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Introduction
Revised from R1-1715697
For millimeter wave systems, multi-beam operations are always used to compensate the large path loss and improve the coverage. However, UE may happen to see the link failure with high probability due to UE rotation, link blockage and channel fluctuations. Thus, it is important to ensure the robustness of the multi-beam system. In the NR Adhoc meeting in Spokane, it is agreed to support UE-triggered mechanism to recover from beam failure [1]. Based on the above agreement, more progresses were achieved in the last RAN1 meetings [2-6]:
	Agreement:
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”

Agreement:
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

Agreement:
· 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

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

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
· SS block only
· FFS: CSI-RS + SS block
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

Working assumption:
· 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
· FFS Condition 2: Beam failure is detected alone at least for the case of no reciprocity
· FFS how the recovery request is transmitted without knowledge of candidate beam
· Note: if both conditions are supported, which triggering condition to



Based on the above agreed framework, we will discuss some remaining issues.

Discussion
Beam Failure Detection
In RAN1#90 meeting, we agreed to support L1-RSRP reporting of measurements on SS block for beam management procedures, as a complementary to CSI-RS. Thus if NW configure both SS block and CSI-RS for normal beam management, it is possible that some active beam(s) is selected based on SS block based measurement while some active beam(s) is selected based on CSI-RS based measurement. In order to keep consistency, the beam failure detection and selection for a given beam should use the same type of reference signals. Thus we have the following proposals:

Proposal 1: UE should use the same RS type to detect the failure of a beam as that used for the selection of the same beam. 

As for the quality metric for beam failure detection, there are two approaches proposed by various companies:
1. Alt.1: L1-RSRP 
2. Alt.2: Hypothetical performance of NR-PDCCH
In the general beam management procedures, L1-RSRP is widely used for beam measurement, selection and reporting. That is to say, UE/NW decides whether to choose a beam or not only based on L1-RSRP measurement results. Thus we also need to use the same quality metric to determine whether an active beam is no longer good enough, leading to the requirement of the consistent measurements for different procedures. Otherwise there may be ping-pong affect. For example, when NW indicate one “good” beam for transmission based on L1-RSRP reporting, UE may claim the beam failure based on the hypothetical performance of NR-PDCCH.
As for Alt.2, hypothetical performance of NR-PDCCH is not only related to the signal strength, but also ties to the interference. There are some issues to be addressed:
· As there are no always-on signals ( e.g., CRS in LTE), it is difficult to measure the interference from other cells
· As the occurrence of PDCCH in other cells depends on the arrival of UE’s data, the interference will always vary and a relatively long time is needed to average the variation. 
· More complexity at UE side
Based on the above discussions, we can see that Alt.2 is not an attracting solution compared with Alt. 1. Thus we have the following proposal:

Proposal 2: L1-RSRP is used as the quality metric for the beam failure detection. 

New Candidate Beam Identification
In addition to periodic CSI-RS, SS-block within the serving cell can be used for new candidate beam identification. Since there are two different type of signals used for new beam identification, how to configure the specific RS for a given UE was discussed in the last meeting, and agreed to support two configurations of CSI-RS only and SS block only. 
One remaining issue is whether or not to support the configuration of both CSI-RS and SS block for a given UE. One motivation to support such configuration is that wider beam(s) carrying SS block can be used as complementary to the narrower beam(s) carrying CSI-RS for better robustness. For this case, NW can configure CSI-RS for these wider beams and the UE can identify new beam based only on CSI-RS. Thus the configuration of both CSI-RS and SS block for new beam identification is not an essential feature, and the configuration of CSI-RS only can achieve same purpose and similar performance (maybe at some cost of CSI-RS overhead).
On the other hand, if UE is configured to use CSI-RS and SS block to find new beam at the same time, it will be very challenging to compare the measurement results based on the different type of signals. The original design of CSI-RS and SS block are targeted for different purposes and functionalities. As a result, the two types of signals have different characteristics. It is not an easy task to find a way to compare the measurement results based on different signals in a fair way. If we want so, it will take a long time to discuss the comparing criteria and the tight timeline of Rel-15 will not allow lengthy study on it. One way to address the problem is to avoid such comparison.   Thus we have the proposal:

Proposal 3: 	For the new candidate beam identification, NR doesn’t support the configuration of both CSI-RS and SS block for a given UE.

