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1. Introduction 

It was agreed in [1] to support UE-triggered mechanism to recover from beam failure. In previous RAN1 meetings, the following agreements on beam recovery mechanism were additionally made [2][3]:

Agreements (RAN1#88):
The following mechanisms should be supported in NR:

· The UL transmission to report beam failure can be located in the same time instance as PRACH:

· Resources orthogonal to PRACH resources 

· FFS orthogonal in frequency and/or sequences (not intended to impact PRACH design) 

· FFS channels/signals 

· The UL transmission to report beam failure can be located at a time instance (configurable for a UE) different from PRACH

· Consider the impact of RACH periodicity in configuring the UL signal to report beam failure located in slots outside PRACH

· FFS the signal/channel for the UL transmission
Agreements (RAN1#88b):
· 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
Agreements:

· Study how to support at least one mechanism when NW receive the beam failure recovery request

· E.g., NW assigns UL grant for beam reporting, NW transmits DL RS for beam measurement, NW signal beam indication or confirmation to UE, etc. 

· E.g., UE assistance on NW decision of which mechanism to apply

· Whether or not a specific mechanism has specification impact 
In this contribution, we discuss more details on trigger condition, beam failure recovery request transmission channel, and gNB response for beam failure recovery request.
2. Trigger Condition for Beam Recovery
Possibility exists for a UE to be configured with more than one serving beam pair link for control channel transmission. A communication path between UE and gNB exists as long as channel quality of at least one of configured beam pair links is good enough. In such situation, there is normal means under beam management procedure to recover the failed BPL by e.g., beam switching indication. Thus, we consider only the case when the last beam pair link is failing in this contribution.
Observation 1: beam recovery mechanism is to take care of the situation that normal beam management procedure cannot handle: when the last serving beam pair link is to be lost.
To detect beam failure, monitoring serving beam pair link(s) suffices. For a successful beam recovery request transmission, however, a candidate beam needs to be identified as well. Based on these two requirements, different trigger conditions can be considered for NW configuration for flexibility.
Observation 2: for a successful beam recovery request transmission, a candidate beam needs to be identified in addition to serving beam pair link failure detection

A simplest trigger condition for beam recovery request transmission can be for NW to configure constraints only on serving beam pair link(s). For example, serving beam RSRP threshold and/or its corresponding evaluation duration of time. Qualification of a new beam pair link to serve as a candidate beam is decided by UE itself. It should be noted that if the threshold is configured by NW, depending on UE implementation, it is possible for UE to select a candidate beam whose quality is worse than the failing beam pair link as long as UE considers the candidate beam can be operational.
More involved trigger conditions for beam recovery request transmission can be for NW to control both beam failure detection and candidate beam selection. In addition to serving beam RSRP threshold and its corresponding evaluation duration of time, NW also controls a candidate beam selection threshold. To guarantee the quality of selected candidate beam, NW can simply require the quality of a selected candidate beam is better than beam failure threshold by an offset. A few potential trigger conditions/events are summarized below.
· 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)
In the above, the intention of event R1 and event R3 is to consider beam recovery only when serving beam pair link is low enough. For event R2, beam recovery can be triggered when a qualified candidate beam pair link is better than serving beam pair link. This would allow UE to actively assist in beam management procedure. As a result, periodic P-1 reporting periodicity can be increased. The event threshold above can be defined to reflect e.g., control channel decoding error probability. If the threshold for serving beam pair link failure is predefined, event R3 becomes an empty configuration and can be deemed as a default configuration.
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 3: Recovery trigger events provide NW with flexibility to control UE behaviour in beam recovery triggering.

