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1 Introduction 
In the past few meetings, it has been agreed that UE beam failure recovery mechanism includes the following four aspects: 

· Beam failure detection

· New candidate beam identification

· Beam failure recovery request transmission

· UE monitors gNB response for beam failure recovery request
In fact, the basic functionality of beam failure recovery will be complete if the details of the four aspects are clear. In this contribution, we further discuss the remaining details of beam failure recovery mechanism.
2 Beam failure detection
To detect beam failure, the UE monitors beam failure detection reference signal (RS) to assess if a beam failure trigger condition has been met. The triggering condition is agreed in RAN1#90:

	Agreements:
• Beam failure is declared only when all serving control channels fail.

• When a subset of serving control channels fail, this event should also be handled

· Details FFS


 The remaining issues include what is the RS for beam failure detection and the quality measure of beam failure.
2.1 RS for beam failure detection

The RS for beam failure detection at least include periodic CSI-RS for beam management is agreed in RAN1#88bis meeting. However, the agreement also points out SS block can also be considered if SS block is also used for beam management. In RAN1#90, the following agreement has been made, which indicates SS block can be used for beam management.
	Agreements:
· Support L1-RSRP reporting of measurements on SS block for beam management procedures

· The following configurations for L1-RSRP reporting for beam management are supported 
· SS block only (with mandatory support by UE)
· CSI-RS only (with mandatory support by UE)
· SS block + CSI-RS independent L1 RSRP reporting
· Joint L1-RSRP using QCL-ed SS-block + CSI-RS is optionally supported by UE (with optionally support by UE)


Since it is possible to configure SS block only L1-RSRP reporting for beam management, it would be natural to also use SS block for beam failure detection, rather than additionally configure CSI-RS resource only for beam failure detection purpose. And based on the agreement, the network can also configure the UE with CSI-RS + SS block L1-RSRP reporting for beam management. The possible usage scenario of this configuration is that the UE is currently served with narrow CSI-RS beams. The wider coverage SS block beams are used for potential new beam identification. In case the SS block L1-RSRP is good enough, the network can request the UE to perform finer measurement on narrower CSI-RS beams based on the newly identified SS block beam. In this case, it seems that configuring both CSI-RS and SS block for beam failure detection is not necessary. Thus, we have the following proposal.
Proposal 1: Support the following RS configuration for beam failure detection:

· CSI-RS only

· SS block only

2.2 Quality measure for beam failure detection

Based on previous meeting discussion, there are two categories for the quality measure for beam failure detection:
· L1-RSRP based
· SINR based

The main argument for companies supporting SINR based approach is that good L1-RSRP is not directly linked to good channel quality. However, it is worth noting that L1 beam failure recovery is mainly used to deal with the sudden blockage circumstances. In this case, L1-RSRP is enough to detect such kind of event. Other the other hand, SINR based approach needs to measure interference, which is rather dynamic. And it would take longer time to get the averaged results. Considering the above issues, we have the following proposal.
Proposal 2: L1-RSRP based metric is used for the quality measure for beam failure detection.
3 New candidate beam identification
When all serving control beams fail, the UE needs to find new candidate beam and transmit beam failure recovery request to notify the network. The UE will monitor beam identification RS to find a new beam. It should be noted that the UE can have already found the candidate beam before the beam failure is declared. In RAN1#90, the following agreement regarding new candidate beam identification RS is made:

	Agreements:
· In addition to periodic CSI-RS, SS-block within the serving cell can be used for new candidate beam identification

· The following options can be configured for new candidate beam identification

· CSI-RS only

· Note: in this case, SSB will not be configured for new candidate beam identification

· SS block only

· Note: in this case, CSI-RS will not be configured for new candidate beam identification

· FFS: CSI-RS + SS block


Based on the above agreement, either CSI-RS or SS block can be the RS for new candidate beam identification. The remaining issue is whether the combination of CSI-RS and SS block can be configured. From our point of view, CSI-RS can be narrow beam or wide beam depending on configuration. For beam identification, the functionality of SS block can be fully supported by CSI-RS. The joint configuration is like an optimization and can be delayed to later releases. In addition, if joint configuration is supported, the association between resources of SS block/CSI-RS and dedicated PRACH resources needs to be discussed. Considering the remaining meeting time, it is proposed not to support CSI-RS + SS block for new candidate beam identification in this release.
Proposal 3: Configuring CSI-RS + SS block for new candidate beam identification is not supported in Rel-15.
Another issue is that in case there is no new candidate beam identified what the UE behaviour is. Through proper network configuration, the UE should be able to find new candidate beam by either CSI-RS or SS block. The possible situation of this case is when the UE is fully blocked and there is no other beams can provide coverage for the UE. In this situation, it’s better not to declare RLF immediately and wait for the channel condition to recover. Therefore, the UE should be allowed to search new candidate beams until RLF is declared.
Proposal 4: In case there is no new candidate beam identified, the UE is allowed to perform RLM and keep searching new candidate beams until RLF is declared.
4 Beam failure recovery request transmission
The working assumption of the triggering condition of beam failure recovery request transmission agreed in last RAN1 ad-hoc meeting is as follows:

