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1. Introduction
In RAN1#AH-NR3 meeting, the following aspects on confirming working assumption of triggering condition of beam recovery request transmission and using CDM for PRACH transmission have been agreed [1].

Agreements:
· WA on trigger condition 1 for beam recovery request transmission is confirmed with following revision

· “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:
· The following working assumption is confirmed

· For beam failure recovery request transmission on PRACH, support using the resource that is CDM with other PRACH resources

· Note that CDM means the same sequence design with PRACH preambles. 
· Note that the preambles for PRACH for beam failure recover request transmission are chosen from those for contention-free PRACH operation in Rel-15
· Note: this feature is not intended to have any impact on design related to other PRACH resources
· Further consider whether TDM with other PRACH is needed
· Note: Companies may further study the necessity and feasibility of additional cyclic shifts on the preamble sequences for transmission of beam failure recovery requests

In addition, we have the following agreement for configuration for new candidate beam identification.
Agreements:
· For new candidate beam identification purpose
· In CSI-RS only case, a direct association is configured between only CSI-RS resources and dedicated PRACH resources

· In SS block only case, a direct association is configured between only SS block resources and dedicated PRACH resources

· In CSI-RS + SS block case (if supported), an association is configured between resources of CSI-RS/SSB and dedicated PRACH resources

· CSI-RS and SSB can be associated with the same dedicated resource through QCL association

In this contribution, beam recovery mechanisms including beam failure detection, new candidate beam identification, beam failure recovery request and its NW responses are further discussed.
2. Beam recovery procedure 

2.1 RS for beam recovery

Taking into account the flexibility of RS configuration and already agreements on CSI-RS used for beam management, periodic CSI-RS has been agreed for beam recovery firstly. In RAN1#90, SS block has been agreed to be used for new candidate beam identification. Also SS block has been agreed to be used for beam indication for initial PDCCH, which means that in some case only SS block can be QCLed with PDCCH, instead of CSI-RS. So it is recommended that SS block can be used for beam failure detection in addition to periodic CSI-RS. Additionally SS block has been agreed to be used for RLM, and as a consequence capturing SS block would be beneficial to keep RLM and beam recovery consistent in terms of monitoring link qualities.
Proposal-1:   In addition to periodic CSI-RS, SS block can be used for beam failure detection.
gNodeB configures the type and setting of these RS resources for beam recovery, taking into account that SS block and periodic CSI-RS are supported both. Regarding beam failure detection, those beams associated with configured RS may not contain all candidate beams for control channel or may not be exactly the same spatial filtering as control-channel beams. Regarding new candidate beam identification, SS block should be configured for whole spatial coverage at least through SIB, which can be used for anti-blockage; also, the periodic CSI-RS should be configured by high layer signal (e.g., RE pattern, number of CSI-RS antenna ports, periodicity), such as some Tx beams neighbouring transmission ones, which can be capable of handling the issues of UE rotation.  
Proposal-2:   To support flexible RS configuration for monitored beam(s) and new candidate beam identification by gNodeB.

2.2 Triggering condition for beam recovery request transmission
In RAN1 NR-AH#3, it has been agreed that the triggering condition for beam recovery request transmission is that beam failure is detected and candidate beam is identified. This triggering condition should be specified in NR specification clearly. 