Beam Recovery Request Transmission
It has been agreed to support both PUCCH and the channel based on PRACH for beam failure recovery request transmission. As for the PUCCH based request transmission, there is an open issue whether PUCCH is with beam sweeping or not. The main motivation to introduce PUCCH-based transmission of beam failure recovery request is for the scenarios without beam correspondence. In these scenarios, the UL active beam may be still good enough whereas DL active beams are suffering poor qualities. As a result, there is no need of PUCCH sweeting in these cases. 
On the other side, there will be much more standardization efforts if NR supports the beam sweeping for PUCCH. The design should be discussed in a joint session of MIMO and control channel. Meanwhile, NR has supported the beam weeping for PRACH transmission. Thus if beam sweeping is required, we can use the channel based on PRACH for the request transmission. 
Thus it is not necessary to support beam sweeping for PUCCH-based request transmission.

Proposal 4: Beam sweeping for PUCCH-based beam failure request transmission is not supported in NR.

For the PUCCH-based beam failure request transmission, UE also need to report the new identified beam(s). There may different alternatives to convey such reporting:
· NW configures association between PUCCH resources and new candidate beams. In this alternative, the resource consumption may be large.
· Message carried by PUCCH explicitly indicate the new identified beam. In order to reduce the overhead of the beam indication information, one possible way is to use some tags of the new identified beam rather its CRI or SSB index.  

As for beam recovery request transmission, how to choose between PUCCH and non-contention based PRACH is not clear. There are different options: 
· Opt.1: Configured with either PUCCH or PRACH
· Opt.2: Configured with both, and they are used whenever PUCCH resource or PRACH resource are available
· Opt.3: Configured with both but up to UE implementation on using which one.

For the scenarios with beam correspondence, if the active DL beam(s) is suffering poor quality, the UL beam will also unreliable. In this case UE need to sweep some channels to transmit the beam recovery request. Thus non- contention based PRACH with sweeping is a natural choice. In these cases, the PUCCH without sweeping is of no use. 
For the scenarios without beam correspondence, the UL active beam may be still good enough whereas DL active beams are suffering poor qualities. In these cases, UE can transmit beam failure recovery through PUCCH with no sweeping. If UE successively receives the NW response within a given window, then the link is reestablished for the UE. If UE doesn’t receive a valid response from NW within a given window, UE may have two different alternatives:
· Give up further attempts to recover the beam
· Transmit beam failure recovery request through non-contention-based PRACH with sweeping until the timer is expired
The second alternative is better since it improve the success rate of beam failure recovery.
To summary, we have the following proposal:

Proposal 5: For beam failure request transmission, NR supports the following configurations:
· Configured with PRACH
· Configured with both non-contention-based PRACH and PUCCH but up to UE implementation on using which one, UE cannot transmit request through both of them at the same time

There are some proposals that NR supports Contention-based PRACH resources as supplement to contention-free beam failure recovery resources. As for multi-beam systems, the mechanism of beam failure recovery resource targets the fast reestablish of new active beam pair(s) for transmission once the current active beam pair(s) suffers poor quality and cannot provide reliable transmission. Thus latency is the key KPI for beam failure recovery resource. However, beam recovery request transmission over contention-based PRACH may suffer some collisions, which requiring further steps to deal with such collision. As a result, the latency of such scheme will be potentially large. Therefore, it is not attracting to support beam recovery request transmission over contention-based PRACH. Thus we have the following proposal:

Proposal 6: NR does not support beam recovery request transmission over contention-based PRACH.

NW’s response
After the beam recovery request transmission, UE expects to receive NW’s response. In order to monitor NW’s response, UE needs to monitor some PDCCH for the transmission of NW’s response. Since the previous active beams suffer poor quality, it is not suitable to monitor response on that beam. Meanwhile, UE has found a new good beam and reports the information to NW. Thus it is natural for UE to monitor response on the new identified and reported beam. As a result, UE should monitor PDCCH in the new beam according to some CORSET configuration.

