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Introduction
NR’s radio link monitoring (RLM)/ radio link failure (RLF) has been discussed in RAN2 recently. LS in RAN2 #97bis meeting [1] is agreed to inform RAN1 of RAN2’s latest agreements, i.e. 
Agreements
1:	For connected mode, UE declares RLF upon timer expiry due to DL OOS detection, random access procedure failure detection, and RLC failure detection.
FFS whether maximum ARQ retransmission is only criteria for RLC failure (needs to be discussed in common UP/CP session). 
2	In NR RLM procedure, physical layer performs out of sync / in sync indication and RRC declares RLF. 
[bookmark: OLE_LINK2][bookmark: OLE_LINK5]3	For RLF purposes, RAN2 preference is that the in sync / out of sync indication should be a per cell indication, and we aim for a single procedure for both multi-beam and single beam operation.
Meanwhile two questions from RAN2 are also included in the LS, i.e. 
Q1: Can the in-sync/out-of-sync indications for RLF be provided per cell?
Q2: Is RAN1 planning to provide in-sync/out-of-sync indications that are periodic (similar to LTE)?
In RAN1, beam management has been widely discussed. Several important agreements on beam failure recovery mechanism have been made in the latest two RAN1 meetings, which are highly related to RLM/RLF. 
In RAN1 #88, the following was agreed [2]
	· Beam failure event occurs when the quality of beam pair link(s) of an associated control channel falls low enough (e.g. comparison with a threshold, time-out of an associated timer). Mechanism to recover from beam failure is triggered when beam failure occurs
· Note: here the beam pair link is used for convenience, and may or may not be used in specification
· FFS: whether quality can additionally include quality of beam pair link(s) associated with NR-PDSCH
· FFS: when multiple Y beam pair links are configured, X (<=Y) out of Y beam pair links falls below certain threshold fulfilling beam failure condition may declare beam failure 
· FFS: search space (UE-specific vs. common) of the associated NR-PDCCH
· FFS: signaling mechanisms for NR-PDCCH in the case of UE is configured to monitor multiple beam pair links for NR-PDCCH
· Exact definition of such threshold is FFS and other conditions for triggering such mechanism are not precluded
· The following signals can be configured for detecting beam failure by UE and for identifying new potential beams by UE
· FFS the signals, e.g., RS for beam management, RS for fine timing/frequency tracking, SS blocks, DM-RS of PDCCH (including group common PDCCH and/or UE specific PDCCH), DMRS for PDSCH
· If beam failure event occurs and there are no new potential beams to the serving cell, FFS whether or not the UE provides an indication to L3. 
· Note: the criterion for declaring radio link failure is for RAN2 to decide.
· FFS: The necessity of such indication
· NR supports configuring resources for sending request for recovery purposes in symbols containing RACH and/or FFS scheduling request or in other indicated symbols


In RAN1 #88bis, we made the following important agreements [3]
	· UE Beam failure recovery mechanism includes the following aspects
· Beam failure detection
· New candidate beam identification
· Beam failure recovery request transmission
· UE monitors gNB response for beam failure recovery request
· Beam failure detection 
· UE monitors beam failure detection RS to assess if a beam failure trigger condition has been met
· Beam failure detection RS at least includes periodic CSI-RS for beam management
· SS-block within the serving cell can be considered, if SS-block is also used in beam management as well
· FFS: Trigger condition for declaring beam failure
· New candidate beam identification
· UE monitors beam identification RS to find a new candidate beam
· Beam identification RS includes
· Periodic CSI-RS for beam management, if it is configured by NW
· Periodic CSI-RS and SS-blocks within the serving cell, if SS-block is also used in beam management as well
· Beam failure recovery request transmission
· Information carried by beam failure recovery request includes at least one followings
· Explicit/implicit information about identifying UE and new gNB TX beam information
· Explicit/implicit information about identifying UE and whether or not new candidate beam exists
· FFS: 
· Information indicating UE beam failure
· Additional information, e.g., new beam quality
· Down-selection between the following options for beam failure recovery request transmission
· PRACH
· PUCCH
· PRACH-like (e.g. different parameter for preamble sequence from PRACH)
· Beam failure recovery request resource/signal may be additionally used for scheduling request
· UE monitors a control channel search space to receive gNB response for beam failure recovery request
· FFS: the control channel search space can be same or different from the current control channel search space associated with serving BPLs
· FFS: UE further reaction if gNB does not receive beam failure recovery request transmission


In this contribution, we will discuss issues related to RAN2’s questions according to current progress in RAN1, i.e. (1) how to trigger in-sync (IS)/out-of-sync (OOS) indication in physical layer for RLM/RLF; (2) whether or IS/OOS indications for RLF should be provided per cell.
Discussion
It has been agreed in RAN2 that physical layer should provide IS/OOS indication to higher layer just like LTE, then RRC can declare RLF based on the indication. Furthermore single procedure for both multi-beam and single beam operation is preferred by RAN2.