Proposal 1: NR supports different trigger conditions for beam recovery request transmission. This provides NW with flexibility to allow UE assistance in beam management by controling UE behaviour in beam recovery procedure.
Another issue that should be addressed happens when beam failure link is detected but a candidate beam cannot be identified. If candidate beam search space is up to the NW configuration, e.g., CSI-RS resources, it is possible that SS-block can still be used for candidate beam selection. SS-block provides more opportunities for UE to detect and identify candidate beams for recovery, though in this case, non-dedicated resources may be used for the purpose of beam recovery. If a candidate beam is identified by monitoring SS-block, UE would be able to identify e.g., RACH resource associated with the identified SS-block. With beam recovery based on non-dedicated resources, e.g. RACH resource, we can estimate the delay by analogy to LTE control-plane establishment latency including RACH procedure and RRC connection establishment message exchanges, which is around 50ms [5]. This estimated delay is still much smaller than the delay introduced by RLF and the subsequent connection re-establishment procedure. 
Observation 4: If candidate beam search space does not include all SS-blocks, it is possible for UE to find SS-block beam as candidate beam outside the configured search space.
Observation 5: If non-dedicated resource is used for beam recovery purpose, the estimated delay is much smaller than the delay introduced by RLF and the subsequent connection re-establishment procedure.
On the other hand, if a candidate beam cannot be identified in a search space which includes SS-blocks or the above-mentioned contention-based beam recovery fails, from L1/L2 perspective, no further action can be done except waiting for L3 RLF. To reduce the latency, it is beneficial to send beam recovery failure indication to higher layer for early trigger of RLF.
Observation 6: If no qualified candidate beam can be identified, UE cannot proceed on beam recovery procedure.
Proposal 2: If candidate beam search space does not include all SS-blocks based on NW indication, NR supports UE to search over other SS-block beam outside a configured search space for candidate beam.
Proposal 3: If candidate beam is identified from SS-block, NR supports UE to attempt beam recovery via non-dedicated resource associated with the identified SS-block, e.g., the RACH resource associated with the identified SS-block.
Proposal 4: If no qualified candidate beam can be identified, UE provides beam recovery failure indication to higher layer for e.g., RLF early trigger. The use of the beam recovery failure indication is up to RAN2.
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 (PUCCH) or PRACH. As agreed in previous meetings, PRACH, PRACH-like and PUCCH can be considered for beam recovery requests. In LTE, PUCCH is an uplink synchronized channel while PRACH should take care of both uplink synchronized and unsynchronized UEs. Consequently, in LTE, PUCCH is more spectral efficient than PRACH. However, PRACH shares a same property as beam recovery request that beam sweeping has to be carried out in both scenarios. PRACH or PRACH-like channels can hence be considered as a good candidate for beam recovery request. In NR, beam recovery request is designed for RRC_CONNECTED UEs with synchronized uplink timing. If a UE loses timing alignment due to beam failure, it can use DL synchronization signals to adjust its timing before requesting for beam recovery. As mentioned, PRACH preamble is designed for both uplink asynchronous and synchronous transmissions. Consequently, there is space for optimization of PRACH preamble when the scenario of interest is uplink synchronous transmissions. For example, we can reduce the number of cyclic shift samples (NCS) because the round-trip propagation delay has been compensated for uplink synchronized UEs. This optimization leads PRACH to a comparable capacity as PUCCH. Detailed analysis and assumptions are described in the following and summarized in Table 1.  

We compare capacity between PRACH and PUCCH. In LTE, up to 36 scheduling requests (SR) can be carried out by PUCCH format1 in one PRB as illustrated in Figure 1. We hence choose LTE scheduling request (SR) on PUCCH format1 as a candidate for capacity benchmark. 
· Alt.1: We assume the signal is PRACH preamble. The difference between these two schemes is the cyclic shift: Alt.1-A has a longer cyclic shift while Alt.1-B has a shorter cyclic shift.