Proposal 7: For any potential new identified beam, [at least] a CORESET associated to it should be indicated to UE.

There are different ways to configure/indicate the association of CORESET and candidate beams:
· NW can configure CORESET(s) for each RS which is configured for UE to measure for the purpose of new candidate bean identification. 
· For a CSI-RS or SS block, if the associated PRACH resource is FDMed or CDMed with the PRACH resources of initial access, beam recovery mechanism can reuse the CORESET(s) signaling via RMSI
· …

Regarding the contents of response, there are various proposals, e.g.,
· CSI-RS configuration/activation for UE measurement
· Configuration/trigger of reporting
· …
In principle, beam failure recovery mechanism aims to reestablish a reliable transmission between UE and NW. Thus whether the beam failure recovery procedures success or not is depending on whether it can confirm a reliable link between UE and NW. One simple and straightforward alterative to confirm a reliable link is to check whether the detection performance of PDCCH is satisfied. Thus once UE detects a valid DL/UL grant on PDCCH, it means reliable transmission over the new link. It does not matter what the contents of the associated PDSCH are. The contents are up to NW’s implementation. For example, NW can directly schedule the data transmission or trigger UE to reporting more information for better decision.

Proposal 8: Reception of any valid DL/UL grant on the corresponding CORSET is regarded as the successive reception of NW’s response.

Handling the Event of Some Serving Control channels fails
In RAN1#90 meeting, beam failure is defined as only when all serving control channels fail. If only a subset of serving control channels fail, it does not belong to beam failure but this event should be handled as well. There may be different alternative to address the event.
One possible alternative is to use the periodic reporting of beam measurement. This alternative will need no additional standardization efforts. In order to maintain the robust link(s), NW needs to know the event as soon as possible so that NW can indicate UE the beam switching in time to avoid the failure of all service control channels. Thus NW will configure UE to report measurement results in a short periodicity, leading to more overhead in UL.
To avoid the problem of the above alternative, an improvement is that UE can trigger reporting when a subset of serving control channels fails. There will be two advantages:
· Less reporting leading to lower overhead in UL
· More timely reporting than periodic reporting
Thus we have the following proposal:

Proposal 9: NR should support UE triggered reporting of DL beam measurement results to facilitate the maintenance of backup/candidate beams at gNB side.

Conclusions
In this contribution, we discuss beam failure recovery mechanism. Based on the above discussions, we have the following observations and proposals:
Proposal 1: UE should use the same RS type to detect the failure of a beam as that used for the selection of the same beam. 
Proposal 2: L1-RSRP is used as the quality metric for the beam failure detection. 
Proposal 3: 	For the new candidate beam identification, NR doesn’t support the configuration of both CSI-RS and SS block for a given UE.
Proposal 4: Beam sweeping for PUCCH-based beam failure request transmission is not supported in NR.
Proposal 5: For beam failure request transmission, NR supports the following configurations:
· Configured with PRACH
· Configured with both contention-based PRACH and PUCCH but up to UE implementation on using which one, UE cannot transmit request through both of them at the same time
Proposal 6: NR does not support beam recovery request transmission over contention-based PRACH.
Proposal 7: For any potential new identified beam, [at least] a CORESET associated to it should be indicated to UE.
Proposal 8: Reception of any valid DL/UL grant on the corresponding CORSET is regarded as the successive reception of NW’s response.
Proposal 9: NR should support UE triggered reporting of DL beam measurement results to facilitate the maintenance of backup/candidate beams at gNB side.

References
[1] RAN1 NR Adhoc Meeting in Spokane, Chairman’s notes
[2] RAN1#88 Chairman’s notes
[3] RAN1#88bis Chairman’s notes
[4] RAN1#80 Chairman’s notes
[5] RAN1 NR Ad Hoc #2 (Qingdao), Chairman’s notes
[6] RAN1#90 Chairman’s notes
[7] RAN1 NR Adhoc Metting #3 in Nagoya, Chairman’s notes

