issue summary:
· In order to measure the hypothetical PDCCH BLER based on RLM-RS, both signal strength of the measured RLM-RS and interference/noise strength of neighboring cells is required.
· In LTE, such clarification of which resources UE should monitor for interference/noise was not necessary, as PDCCH region was known to all UEs and CRS was always transmitted in them. However, in NR, UE may not be fully aware which resources may belong to serving cell downlink and therefore may require clarification on UE assumptions of resources used for interference/noise measurement.

· Proposed Alternatives:
· Alt 1) resource used for interference/noise measurement should be same as resource carrying RLM-RS(s) 
· Alt 2) dedicated resource with zero power should be configured for RLM interference/noise measurement 
· Alt 4) resources that is potentially occupied by existing RS, such as DMRS of PDCCH, is used for RLM interference/noise measurement
· Alt 5) interference measurement resource and signal measurement resource are at least at the same slot and up to UE implementation on how measurement is performed within the slot

· Additional proposals regarding interference/noise resources:
· QCL assumption between RLM-RS and PDCCH DMRS in a CORESET 
· For RLM interference measurement, PDCCH DMRS in a CORESET is paired with CSI-RS or SSB, and the pairing relation is configured. UE assumes the PDCCH DMRS is QCL’ed with the paired CSI-RS or SSB with respect to spatial, average gain, delay and Doppler parameters.
· When PBCH in an SSB indicates a CSS CORESET (i.e., for RMSI scheduling), the SSB and the CSS CORESET are paired for RLM measurement purpose, and they are QCLed with respect to spatial, average gain, delay and Doppler parameters.
· In case Alt 4 for RLM interference measurement is adopted, the DMRS of PDCCH should be reserved for the sole use of DMRS of PDCCH (i.e. not used for other channels)

 
Continue discussions on (no consensus):
· Further discussion on the following, including the possibility of having a common framework between interference/noise measurements for SSB based RLM and CSI-RS for RLM
· Alt 1) resource used for interference/noise measurement should be same as resource carrying RLM-RS(s) 
· Alt 2) dedicated resource with zero power should be configured for RLM interference/noise measurement 
· Alt 4) resources that is potentially occupied by existing RS, such as DMRS of PDCCH, is used for RLM interference/noise measurement
· Alt 5) interference measurement resource and signal measurement resource are at least at the same slot and up to UE implementation on how measurement is performed within the slot
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Issue #4) Aperiodic IS/OOS indication for RLM [1][2][7][10][12][13] 
· Issue summary:
· In NR Adhoc #2 meeting, RAN1 has agreed to “strive” to support aperiodic indication(s) based on beam failure recovery procedure to assist radio link failure (RLF) procedure, if same RS is used for beam failure recovery and RLM procedures.
· Some companies have suggested to support aperiodic RLM reports based on beam failure recovery to provide fast monitoring of radio link quality.
· It was commented that this issue should be de-prioritized based on RAN Plenary guidance on RAN1 workplan.

· Proposed Alternatives:
· Aperiodic IS reporting is supported for Rel-15 NR (Supported by AT&T, Qualcomm)
· Aperiodic OOS reporting is supported for Rel-15 NR (Supported by AT&T, Qualcomm)
· Aperiodic IS reporting is not supported
· Aperiodic OOS reporting is not supported (supported by CATT)

· Additional proposals:
· If aperiodic IS reporting is supported, alternatives for IS reporting condition:
· Upon success of beam failure recovery procedure (supported by Qualcomm, Docomo)
· If aperiodic OOS reporting is supported, alternatives for OOS reporting condition:
· Upon failure of beam failure recovery procedure (supported by Qualcomm, AT&T, Docomo)
· Network configures whether aperiodic IS/OOS reporting is used (supported by AT&T, Docomo)

Proposed offline conclusion:
· Suggested to de-prioritize discussions based on RAN Plenary guidance on RAN1 workplan.


Issue #5) Relationship between RLM and Beam failure mechanism [1][2][11] 
· Issue summary:
· Some companies noted similarities between radio link quality measurements and beam failure detection and therefore suggested that there should be some relationship between RLM and beam failure mechanism
· It was commented that this issue should be de-prioritized based on RAN Plenary guidance on RAN1 workplan.

· List of Proposals:
· Evaluation of BPL quality and evaluation of radio link quality can share a common framework from perspective of physical layer. The RLM or IS/OOS triggering mechanism should avoid OOS if the beam failure can be recovered in time
· RLM and beam failure mechanism should not be tied together
· Configured RLM-RS resource(s) and RS(s) used for beam failure detection (BFD-RS) should be the same set
· RLF is declared when the unsuccessful beam failure recovery indication is received from lower layer
· Indication of successful beam failure recovery is sent to RRC
· The timer (e.g. T310) is stopped upon reception of the indication of successful beam failure recovery

Proposed offline conclusion:
· Suggested to de-prioritize discussions based on RAN Plenary guidance on RAN1 workplan.


Issue #6) Maximum number of configurable RLM-RS [3][11]
· Issue summary:
· A company have noted that RLM measurement is more complex compared to RRM measurements and therefore number of RLM-RS configured for UE should be limited.