· Alt.1-A: PRACH preamble with longer cyclic shift 
· Alt.1-B: PRACH preamble with shorter cyclic shift
· Alt.2: We assume the signal is LTE SR on PUCCH format1. To further enhance its capacity, we assume (1) all REs are utilized for SR, (2) no frequency hopping between slot1 and slot2, and (3) additional orthogonal cover code (OCC) applied for slot1 and slot2. Assumption (2) is made so that we can apply OCC to further improving Alt.2’s capacity.
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Figure 1: LTE SR on PUCCH format1
Table 1: Capacity analysis for Alt.1-A, Alt.1-B, and Alt.2
	
	Scheme
	Capacity(per 6PRB)
	Note

	Alt.1-A
	LTE PRACH

(with Ncs=93)
	72 preambles
	LTE PRACH format0, for non-synchronized PRACH: Nzc=839, number of ZC root sequences = 8, and Ncs=93(capacity=72 [4]

	Alt.1-B
	LTE PRACH with reduced Ncs=9
	744 preambles
	LTE PRACH format0 with reduced Ncs for synchronized PRACH: NZC=893, number of ZC root sequences = 8 and NCS=9 ( Capacity=744 

	Alt.2
	Enhanced SR on PUCCH format1
	1008 sequences
	Assuming (1) all REs used for SR, (2) no frequency hopping between slot1 and slot2, and (3) additional orthogonal cover code (OCC) applied for slot1 and slot2


By simply reducing the cyclic shift, the optimized PRACH preamble which is considered as PRACH-like signal can reach about 74% of the enhanced SR capacity in Alt.2. Recall that the beam recovery mechanism is proposed to cope with beam failure. Consequently, gNB needs to sweep over different beams in order to receive new beam indication from a UE that is encountering beam failure. In NR, PRACH is a channel that transmits to gNB through swept beams. Therefore, PRACH-like is a good candidate for beam recovery request. By contrast, if Alt.2, SR on PUCCH format 1, is employed for beam recovery request, a brand new channel has to be introduced and designed. It would hence demand a significant amount of standardization and performance evaluation efforts. 
Observation 7: The capacity of PRACH preamble with a reduced cyclic shift (PRACH-like) in Alt.1-B is comparable to that of enhanced SR on PUCCH format 1 in Alt.2. 
Observation 8: Though the enhanced SR on PUCCH format 1 may provide slightly better resource efficiency than PRACH and PRACH-like signals, it requires much more standardization and performance evaluation efforts.  
Proposal 5:  From the specification impact perspective, only PRACH-like signal should be considered for the beam recovery mechanism. 
It should be noted that beam recovery request resource should be periodic resources and 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. Retransmission mechanisms discussed in PRACH can applied to beam recovery requests as well. 
Observation 9: beam recovery request retransmission is beneficial from latency and overhead perspective by avoiding triggering further involved mechanism for recovering connection.
Proposal 6: beam recovery request should include retransmission behavior.

3.1 Joint design of beam recovery request and scheduling request
As agreed in the previous meeting, beam failure recovery request resource/signal may be additionally used for scheduling request. In this subsection, we propose a joint design of beam recovery request and scheduling request. Time-frequency resources allocated for beam recovery request are for UEs to report beam failure and indicate new beam information to gNB when beam failure happens. However, when the link condition is good and there is no beam failure, these time-frequency resources are being wasted. To fully utilize these allocated resources, we propose to apply them to other requests or indication when a UE is not experiencing beam failure. For example, gNB can assign a connected UE a dedicated PRACH preamble to send beam recovery request and SR. If a UE transmits its dedicated PRACH preamble on the serving beam, it means a scheduling request. On the other hand, if a UE transmits its dedicated PRACH preamble on a non-serving beam, it means a beam recovery request. The example of joint design of beam recovery request and SR is illustrated in Figure 2. 
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Figure 2: Joint design of beam recovery request and scheduling request
Observation 10: Time-frequency resources allocated for beam recovery request can be used for other requests or indication when a UE is not experiencing beam failure.

