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1 Introduction
This contribution discusses beam failure (BF) events resulting from blockage events that could be experienced by UEs in mmWave channels, provides supporting statistics related to such blockage events, and proposes a new radio link related failure event called Radio Link Interruption (RLI) applicable to blockage-based beam failure events specific to operation of NR networks in mmWave spectrum.
2 Beam Failure
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, which may trigger a beam recovery process. At the RAN1 #88bis meeting the following agreements were made regarding beam failure and recovery request transmission. 
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

· 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
3 Blockage Statistics
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 1 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 1: 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.
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Figure 2: 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 inter-TRP beam switches. Also, due to the severity and short time scales of such beam failure events, traditional RRC-based mobility management may not be sufficient to effectively recover from beam failure events. Hence, we propose RAN2 to consider mobility procedures that enable recovery potentially faster than traditional Radio Link Failure (RLF) procedures or RRC-based handover. One such mechanism is proposed in [1]. 
Observation 1: In mmWave spectrum, a UE could experience frequent beam failure events, potentially resulting in frequent inter-TRP beam switches (as frequent as every few seconds).
Observation 2: Due to severity and short time duration of beam failure events, traditional RRC-based mobility management may not be sufficient to effectively recover from beam failure events.
Proposal 1: RAN2 should consider mobility procedures to recover from beam failure events that are potentially faster than traditional Radio Link Failure (RLF) procedures or RRC-based handover procedures.
4 Radio Link Interruption (RLI)
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 shown in Section 3, 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.
Observation 3: Traditional Radio Link Failure (RLF) procedure used in LTE may be unable to detect blockage-based beam failure events.
We propose that a new type of radio link related failure event needs to be defined to represent beam failure reported from L1 to L2. We call this new L2 event Radio Link Interruption (RLI) to represent the fact that in a blockage-based beam failure event, the beam quality is ‘interrupted’ for a relatively short period of time, and is eventually restored after the blockage event is over as illustrated in Figure 2 below. This L1-to-L2 RLI event is expected to be triggered via normal beam recovery procedures operating at L1 (see [2]) for reference.
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Figure 2: Radio Link Interruption
Even though an RLI event may not be detected via traditional RLF procedures, beam recovery procedures may be able to naturally enable a UE to recover from an RLI event. This is because at the beginning of an RLI event, when a UE detects beam failure, it could possibly trigger an attempt to switch beams. This could result in the following four situations:

· If there is an available beam, and such a beam is from the same TRP, it may be possible to execute an intra-TRP beam switch. 
· If a beam is available from a different TRP with the same cell ID, then it may be possible to execute an inter-TRP beam switch in via the following ways depending upon the network architecture:

· If the source and target TRPs belong to the same Distributed Unit (DU) in an Option 2 functional split based network architecture, then inter-TRP beam switch may be executed via mobility procedures with zero/minimum RRC involvement.
· If the source and target TRPs belong to different DUs in an Option 2 functional split based network architecture, then inter-TRP beam switch may be executed using dual/multi-connectivity procedures with limited RRC involvement (see [1]). This simply means that the inter-TRP beam switch does not require a full handover procedure, but can be handled by dual/multi-connectivity procedures (which is why we call it inter-DU mobility with limited RRC involvement).
· If a beam is available from a different TRP with a different cell ID, it may be possible to execute an inter-TRP beam switch via mobility with RRC. 

· Finally, if no beam is available (e.g. when out of NR coverage), normal RLF procedures may detect link failure.

Hence, from a detection perspective, as long as beam recovery procedures are always in place, the UE should be able to attempt recovery from an RLI event. 
Proposal 2:  RAN2 should define a new L2 Radio Link Interruption (RLI) event to represent beam failure reported from L1 to L2.
Finally, based on the above discussion it is quite apparent that due to the dramatic effect of blockage events on beam quality and the highly intermittent nature of blockage-based beam failure events, RAN2 should consider solutions to maintain connectivity (and minimize disruption at the UE) through such blockage events. Such solutions may be based on multi-connectivity, such as proposed in [1]. 
Proposal 3: RAN2 should consider solutions to maintain UE connectivity through blockage-based RLI events, such as those based on multi-connectivity proposed in [1].

5 Conclusion
This contribution discussed the definition of beam failure events, provided supporting blockage statistics, discussed radio link interruption (RLI), and offered the following observations and proposals for consideration:

Observation 1: In mmWave spectrum, a UE could experience frequent beam failure events, potentially resulting in frequent inter-TRP beam switches (as frequent as every few seconds).

Observation 2: Due to severity and short time duration of beam failure events, traditional RRC-based mobility management may not be sufficient to effectively recover from beam failure events.

Observation 3: Traditional Radio Link Failure (RLF) procedure used in LTE may be unable to detect blockage-based beam failure events.
Proposal 1: RAN2 should consider mobility procedures to recover from beam failure events that are potentially faster than traditional Radio Link Failure (RLF) procedures or RRC-based handover procedures.
Proposal 2:  RAN2 should define a new L2 Radio Link Interruption (RLI) event to represent beam failure reported from L1 to L2.

Proposal 3: RAN2 should consider solutions to maintain UE connectivity through blockage-based RLI events, such as those based on multi-connectivity proposed in [1].

6 References
[1] R2-1704488, Inter-DU Mobility with Limited RRC Involvement, AT&T.
[2] R1-1707751, Design principles of beam recovery mechanism, AT&T
[image: image1][image: image5.png]Radio Link Interruption

=
2
£
g
e
s &
v & +
& m
mmm
:
2 5 =3
I
I
c o g ° g 9 5 =
s 2 ° 5 % & g 3

(wgp) ;Pra1 feudis

120

a2

325

225

125

25

Distance (m)




[image: image6.png](< \ JA))




[image: image7.png]