Generally, gNodeB should configure quality thresholds and time windows for UE beam monitoring and new candidate beam identification. Within this time window, if UE finds that the following conditions are both met,
· Condition 1: All the channel qualities based on the configured DL RS resource(s) for beam failure detection are below the threshold of beam failure detection
· Condition 2: the offset value between channel quality of the new identified beam(s) and any of the configured DL RS resource(s) for beam failure detection are all higher than the configured quality threshold on the offset value
UE should trigger beam recovery request transmission accordingly, i.e., in the case that beam failure is detected and candidate beam is identified. 
Regarding the metric for beam failure detection, i.e., Condition 1, SINR, i.e., hypothetical PDCCH BLER, can well represent the channel quality over RSRP due to the fact that the interference besides noise is considered, like RLM. It should be noted that for the case that multiple beams are configured for being monitored, the mentioned beam quality should be calculated for each of the monitored RSs with linear average within time window. If there are several chances for monitoring beam transmission within this window, UE can switch its RX beam with better reception quality according to prior knowledge. In addition, taking into account that RSRP has lower calculation complexity than SINR, it should be considered that RSRP is used for first-level triggering metric, and if first-level triggering condition(s) have been met, SINR can be used for the final determination.  
Regarding the metric for new candidate beam identification, i.e., Condition 2, RSRP is used instead of SINR, taking into account the UE complexity of estimating channel qualities of numerous candidate beams (e.g., up to 64 SS blocks can be configured for new candidate beam identification). However, as one kind of absolute power metric, the expected RSRP value for basic transmission (e.g., MCS=1) can be quite different for different devices, e.g., impact of noise figure and baseband algorithm, instead offset value between channel qualities of new identified beam(s) and monitoring beams is recommended as a threshold for Condition 2 accordingly, e.g., >10 dB.  The offset value on RSRP can be used to derive the offset value on SINR with the same interference condition which means SINR of any identified beam is expected to be above the SINR threshold of Condition 1 if the offset value of Condition 2 is met.
Proposal-3: If all the estimated link qualities corresponding to hypothetical PDCCH BLER based on the configured DL RS resource(s) are below the threshold of beam failure detection within the configured monitoring window, beam failure event is declared
· FFS: whether or not reuse the threshold of OOS in RLM 

· FFS: the values of monitoring window, e.g., [20] ms 

Proposal-4: The parameter of offset value between channel quality of new identified beam(s) and monitored beam(s) should be supported as a threshold for new candidate beam identification.  
If UE still cannot find the desirable Tx beam within this window, UE would need to restart the cell selection and random access procedure. Considering that the subset of serving control channels fails, this event can be handled by general beam management, e.g., the periodic beam measurement, periodic beam reporting and beam indication if necessary. Some implementation examples can be found in our companion contribution [2].
2.3 Beam failure recovery request transmission 
PUCCH and non-contention based channel based on PRACH for beam failure recovery request both should be supported in NR and can be configured by gNB accordingly. PUCCH and PRACH are used for new candidate beam(s) associated with periodic CSI-RS and CSI-RS/SS block, respectively, taking into account that in general we can reuse some part of PUCCH format containing CRI for beam reporting and the time-domain mapping between PRACH and CSI-RS/SS block for indicating DL Tx beams for SS block.  
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Figure 1  Diagram of radiation patterns and directions for periodic CSI-RS and SS block 
Additionally, as an unexpected event, UE and gNB cannot guarantee whether or when beam failure event occurs. If all UEs are allocated with dedicated resource for potential beam failure recovery request transmission, the whole overhead for beam recovery would be huge and might not be necessary. Therefore, the portion of UEs, e.g., entering DRX mode or having a higher NACK ratio within one observation window, is configured with dedicated resources associated with its ID under time domain constraints. On the other side, other UEs would not have one dedicated resource, like sharing some UL resources within UE group, but have contention approach for beam failure recovery requesting. 
PUCCH for contention-free request  
If UE is still in-sync for UL and has PUCCH resources configured for beam failure recovery transmission, the beam failure recovery request signaling can be transmitted through PUCCH, which can be multiplexed with SR channel, as shown in Figure 2. To be more specific,

· gNB configures the association between UL PUCCH resource and CSI-RS resource set one by one. The association can be implicitly or explicitly conduct through spatial QCL association, e.g., CSI-RS resource set (–> SS block) -> UL PUCCH; 

· The identified beam(s) is reported by CRI(s), which is to indicate one or more CSI-RS resource(s) from the associated CSI-RS resource set;