Proposal 7: In NR multi-beam operations, beam recovery request and scheduling request can be jointly designed to exploit the resource efficiency.
4.  gNB Response for Beam Recovery Request
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 dedicated 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 by NW. 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 3, UE is configured to monitor both serving beam pair link and UE-indicated beam pair link for NW response.
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Figure 3. UE illustration of NW reaction monitoring
Observation 11: Aperiodic trigger of beam measurement and/or reporting, and beam switch indication received from serving beam pair link can be considered as NW response to beam recovery request.
Observation 12: Any activity observed from new candidate beam can be considered as NW response to beam recovery request

Proposal 8: UE observes NW response for beam recovery request from either serving beam pair link or candidate beam pair link, and it can be up to NW configuration. For serving beam pair link, aperiodic trigger of beam measurement and/or reporting, and beam switch indication received from serving beam pair link can be considered as NW response to beam recovery request. For candidate beam pair link, any transmission activity intended for the concerned UE can be considered as NW response to beam recovery request.

5. Conclusion

In summary, based on the above discussion we have the following observations and proposals for NR beam recovery operation:
Observation 1: beam recovery mechanism is to take care of the situation that normal beam management procedure cannot handle: when the last serving beam pair link is to be lost.
Observation 2: for a successful beam recovery request transmission, a candidate beam needs to be identified in addition to serving beam pair link failure detection
Observation 3: Recovery trigger events provide NW with flexibility to control UE behaviour in beam recovery triggering.
Proposal 1: NR supports different trigger conditions for beam recovery request transmission. This provides NW with flexibility to allow UE assistance in beam management by controling UE behavior in beam recovery procedure.
Observation 4: If candidate beam search space does not include all SS-blocks, it is possible for UE to find SS-block beam as candidate beam outside the configured search space.
Observation 5: If non-dedicated resource is used for beam recovery purpose, the estimated delay is much smaller than the delay introduced by RLF and the subsequent connection re-establishment procedure.
Observation 6: If no qualified candidate beam can be identified, UE cannot proceed on beam recovery procedure.
Proposal 2: If candidate beam search space does not include all SS-blocks based on NW indication, NR supports UE to search over other SS-block beam outside a configured search space for candidate beam.
Proposal 3: If candidate beam is identified from SS-block, NR supports UE to attempt beam recovery via non-dedicated resource associated with the identified SS-block, e.g., the RACH resource associated with the identified SS-block.
Proposal 4: If no qualified candidate beam can be identified, UE provides beam recovery failure indication to higher layer for e.g., RLF early trigger. The use of the beam recovery failure indication is up to RAN2.
Observation 7: The capacity of PRACH preamble with a reduced cyclic shift (PRACH-like) in Alt.1-B is comparable to that of enhanced SR on PUCCH format 1 in Alt.2.
Observation 8: Though the enhanced SR on PUCCH format 1 may provide slightly better resource efficiency than PRACH and PRACH-like signals, it requires much more standardization and performance evaluation efforts.
Proposal 5:  From the specification impact perspective, only PRACH-like signal should be considered for the beam recovery mechanism.
Observation 9: beam recovery request retransmission is beneficial from latency and overhead perspective by avoiding triggering further involved mechanism for recovering connection.
Proposal 6: beam recovery request should include retransmission behavior.
Observation 10: Time-frequency resources allocated for beam recovery request can be used for other requests or indication when a UE is not experiencing beam failure.
Proposal 7: In NR multi-beam operations, beam recovery request and scheduling request can be jointly designed to exploit the resource efficiency.
Observation 11: Aperiodic trigger of beam measurement and/or reporting, and beam switch indication received from serving beam pair link can be considered as NW response to beam recovery request.
Observation 12: Any activity observed from new candidate beam can be considered as NW response to beam recovery request
Proposal 8: UE observes NW response for beam recovery request from either serving beam pair link or candidate beam pair link, and it can be up to NW configuration. For serving beam pair link, aperiodic trigger of beam measurement and/or reporting, and beam switch indication received from serving beam pair link can be considered as NW response to beam recovery request. For candidate beam pair link, any transmission activity intended for the concerned UE can be considered as NW response to beam recovery request.
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