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Introduction
This contribution discusses some RAN2 implications of recent RAN1 agreements and working assumptions on beam failure recovery and radio link failure mechanisms. 
In RAN1#88bis, the following agreement has been reached to define the beam failure recovery mechanism. 
Agreements:
· 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

In RAN#1 89, the following agreements have been reached regarding the beam recovery procedure
Agreements
· Support the following channel(s) for beam failure recovery request transmission:
· Non-contention    channel based on PRACH, which uses a resource orthogonal to resources of other PRACH transmissions, at least for the FDM case
· FFS other ways of achieving orthogonality, e.g., CDM/TDM with other PRACH resources
· FFS whether or not have different sequence and/or format than those of PRACH for other purposes 
· Note: this does not prevent PRACH design optimization attempt for beam failure recovery request transmission from other agenda item 
· FFS: Retransmission behavior on this PRACH  resource is similar to regular RACH procedure
· Support using PUCCH for beam failure recovery request transmission
· FFS whether PUCCH is with beam sweeping or not
· Note: this may or may not impact PUCCH design
· FFS Contention-based PRACH resources as supplement to contention-free beam failure recovery resources
· From traditional RACH resource pool
· 4-step RACH procedure is used
· Note: contention-based PRACH resources is used e.g., if a new candidate beam does not have resources for contention-free PRACH-like transmission 
· FFS whether a UE is semi-statically configured to use one of them or both, if both, whether or not support dynamic selection of one of the channel(s) by a UE if the UE is configured with both 


Agreements:
· To receive gNB response for beam failure recovery request, a UE monitors NR PDCCH with the assumption that the corresponding PDCCH DM-RS is spatial QCL’ed with RS of the UE-identified candidate beam(s)
· FFS whether the candidate beam(s) is identified from a preconfigured set or not
· Detection of a gNB’s response for beam failure recovery request during a time window is supported
· FFS the time window is configured or pre-determined
· FFS the number of monitoring occasions within the time window
· FFS the size/location of the time window
· If there is no response detected within the window, the UE may perform re-tx of the request
· FFS details
· If not detected after a certain number of transmission(s), UE notifies higher layer entities
· FFS the number of transmission(s) or possibly further in combination with or solely determined by a timer 

Working assumption:
· Support at least the following triggering condition(s) for beam failure recovery request transmission:
· Condition 1: when beam failure is detected and candidate beam is identified at least for the case when only CSI-RS is used for new candidate beam identification
· FFS Condition 2: Beam failure is detected alone at least for the case of no reciprocity
· FFS how the recovery request is transmitted without knowledge of candidate beam
· Note: if both conditions are supported, which triggering condition to use by UE also depends on both gNB configuration and UE capability

Additionally, the following agreements have been made at RAN1#89 regarding radio link monitoring and provision of IS/OOS indications to from layer 1 to layer 2:
Agreements:
· IS and OOS indications are based on SINR-like metric (e.g., hypothetical PDCCH BLER) as in LTE
· SINR-like metric as in LTE represents whether or not UE can receive PDCCH
· FFS: PDCCH in U-SS and/or PDCCH in C-SS
· RS used to derive SINR-like metric is down selected from following options
· Opt.1: CSI-RS
· Opt.2: DMRS for NR-PDCCH in C-SS
· Opt.3: DMRS for NR-PBCH
· Opt.4: NR-SSS
· Opt.5: RS for time/frequency tracking (if separate RS from above is defined for time/frequency tracking)
· FFS: how many options are used
· RAN1 assumes that single IS or OOS is indicated per reporting instance regardless number of beams available in cell. RAN1 has not concluded whether IS/OOS indications for RLF are per cell or not.
· RAN1 plans to provide at least periodic IS/OOS indications.
· FFS: possibility of additional aperiodic IS indication e.g., based on beam failure recovery mechanism.

Agreements of proposed reply to RAN2:
Q1: Can the in-sync/out-of-sync indications for RLF be provided per cell?
 
A1: RAN1 assumes that single IS or OOS is indicated per reporting instance regardless number of beams available in cell. RAN1 has not concluded whether IS/OOS indications for RLF are per cell or not.

Q2: Is RAN1 planning to provide in-sync/out-of-sync indications that are periodic (similar to LTE)?

A2: RAN1 plans to provide at least periodic IS/OOS indications.

The above listed agreements on beam failure recovery mechanism and radio link monitoring may allow RAN2 to make progress on an overall framework that ties RLM, beam failure recovery mechanism, and RLF. 
 
Beam Failure and Radio Link Failure (RLF)
MmWave frequencies present a unique challenge for operating NR networks. The mmWave channel experienced by a UE may suffer from blockage events that could result in sudden sharp drops in signal strength (of the order of 30 dB) due to physical objects blocking the UE-TRP link. 
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Figure 1: Beam Failure Due to Blockage from a Vehicle
When a beam that is serving a UE experiences blockage, the UE may experience beam failure. As stated in TR 38.912-100, section 8.2.1.6.1, 
NR supports that UE can trigger mechanism to recover from beam failure. 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.

For NR-PDCCH transmission supporting robustness against beam pair link blocking, UE can be configured to monitor NR-PDCCH on M beam pair links simultaneously, where M≥1 and the maximum value of M may depend at least on UE capability.