· PUCCH channel can be capable of handling the issues of UE rotation, since the periodic CSI-RS should be configured by high layer signal, such as some Tx beams neighbouring transmission ones;
· Additionally, the timing advance for PUCCH can be estimated based on the DL RS associated with candidate beam(s). As a consequence, the time of arrival (ToA) difference 
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 between current DL RS and previous RS estimated for TA can be obtained, and the TA for this PUCCH should be equal to Tpre+
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,    where Tpre denotes the timing advanced value of the previous RS estimated for TA. 
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Figure 2  Beam failure recovery request transmission through PUCCH, when UE is still in-sync for UL and has the PUCCH resources configured for beam recovery. 
The resources configured for beam recovery can be considered for other functionalities, like UL beam training and UL control signaling, taking into account that the beam recovery signaling would not use these resources mostly. For instance, the UL beam forming or its RSRP measurement can be done based on its associated DMRS, which can be used for UL beam tracking for link maintenance as shown in Figure 2. It should be noticed that the other functionalities should have lower priority over beam recovery request signaling, and if the beam failure event occurs these resource would be directly used for beam failure recovery transmission. For example, regular periodic PUCCH or SRS can be configured in the same region. Beam recovery signal would pre-empt its transmission if beam failure happens. 
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Figure 2  Second priority functionalities for PUCCH resources configured for beam recovery, e.g, UL channel measurement, control signalling, etc. 
Proposal-5: NR PUCCH is supported to be transmitted with beam sweeping while UE is in-sync for UL.
Proposal-6: PUCCH resources configured for beam recovery can be reused for second priority functionalities, like UL beam training and UL control signaling, but beam recovery signal would pre-empt its transmission if beam failure happens.
Non-contention based channel based on PRACH 
If UE has dedicated PRACH configured by gNB, the beam failure recovery request signals can be transmitted on non-contention based channel based on PRACH. The information about identifying UE or new gNB TX beam should be carried by the beam failure request. The preamble sequence can be used as the index of UE identification. The request time and frequency resource is associated with SS block, according to NR-initial access agreement for the mapping between SS block and time domain location of PRACH, to represent the new gNB TX beam.
The PRACH for beam recovery should reuse the sequence and format of PRACH for original random access in NR Phase I, and the optimization if any should be left for NR Phase II.  

Proposal-7: For non-contention PRACH-based beam recovery request transmission, reuse the same mechanism of initial access preamble transmission design in the following aspects;
· PRACH preamble sequence generation

· Notes: it is agreed that PRACH preamble sequence is reused from RACH procedure

· Transmit power control mechanism 
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Figure 1  Beam failure recovery request transmission through non-contention based channel based on PRACH, when UE is configured with non-contention based PRACH. 
2.4 NW response for beam failure recovery request 
After receiving beam failure recovery request signalling, gNB should send confirmation signalling containing UL schedule indication for the targeted UE. In the case of contention-based request through PRACH-like channel, UE would send its information indicating its ID besides ACK/NACK. The additional beam reporting and beam training might be necessary but should be considered as general beam management instead of beam recovery taking into account that the UL and DL communication links have been available. It should be further studied whether there exists performance gain if beam reporting/sweeping is also triggered by beam failure recovery requesting. If no NW response is received after a certain number of transmission(s), UE notifies higher layer entities of radio link failure request determined by combination of a timer as well as the number of re-transmission(s).

Proposal-8: Support configurable timer and maximum number of beam recovery request transmissions as criteria to decide unsuccessful recovery from beam failure:

· While timer expiry or reaching the maximum number, unsuccessful recovery from beam failure is declared

· FFS: the values of timer, e.g., [100] ms

· FFS: the maximum number of retransmissions, e.g., [5] 

Besides beam recovery procedure, NR also supports the radio link failure (RLF) monitoring which is analogous to LTE. The aperiodic beam recovery failure indication, also called as aperiodic unsuccessful recovery of beam failure, has been supported to notify the higher layer that RLF failure can be declared directly due to the fact that UE refrains from further beam failure recovery once sending an indication to higher layers. Meanwhile whether or not beam recovery procedure start, i.e., event of beam failure, should also be informed of IS/OSS generation algorithm, which means that periodic OOS should be notified for higher layer during beam recovery procedure. If the beam recovery succeeds, the PDCCH quality monitoring can be based on new candidate beams accordingly.  
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Figure 3  Relationship between beam recovery and RLF. 
3. Configuration for beam recovery

