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1. Introduction 

Vulnerability of mmWave channel to blockage draws increased attention in the course of beam management discussion. A dedicated beam recovery mechanism is under discussion for addressing the issue. In last NR Ad-hoc meeting, the following was agreed [1]:

Agreements:
· NR supports that UE can trigger mechanism to recover from beam failure 

· Network explicitly configures to UE with resources for UL transmission of signals for recovery purpose

· Support configurations of resources where the base station is listening from all or partial directions, e.g., random access region

· FFS: Triggering condition of recovery signal (FFS new or existing signals) associated UE behavior of monitoring RS/control channel/data channel
· Support transmission of DL signal for allowing the UE to monitor the beams for identifying new potential beams

· FFS: Transmission of a beam swept control channel is not precluded

· This mechanism(s) should consider tradeoff between performance and DL signaling overhead

In this contribution, we discuss more details on UE-initiated beam recovery mechanism based on dedicated resources.
2. UE-initiated Beam Recovery
As indicated in [2], an unexpected beam mis-alignment between TRP and UE may happen due to sudden channel fluctuations, sudden blockage, UE rotation and so on. Since the signaling path between TRP and UE may be lost in such cases, normal beam management procedure may not be applied to regain the communication link. Without special handling, it eventually leads to Radio Link Failure. L3 intervention is then needed, which results in long latency before recovery. As beam management is understood as a lower layer mechanism, it is sensible to recover the link by re-aligning the beam in lower layer as first attempt.
Before beam recovery, beam mis-alignment needs to be detected. Generically, DL and UL beam mis-alignment is detected in different ends. Specifically, UL beam mis-alignment is detected at TRP side and DL beam mis-alignment is detected at UE side. In the special case where beam correspondence exists at both BS and UE, beam mis-alignment identified in one direction immediately indicates a similar situation of the other direction. Here, we consider UL-initiated transmission for assisting beam recovery. A complete UE-initiated beam recovery mechanism includes the following operations, and illustrated in Figure 1.
· DL beam monitoring, 

· beam recovery request trigger, 

· UE-initiated transmission for beam recovery request, 

· NW reaction. 
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Figure 1. Beam recovery flow

It should be noted that without proper NW reaction, connection between BS and UE cannot be recovered. It is also essential for UE to be acknowledged of successfully reception of beam recovery request of NW. Without any explicit/implicit notification, UE ought to take further action on attempting to recover the connection. 
Observation 1: A complete UE-initiated beam recovery mechanism should consider DL beam monitor, beam recovery request trigger, beam recovery request transmission, and NW reaction.
3. Beam Recovery Mechanism
In the following, we discuss the individual steps of beam recovery mechanism
3.1 DL beam monitoring
The intention of DL beam monitor is to collect the beamformed channel quality of all relevant beam pair links for the concerned exceptional case mechanism. As this is in line with measurement requirements of normal beam management procedure, DL beam monitor behaviour can reuse the measurements results from, e.g., P-1 beam sweeping procedure. Similar to normal beam management requirement, detecting the need for beam recovery requires continuous monitoring of relevant beam pair links, it is sensible to configure periodic pilot for beam pair link quality measurement. Depending on the configuration, aperiodic measurement can also be used to assist the detection of beam recovery needs.
While the same measurements is used for beam management and beam recovery mechanism, beam recovery can still provide more prompt notification of beam mis-alignment to NW. For beam management, beam quality information based on the measurements is provided to NW periodically in a frequency that is able to take care of common beam tracking need. A higher feedback frequency provides NW with information to deal with rare beam tracking scenarios, but at the cost of higher overhead. It is sensible to leave rare scenarios to beam recovery mechanism which can be efficiently designed from the point of view of beam recovery resources and recovery latency.
Observation 2: beam pair link measurement for RRC_Connected mode beam management purpose can be used to detect the need for beam recovery.
3.2 Beam recovery triggering
Possibility is not ruled out for a UE to be configured with more than 1 serving beam pair link for either robustness reason or for throughput reason. As beam recovery mechanism is an exceptional case handling mechanism for avoiding losing connection between NW and UE, triggering beam recovery only when all serving beam pairs are to be lost is sensible.