Based on Blockage Model A (UMi) described in the NR channel model TR 38.900, the duration of a single blockage event is dependent upon velocity of the blockers (e.g. vehicles on a road). Figure 2 below shows a distribution of blockage duration for 30 km/hr blocker velocity. The mean blockage duration based on this model is 600 ms. 
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Figure 2: Distribution of Blockage Duration
Furthermore, if we assume Poisson arrival of blockers, and use 3GPP V2X assumptions, we get a mean interval between successive blockers = 2.4 seconds. Combining the mean blockage duration and mean interval between successive blockers, we get a probability of being blocked for a single UE-TRP link as P = 0.25 as shown in Figure 3.
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Figure 3: Two-State Blockage Model
Blockage of a UE-TRP beam pair may result in beam failure as defined in Section 2. This beam failure could then trigger the UE to switch to a new serving beam. When the new serving beam belongs to the same TRP as the blocked beam that was previously serving the UE, this constitutes an intra-TRP beam switch. However, when the new serving beam belongs to a different TRP compared to the blocked beam that was previously serving the UE, this constitutes an inter-TRP beam switch. 

Since a UE may be monitoring beams from multiple TRPs, the probability of an inter-TRP beam switch is conditioned on the current serving beam being blocked while beams from the other TRPs are not blocked. If a UE could be served by beams from one of N TRPs, the blockage events can then be modelled as an effective Poisson process with a mean blocking probability given by,
P’ = P(1 – PN-1)    	    	             			Eqn. (1)
For example, when a UE could be served by beams from 3 TRPs, the mean duration between inter-TRP beam switches could be about 2.56 seconds. These estimates indicate that a UE could potentially experience frequent beam failure events, potentially resulting in frequent beam switches.
Observation 1: In mmWave spectrum, a UE could experience frequent beam failure events, potentially resulting in frequent beam switches (as frequent as every few seconds).

In a traditional Radio Link Failure (RLF) procedure, such as that defined for LTE, the UE detects up to N310 consecutive out-of-sync intervals of 200ms duration each, before starting RLF time T310 (in seconds), and declares RLF at the expiration of T310. Going back to the blockage statistics for a single UE-TRP link, we again observe that the duration of a blockage event may be on the order of a few hundred milliseconds, after which the beam quality may be restored. Hence these severe beam failure events may occur potentially for very short durations. It is quite evident that a traditional RLF procedure will be completely inadequate at detecting such blockage-based beam failure events.

In fact RAN2 has agreed that RLF should be defined at a cell-level indication:
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. 
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.

Observation 2: The cell-based Radio Link Failure (RLF) procedure may be unable to detect blockage-based beam failure events.

RLM, RLF, and Beam Failure Recovery Procedure
When the UE is monitoring K beam pair links (BPLs) at Layer 1, the reference signals carried on K BPLs are used for radio link monitoring (RLM) [1] and for detecting potential beam failure [2]. For beam failure detection, the UE monitors the reference signals to determine if the beam failure trigger condition is met. Note that each BPL may consist of a subgroup, depending for example, on the control channel resource set corresponding to each subgroup. This is illustrated in Figure 1 below, which provides an overall picture showing RLM, RLF, beam recovery, and connection to mobility management without RRC involvement. As shown in this figure, each BPL K1 to K3 consists of a subgroup of beams. 


Figure 1: RLM, RLF, Beam Failure Recovery Procedure and Mobility without RRC Involvement

RLM and RLF
As shown in Figure 1, RLM metric computation can be used to determine IS/OOS indications. An OOS indication can be provided if all BPLs cannot be decoded. Following a traditional RLF model, when N consecutive OOS indications are received, UE can start RLF timer. If an IS indication in received while the RLF timer is running, the timer would be reset. If no IS indication is received upon expiration of RLF timer, UE declares RLF.
Since RAN1 has still not decided whether aperiodic IS/OOS indications will be provided (based on beam recover procedure), at this point it still FFS whether IS/OOS indications shown in the lower part of Figure 1 are also driven by the beam recovery procedure shown in the upper part of Figure 1. 
Proposal 1: RLF timer should be started based on N consecutive detections of periodic OOS condition and reset upon detection of IS indication, whereby one IS/OOS indication is provided by Layer 1 for each reporting instance per RAN1 agreement.

Beam Failure Recovery and Mobility without RRC Involvement
Referring to Figure 1, when beam failure is detected on one of the K BPLs, L1-based beam failure recovery mechanism may be triggered. This beam failure recovery process could fail in one of two ways:
1. New beam identification may fail if no new beams are identified
2. [bookmark: _GoBack]Even though a new beam may be identified, the beam failure recovery process could fail during the beam failure recovery request and gNB response process.
Upon failure of beam failure recovery process, we propose that the UE shall send a failure indication to the gNB (denoted as Radio Link Interruption [3]). This failure indication to Layer 2 is necessary to facilitate Mobility without RRC Involvement since it triggers the scheduler to route packets to another BPL that may be available via a different TRP. 
Proposal 2: Upon failure of beam failure recovery mechanism for each subset of beams, the UE shall provide a Radio Link Interruption indication to Layer 2 to facilitate Mobility without RRC Involvement. 

Conclusion
In this contribution, we discuss some RAN2 implications of recent RAN1 agreements and working assumptions on beam failure recovery and radio link failure mechanisms. The following observations and proposals are offered for consideration:
Observation 1: In mmWave spectrum, a UE could experience frequent beam failure events, potentially resulting in frequent beam switches (as frequent as every few seconds).
Observation 2: The cell-based Radio Link Failure (RLF) procedure may be unable to detect blockage-based beam failure events.

Proposal 1: RLF timer should be started based on N consecutive detections of periodic OOS condition and reset upon detection of IS indication, whereby one IS/OOS indication is provided for each reporting instance per RAN1 agreement.
Proposal 2: Upon failure of beam failure recovery mechanism for each subset of beams, the UE shall provide a Radio Link Interruption indication to Layer 2 to facilitate Mobility without RRC Involvement. 
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