In LTE, the downlink radio link quality is evaluated by the UE so that the physical layer in the UE can assess the radio link quality, i.e. compare the radio link quality with threshold (Qout and Qin) in every radio frame to indicate IS/OOS event to UE’s own higher layers. The IS and OOS event are triggered when radio link quality is above Qin and below Qout respectively. The radio link quality is evaluated over RLM evaluation period (i.e. the last X ms as defined in 36.133) by measuring CRS and deducing hypothetical PDCCH BLER. This procedure is so-called RLM with which the situation that network cannot keep in touch with UE through PDCCH will be discovered.
In NR, things seems different from LTE due to the absence of CRS and the introduction of multi-beam operation, but the basic principles can still be reused by NR and RAN1 should also strive for a common RLM/RLF scheme for both single beam operation and multi-beam operation. 
Proposal 1: RAN1 should strive for a common RLM/RLF scheme for both single beam operation and multi-beam operation.
Now, RAN1 is studying beam failure recovery mechanism for multi-beam operation. It has been agreed that at least periodic CSI-RS will be used as beam failure detection RS (BRS) for beam pair link monitoring (BLM). The failure of one beam pair link (BPL) will occur when the radio link quality of an associated control channel (e.g. NR-PDCCH) falls below a certain level. The radio link quality of the monitored BPL should be evaluated over a certain period (which is called BLM evaluation period in this contribution for description convenience) by measuring BRS.
Beam failure recovery is a physical layer mechanism which enables fast recovery when BPL failure happens. While declaration of RLF is performed by RRC when there is a long period of problem in radio link quality, at this time UE is required to re-establish the RRC connection. In other words, RLM/RLF will resolve the problem of radio link when beam failure recovery mechanism fails or is absent (e.g. in the case of single beam operation). Therefore, BLM evaluation period should be much shorter than RLM evaluation period. One RLM evaluation period will consist of multiple BLM evaluation periods, at least in the multi beam case. In the single beam case, the RLM evaluation period can consist of one BLM evaluation period.
Proposal 2: One RLM evaluation period should consist of one or multiple BLM evaluation periods.
An example is shown in Fig 1. There are N BLM evaluation periods in one RLM evaluation period. Each BLM evaluation period will occupy several BRS instance. In each BRS instance, multiple BRS resources are configured for UE to measure different BPLs. In this example, two BPLs are measured, but only BPL0 is used to monitor BPL failure, i.e. once BPL0 fails, BPL1 may be immediately identified as a new suitable BPL if its radio link quality is acceptable. Radio link quality evaluation for RLM/RLF should be done over RLM evaluation period, based on the measurement result of monitored BPL (i.e. BPL0) in each BLM period. When physical layer need to provide IS/OOS indication to higher layer, the evaluation result will be used to assess radio link quality, i.e. compare radio link quality with Qin/Qout and generate IS or OOS indication according to comparison result.
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[bookmark: _Ref481423834]Fig 1 illustration of NR RLM in the case of multi-beam operation
Proposal 3: Radio link quality evaluation for RLM/RLF is done over RLM evaluation period, based on the measurement result of monitored BPL in each BLM period.
Single beam operation can be regarded as a special case of multi-beam operation, i.e. BLM period is configured as long as RLM evaluation period and beam failure recovery mechanism is not applied, which is quite similar to LTE. An example is shown in Fig 2. As consequence, a common design for single beam operation and multi-beam operation is realized.
[image: ]
[bookmark: _Ref481426425]Fig 2 illustration of NR RLM in the case of single-beam operation
Periodic indication of IS/OOS is quite important for RRC to declare RLF in time. The introduction of periodic CSI-RS (as BRS) enables continuous measurement of radio link quality. Therefore, periodic IS/OOS indication from physical layer should be supported by NR. When IS/OOS indication is sent to higher layer, radio link evaluation result based on the least X ms can be used to assess radio link quality just like LTE, where X is length of RLM evaluation period.
Proposal 4: Physical layer will provide periodic IS/OOS indication to higher layer. The periodicity is FFS
When it comes to the question “whether or not IS/OOS indications for RLF can be provided per cell”, we think it is technically feasible when BRS is configured for each serving cell. It may increase robustness for each serving cell especially in the case of multi-beam operation, but it may increase unnecessary BRS overhead and the burden of physical layer measurement since RLM for every serving cell may not always be needed e.g. in the case the single beam operation which is pretty similar to LTE where IS/OOS indication for RLF is only provided in Pcell and PScell. Therefore, it is suggested to allow gNB to configure which serving cell will be provided with IS/OOS indication.
Proposal 5: allow gNB to configure which serving cell will be provided IS/OOS indication.
Conclusions
In this contribution, RLM/RLF issues are discussed and we have following proposals:
Proposal 1: RAN1 should strive for a common RLM/RLF scheme for both single beam operation and multi-beam operation.
Proposal 2: one RLM evaluation period should consist of multiple BLM evaluation periods.
Proposal 3: Radio link quality evaluation for RLM/RLF is done over RLM evaluation period, based on the measurement result of monitored BPL in each BLM period.
Proposal 4: physical layer will provide periodic IS/OOS indication to higher layer. The periodicity is FFS
Proposal 5: allow gNB to configure which serving cell will be provided IS/OOS indication.
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