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1. Introduction 

Some progress has been made on beam recovery mechanism in previous RAN1 meetings. In this contribution, we discuss more details on trigger condition, beam failure recovery request transmission, and gNB response for beam failure recovery request.
2. Trigger Condition for Beam Failure Recovery Request
Agreements (RAN1#88):
· 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

· Exact definition of such threshold is FFS and other conditions for triggering such mechanism are not precluded

Working assumption (RAN1#89):

· 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
Agreements (RAN1#89):

· Support the following channel(s) for beam failure recovery request transmission:

· FFS Contention-based PRACH resources as supplement to contention-free beam failure recovery resources

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. To detect beam failure, monitoring serving beam pair link(s) suffices. As a baseline case, a candidate beam should first be identified. The candidate beam is then used for beam failure request transmission before beam recovery can be achieved. 
Proposal 1: Confirm the working assumption on trigger condition 1 for beam failure recovery request transmission as agreement.

Latest RAN1 agreements provide some requirements on trigger condition for beam failure recovery request. However, details on how to piece these requirements together need further clarification. Based on current agreements, different trigger conditions can be considered for NW configuration for flexibility.

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 proactively assist beam management. As a result, periodic P-1 reporting periodicity can be increased, or even simply replies on aperiodic reporting. 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 1: Recovery trigger events provide NW with flexibility to control UE behaviour in beam recovery triggering.

Proposal 2: NR supports configurable trigger conditions for beam recovery request transmission.
3. Beam Recovery Request Transmission
3.1 Dedicated PRACH format for Beam Recovery

Agreements (RAN1#89):

· Support the following channel(s) for beam failure recovery request transmission:

· Non-contention based channel based on PRACH, which uses a resource orthogonal to resources of other PRACH transmissions, at least for the FDM case

· 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 

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. 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. 

As listed below, a new PRACH format is constructed by reducing the cyclic shift of LTE PRACH format 0. The multiplexing capacity of the new PRACH format is also compared with that of LTE PRACH format 0

· Alt.1: LTE PRACH format 0.
· Alt.2: The signal follows PRACH preamble. In addition, a reduced cyclic shift based on LTE PRACH format 0 is applied

Detailed analysis and assumptions are summarized in Table 1 REF _Ref481835342 \h 
 \* MERGEFORMAT . It is noted that, by simply reducing the cyclic shift, the new PRACH format can reach 10 times more multiplexing capacity compared to its original format.
Table 1: Multiplexing capacity analysis for LTE PRACH format 0 with different cyclic shift
	
	Scheme
	Capacity(per 6PRB)
	Note

	Alt.1
	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.2
	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 


Observation 2: The multiplexing capacity of a PRACH format with a reduced cyclic shift can be 10 times compared to its original format.
Proposal 3:  NR supports new PRACH format optimized for beam failure recovery purpose. 
3.2 Other Channels for Beam Failure Recovery Request Transmission

Agreements (RAN1#89):

· Support the following channel(s) for beam failure recovery request transmission:

· 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 

While both non-contention based PRACH and PUCCH are supported for beam failure recovery request transmission, it is sensible to differentiate their usage scenarios. For non-contention based PRACH, NW beam sweeping behaviour for receiving request transmission can be inherited from PRACH. It is then reasonable not to assume beam sweeping behaviour for PUCCH, at least from overhead perspective. As a result, using PUCCH for beam failure recovery request transmission is an opportunistic behaviour if a UE is configured to do so. It is noted that the use of PUCCH for beam failure recovery should be carried out with caution since it requires different considerations on trigger condition and NW response monitoring behaviour as those for a non-contention based PRACH.

Observation 3: NW beam sweeping for receiving beam failure recovery request transmission via PUCCH is not needed.

Observation 4: To use PUCCH as beam failure recovery request channel, requirements on corresponding trigger condition and NW response monitoring behaviour are very different from those for a non-contention based PRACH.

Proposal 4: More study is needed on using PUCCH as beam failure recovery request channel.
Another issue that should be addressed happens when beam failure link is detected but a candidate beam with dedicated beam recovery resources cannot be identified. It may happen when e.g., candidate beam search space is configurable by NW in terms of BM CSI-RS resources and its search space is not big enough to capture all meaningful transmission paths for UE, or when dedicated resources for beam recovery do not exist for all detectable SS-blocks if SS-blocks can be used for new candidate beam detection.

In such cases, intra-cell SS-blocks provide more opportunities for UE to detect and identify candidate beams for recovery, though in this case, non-dedicated resources is used for the purpose of beam recovery. Specifically, 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 recovery latency by analogy to LTE control-plane establishment latency including RACH procedure and RRC connection establishment message exchanges, which is around 50ms [1]. It is noted that the value of latency is loose in our case since RRC connection still exists, and is still much smaller than the delay introduced by RLF and the subsequent connection re-establishment procedure if RLF is triggered for recovering the connection.

Observation 5: If candidate beam search space does not include all SS-blocks, it is possible for UE to use SS-block beam as candidate beam outside the configured search space.
Observation 6: If non-dedicated resource is used for beam recovery purpose, the estimated latency via contention-based RACH is still much smaller than the delay introduced by RLF and its subsequent connection re-establishment procedure if RLF is triggered for recovering the connection
Proposal 5: NR supports contention-based PRACH resources as supplement to contention-free beam failure recovery resources in beam failure recovery mechanism
3.3 Joint design of beam recovery request and scheduling request
Agreements:
· Beam failure recovery request transmission

· 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, 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 7: 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 6: In NR multi-beam operations, beam recovery request resource is reused as scheduling request for better resource utilization.
4.  gNB Response for Beam Recovery Request
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

UE behaviour for receiving gNB response for beam failure recovery request depends on corresponding trigger condtion. 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 8: 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 9: Any activity observed from new candidate beam can be considered as NW response to beam recovery request.
Proposal 7: 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:
Proposal 1: Confirm the working assumption on trigger condition 1 for beam failure recovery request transmission as agreement.
Observation 1: Recovery trigger events provide NW with flexibility to control UE behaviour in beam recovery triggering.
Proposal 2: NR supports configurable trigger conditions for beam recovery request transmission.
Observation 2: The multiplexing capacity of a PRACH format with a reduced cyclic shift can be 10 times compared to its original format.
Proposal 3:  NR supports new PRACH format optimized for beam failure recovery purpose.
Observation 3: NW beam sweeping for receiving beam failure recovery request transmission via PUCCH is not needed.
Observation 4: To use PUCCH as beam failure recovery request channel, requirements on corresponding trigger condition and NW response monitoring behaviour are very different from those for a non-contention based PRACH.
Proposal 4: More study is needed on using PUCCH as beam failure recovery request channel.
Observation 5: If candidate beam search space does not include all SS-blocks, it is possible for UE to use SS-block beam as candidate beam outside the configured search space.
Observation 6: If non-dedicated resource is used for beam recovery purpose, the estimated latency via contention-based RACH is still much smaller than the delay introduced by RLF and its subsequent connection re-establishment procedure if RLF is triggered for recovering the connection
Proposal 5: NR supports contention-based PRACH resources as supplement to contention-free beam failure recovery resources in beam failure recovery mechanism
Observation 7: 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 6: In NR multi-beam operations, beam recovery request resource is reused as scheduling request for better resource utilization.
Observation 8: 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 9: Any activity observed from new candidate beam can be considered as NW response to beam recovery request.
Proposal 7: 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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