	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


Hence, when beam failure is detected and candidate beam is identified, the UE should perform beam failure recovery transmission. The current agreement regarding the channels for beam failure recovery request transmission is summarized as follows:

· Non-contention based on PRACH, resource orthogonal to other PRACH by FDM or by CDM

· FFS: TDM

· PUCCH

· FFS: whether PUCCH is with beam sweeping or not
· FFS: Contention based PRACH supplement to contention free
Since the current agreements support transmitting the beam failure recovery request based on non-contention based PRACH by FDM or CDM, there seems less need to additionally support TDM based approach at this point. The motivation of supporting contention based PRACH is when there are a lot of connected UEs in the network and the dedicated PRACH resources are not enough. However, considering millimetre wave system, the cell coverage is rather limited. Therefore, the situation of a large number of connected UEs within a cell operating in millimetre wave band without enough dedicated PRACH resource would be rather rare.
Proposal 5: For beam failure recovery request transmission on PRACH, do not support using the resource that is TDM with other PRACH resources.

Proposal 6: Contention based PRACH for beam failure recovery request transmission is not supported in Rel-15.
Regarding PUCCH, there are still many remaining issues, which include at least the following:
· The situations to use PUCCH instead of PRACH
· The PUCCH format to use

· The information carried by PUCCH

· Whether there is a need to have new PUCCH format design

· Whether PUCCH is with beam sweeping or not

Considering the remaining time is limited, we propose the delay the PUCCH approach to a later release.
Proposal 7: Postpone the support of PUCCH based beam failure recovery request transmission to Rel-16.
5 UE monitors gNB response for beam failure recovery request
After transmitting beam failure recovery request, the UE then monitors the gNB’s response on control channel. In the second RAN1 ad-hoc meeting, the following agreement regarding beam failure recovery transmission configuration is made.

	Agreements:
· RAN1 agrees that the certain number of beam failure recovery request transmissions is NW configurable by using some parameters

· Parameters used by the NW could be:

· Number of transmissions

· Solely based on timer

· Combination of above

· FFS: whether beam failure recovery procedure is influenced by the RLF event


Based on the agreement, UE shall perform certain number of beam failure recovery transmissions, which is configured by network. The intention is to control the number of transmissions by network to avoid excessive retransmissions. From our view, if the beam recovery transmission is based on non-contention based PRACH, procedures similar to random access can be adopted. After transmitting the beam failure recovery request by PRACH, the UE shall monitor the response from network for an observation time window. If there is no response from the network within the time window, UE shall perform retransmissions, and the number of retransmissions can be applied is controlled by network.
Proposal 8: For beam failure recovery request transmission based on non-contention based PRACH, 
· The network shall configure an observation time window for the UE to monitor the network response of the beam failure recovery request transmission.

· The UE shall perform retransmissions if there is no network response within the observation time window, and the maximum number of retransmissions is configured by network.
Another issue is what should be incorporated in the content of the network response. Based on the discussions, some proposals include beam refinement configuration or uplink grant for beam reporting. From our view, depending on the channel used for beam failure recovery request transmission, the network response could possibly be different. For example, if PUCCH is used, the content of PUCCH could carry the beam quality report of the newly identified beam. In this case, network can decide if there is a need for further beam refinement and trigger the corresponding aperiodic beam reporting in the network response. When PRACH is used, it would be efficient to include uplink grant in the network response if the UE has something to transmit (e.g. beam quality report of the newly identified beam). However, the most important aspect of the network response is to tell the UE that the network has received the request. Therefore, the network should at least send something to the UE to confirm. Beam reporting or beam refinement configuration can be done later after the confirmation if network thinks it’s needed.
Proposal 9: At least simple beam failure recovery confirmation with no beam refinement configuration or beam quality report is supported.
6 Conclusion

In this contribution, we have discussed the remaining details of beam failure recovery procedure, and we have the following proposals. 
Proposal 1: Support the following RS configuration for beam failure detection:

· CSI-RS only

· SS block only

Proposal 2: L1-RSRP based metric is used for the quality measure for beam failure detection.
Proposal 3: Configuring CSI-RS + SS block for new candidate beam identification is not supported in Rel-15.
Proposal 4: In case there is no new candidate beam identified, the UE is allowed to perform RLM and keep searching new candidate beams until RLF is declared.
Proposal 5: For beam failure recovery request transmission on PRACH, do not support using the resource that is TDM with other PRACH resources.

Proposal 6: Contention based PRACH for beam failure recovery request transmission is not supported in Rel-15.
Proposal 7: Postpone the support of PUCCH based beam failure recovery request transmission to Rel-16.
Proposal 8: For beam failure recovery request transmission based on non-contention based PRACH, 

· The network shall configure an observation time window for the UE to monitor the network response of the beam failure recovery request transmission.

· The UE shall perform retransmissions if there is no network response within the observation time window, and the maximum number of retransmissions is configured by network.
Proposal 9: At least simple beam failure recovery confirmation with no beam refinement configuration or beam quality report is supported.
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