Observation 3: beam recovery mechanism is triggered when all serving beam pair(s) are to be lost.
To trigger beam recovery properly, both serving beam pair link(s) and good beam pair link currently not used for communication should be monitored. In principle, to decide a candidate beam pair link is better than serving beam pair link, a comparison between the two is required. Additionally, one may desire to make sure that a candidate beam pair is good enough to be selected, and to make sure serving beam pair is bad enough to trigger beam recovery. This indicates that both relative and absolute thresholds may be needed for assessing triggering condition. For this, recovery events similar to RRC measurement events can be defined as triggering condition. Specifically, the following recovery events are proposed:
· Event R1 (candidate becomes offset better than serving and serving becomes worse than threshold)
· Event R2 (candidate becomes offset better than serving and candidate becomes better than threshold)
· Event R3 (serving becomes worse than threshold)
· Event R4 (Serving becomes worse than threshold1 and candidate becomes better than threshold2)
In the above, the intention of event R1 and event R3 is to consider beam recovery only when serving beam pair link is to be lost. For event R2, beam recovery can be triggered when a qualified candidate beam pair link is better than serving beam pair link. In event R4, more restricted control over serving beam pair threshold and candidate beam pair threshold is provided. To fit the need in physical layer, the event threshold can be defined to reflect e.g., control channel decoding error probability.
Within such triggering framework, beam recovery triggering behavior can be controlled by NW. Through recovery event and threshold value configuration, NW can flexibly decide to what extent UE is involved to assist normal beam management procedure.
Observation 4: Recovery events provide NW with flexibility to control UE behaviour in beam recovery triggering.

Proposal 1: Recovery events similar to RRC measurement events to be used for beam recovery triggering.
3.3 Beam recovery request transmission
To reduce beam recovery latency, dedicated transmission resources can be used. Dedicated transmission resource can be e.g., UL control channel (NR-PUCCH) or PRACH. For UL control channel, UL should be time-aligned. For beam recovery request carried in UL control channel, candidate NW DL beam information can be carried as content so that upon reception of the request message, NW is aware of which NW DL beam is preferred by UE for beam recovery, irrespective of NW beam correspondence condition. 
Similarly, if PRACH transmission format is used for beam recovery request message transmission, initial access procedure for beam management purpose can be reused. For example, the selection of beam recovery resource indicates the BS DL beam of a candidate beam pair link, if the beam recovery request is received successfully by NW. As initial access procedure would also take care of both cases of with/without beam correspondence, no separate design is needed in beam recovery.
It should be noted that since both RACH resources and UL control resources are periodic resources, retransmission of beam recovery request is possible. In fact, successful beam recovery mechanism prevents UE from get into more involved recovery scheme and thus achieves reduced latency and overhead. For the case of using RACH resources for beam recovery, power ramping in retransmission can be applied as well, though its gain is not clear.

Observation 5: beam recovery request retransmission is beneficial from latency and overhead perspective by avoiding triggering further involved mechanism for recovering connection.
Proposal 2: beam recovery request to include retransmission behaviour.
3.4 NW reaction

Upon successful beam recovery request reception, NW can identify user ID based on the dedicated resources. As shown in the proposed recovery events, a beam recovery request could be triggered when serving beam pair can still be used for communication. Thus, based on the triggering conditions, NW may still be able to choose either to use serving beam pair link for the time being, or to use UE-indicated candidate beam pair link instead. To provide indication of NW reaction to UE, a specific signalling is not necessarily needed. For example, following options can all be considered as implicit indication.

· Trigger an aperiodic beam measurement and reporting, either from serving beam pair link or from UE-indicated beam pair link
· Initiate transmission on UE-indicated beam pair link

· Trigger beam switch command from either serving beam pair link or UE-indicated beam pair link
It should be noted that a dedicated transmission of user data in serving beam pair link provides no information of whether beam recovery request is received or not. To reduce UE effort on monitoring NW reaction, some behavioural constraint can be configured by NW together with recovery events configuration. For example, UE can be configured with recovery event R3 and monitoring target of UE-initiated beam pair link. Such configuration is sensible if the corresponding threshold is low so that when R3 is triggered, serving beam pair link is not workable.
On the other hand, for capable UE, more complex behaviour can be assumed to increase the robustness. As illustrated in Figure 2, UE is configured to monitor both serving beam pair link and UE-indicated beam pair link.
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Figure 2. UE illustration of NW reaction monitoring
Observation 6: NW reaction for beam recovery request reception is needed for UE to decide to take further action for recovering communication or not.
Proposal 3: NW reaction and UE monitoring target of beam pair link is defined.
4.  Conclusion

In summary, based on the above discussion we have the following observations and proposals for NR beam recovery operation:
Observation 1: A complete UE-initiated beam recovery mechanism should consider DL beam monitor, beam recovery request trigger, beam recovery request transmission, and NW reaction.
Observation 2: beam pair link measurement for RRC_Connected mode beam management purpose can be used to detect the need for beam recovery
Observation 3: beam recovery mechanism is triggered when all serving beam pair(s) are to be lost.
Observation 4: Recovery events provide NW with flexibility to control UE behaviour in beam recovery triggering.
Observation 5: beam recovery request retransmission is beneficial from latency and overhead perspective by avoiding triggering further involved mechanism for recovering connection
Observation 6: NW reaction for beam recovery request reception is needed for UE to decide to take further action for recovering communication or not
Proposal 1: Recovery events similar to RRC measurement events to be used for beam recovery triggering.
Proposal 2: beam recovery request to include retransmission
Proposal 3: NW reaction and UE monitoring target of beam pair link is defined
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