In beam recovery architecture, there might have more than one candidates for each sub-procedure, like triggering condition, RS(s), UL resource(s), etc, which would induce high complexity of standardization if considering cross relationship between any of candidates. In order to accelerate standardization and provide more flexibility and forward comparability, the concept of process, like CSI process from LTE CoMP, should be introduced into beam recovery. To be more specific, each process has independent setting(s) and as a consequence multiple process can be naturally used to support more than one candidates, respectively. For instance, if gNB would like to configure PUCCH and non-contention-based resource for one UE, gNB just need to establish the two independent processes (related to PUCCH and non-contention-based resource, respectively) accordingly. 
According to analysis for beam recovery procedure in Section II, the following settings used for beam recovery per process are summarised, which are configured by means of high layer signalling per the beam recovery process. 

· Beam failure detection setting:

· Setting parameter for periodic CSI-RS(or SS block) for beam failure detection
· Configuration of SS blocks, and/or CSI-RS resources (e.g., RE pattern, number of CSI-RS antenna ports, periodicity) (if configured), etc.

· Triggering threshold and monitoring windows setting
· New candidate beam identification setting

· Setting parameter for periodic CSI-RS or SS block for new candidate beam(s) identification
· Configuration of SS blocks, and/or CSI-RS resources (e.g., RE pattern, number of CSI-RS antenna ports, periodicity) (if configured), etc.

· Triggering threshold and monitoring windows setting
· Beam failure recovery request transmission setting

· PUCCH-related
· Setting for allocated PUCCH resource, e.g., configuration of its corresponding UL resources and time window.
· Mapping configuration between PUCCH resource and periodic CSI-RS resource set for new candidate beam(s);

· PRACH-related
· Setting for allocated contention-free PRACH resource, e.g., configuration of its corresponding UL resources and time window.
· Mapping configuration between PRACH resource and CSI-RS/SS block for new candidate beam(s);

· NW response for beam failure recovery request setting

· Timer and/or counter setting for  notifying higher layer entities of radio link failure request
· Configuration for PDCCH searching space

Taking into account the complexity of standardization, some of the setting can be predefined for the first release of NR but some reserved fields for them seems necessary for forward compatibility.

Proposal-9:   Introduce the concept of process into configuration of beam recovery mechanism.
4. Conclusion

This contribution provides our following observations and proposals for beam recovery mechanism: 
Proposal-1:   In addition to periodic CSI-RS, SS block can be used for beam failure detection.
Proposal-2:   To support flexible RS configuration for monitored beam(s) and new candidate beam identification by gNodeB.

Proposal-3: If all the estimated link qualities corresponding to hypothetical PDCCH BLER based on the configured DL RS resource(s) are below the threshold of beam failure detection within the configured monitoring window, beam failure event is declared
· FFS: whether or not reuse the threshold of OOS in RLM 

· FFS: the values of monitoring window, e.g., [20] ms 
Proposal-4: The parameter of offset value between channel quality of new identified beam(s) and monitored beam(s) should be supported as a threshold for new candidate beam identification.  

Proposal-5: NR PUCCH is supported to be transmitted with beam sweeping while UE is in-sync for UL.
Proposal-6: PUCCH resources configured for beam recovery can be reused for second priority functionalities, like UL beam training and UL control signaling, but beam recovery signal would pre-empt its transmission if beam failure happens.
Proposal-7: For non-contention PRACH-based beam recovery request transmission, reuse the same mechanism of initial access preamble transmission design in the following aspects;
· PRACH preamble sequence generation

· Notes: it is agreed that PRACH preamble sequence is reused from RACH procedure

· Transmit power control mechanism 

Proposal-8: Support configurable timer and maximum number of beam recovery request transmissions as criteria to decide unsuccessful recovery from beam failure:

· While timer expiry or reaching the maximum number, unsuccessful recovery from beam failure is declared

· FFS: the values of timer, e.g., [100] ms

· FFS: the maximum number of retransmissions, e.g., [5] 
Proposal-9:   Introduce the concept of process into configuration of beam recovery mechanism.
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