· List of proposals: - Resolved
· The maximum number of RLM-RS that UE should monitor is small, e.g. 2~3
· Define an upper limit of number of RLM-RS configured by the network

· Proposed Offline agreement: - Resolved
· NR supports configuration of at most X number of RLM-RS (CSI-RS or SSB) resources for a UE
· final value of X to be determined in the next meeting and (X <= [8])
· Note: in the deployment scenario where BM is needed, the BM processing is a pre-requisite for the network to select the X number of RLM-RSs.
· FFS: whether to have different number for sub 6 and above 6 GHz

	
Agreements:
· Discuss further offline on the maximum # of indicated CSI-RS resources & SS blocks to be used for RLM 
Agreements:
· NR supports configuration of at most X number of RLM-RS (CSI-RS and/or SSB) resources for a UE
· final value of X to be determined in the next meeting and (X <= [8])
· Note: in the deployment scenario where BM is needed, the BM processing and reporting are a pre-requisite for the network to select up to X RLM-RSs.
· FFS: whether to have different number for sub 6 and above 6 GHz





Issue #7) Association between RLM-RS and active CORESET for PDCCH [1]
· Issue summary: 
· Question has been raised whether RLM-RS should be configured for non-active Tx beam (or a non-serving beams for the UE). Potential problems could arise if RLM declares IS when active Tx beam are below threshold, while non-active Tx beams are above threshold.

· List of Proposal:
· From UE perspective, RLM-RS should be only configured for active CORESET for PDCCH

Proposed offline conclusion:
· The proposal to configure RLM-RS only for active CORESET seems to have relationship with additional update of CSI-RS/SSB of RLM with update of CSI-RS/SSB of BM. Suggested to discuss this issue along with the “FFS: additional updates of CSI-RS for RLM based on updates of CSI-RS in BM”



Issue #8) QCL configuration for RLM-RS [7]
· Issue summary: 
· A company noted that without proper configuration of QCL relationship between transmitted PDCCH and RLM-RS configured for a CORESET, UE may incorrectly determine the RLM metric for comparison with Qin/Qout thresholds. 

· List of Proposal:
· UE assumes QCL relationship between PDCCH transmitted in a CORESET and RS configured for the CORESET with respect to spatial, average gain, delay and Doppler parameters 


Suggested Offline conclusion (limited discussion with audience):
· UE may assume that configured RLM-RS and the DMRS of the “hypothetical” PDCCH for the computation of RLM metric has QCL relationship with respect to spatial, average gain, delay and Doppler parameters



Issue #9) Configuration Properties of CSI-RS for RLM [15] 
· Issue summary: 
· A company noted that further details of configuration properties of CSI-RS for RLM is needed to finalize the specification work.

· List of Proposal:
· CSI-RS is used as an RLM-RS, a single-port resource with 1≤D≤6 is used
· At least two transmission/measurement bandwidths are defined for CSI-RS for RLM
· one equal to the minimum bandwidth of the carrier, and
· one additional larger bandwidth

Suggested Offline conclusion (limited discussion with audience):
· UE is configured with one measurement bandwidth for a configured RLM-RS
· supported measurement bandwidth in the specification are at least:
· one equal to the minimum bandwidth of the carrier
· one additional larger bandwidth, the be determined in next meeting


Issue #10) Configuration Properties of SSB for RLM [12]
· Issue summary: 
· A company has proposed detailed mechanism for signaling the RLM-RS configuration when RLM-RS is configured as SS/PBCH block.

· List of Proposal:
· In case of SS/PBCH block based RLM, the RLM-RS resources are UE-specifically RRC configured using a bitmap of length L, where L is the maximum number of SS Blocks for the given frequency band

	Agreements:
· In case of SS/PBCH block based RLM, the RLM-RS resources are UE-specifically RRC configured, where among L SS Blocks for a given frequency band, each SS block to be used for RLM can be individually indicated
· FFS signalling details (e.g., via bitmap, via SS block index)
· Note: this depends on the max # of SS blocks for RLM





Issue #11) Counter reset conditions for IS/OOS [6]
· Issue summary: 
· A company noted that additional conditions for IS/OOS counter reset is needed to cope with various scenarios in multi-beam operations.

· List of Proposal:
· When a UE switches to a new OOS criterion which is more sensitive to channel quality, the counter for OOS should not be reset.
· When a UE switches to a new OOS criterion which is less sensitive to channel quality, the counter for OOS should be reset.
· When a UE switches to a new IS criterion which is more sensitive to channel quality, the counter for IS should be reset.
· When a UE switches to a new IS criterion which is less sensitive to channel quality, the counter for IS should not be reset

Proposed offline conclusion:
· Suggested to get feedback from companies in RAN1 to determine the working group best suited to determine potential resolutions for this issue.


Issue #12) RLM frame for single beam and multi-beam scenarios [1]
· Issue summary: 
· A company noted that beam pair link monitoring procedure may be a part of the radio link monitoring procedure, as they share same underlying measurements, and therefore concluded that same IS/OOS trigger mechanism could be used in both single beam and multi-beam operations.

· List of Proposal:
· Common RLM or IS/OOS triggering mechanism is used for both single beam operation and multi-beam operation.

 
Issue #13) Rx beam assumption for signal and interference/noise measurement in RLM
· Issue summary:
· RAN1 has agreed to use the same Rx beam for measurement of RSRP and RSSI in RSRQ measurement.
· The expected Rx beam assumption for signal has been agreed.

Suggested Offline conclusion (limited discussion with audience):
· For RLM measurement, the same Rx beam shall be applied between signal and interference/noise measurement
· FFS on how Rx beams is selected for the RLM measurement.
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