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1 Introduction

At the RAN1 89 meeting, the mechanisms to provide robustness against beam pair link blocking and beam failure recovery mechanism were discussed [1]. The following agreements are concluded 
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 use by UE also depends on both gNB configuration and UE capability

Agreements:
· 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 other ways of achieving orthogonality, e.g., CDM/TDM with other PRACH resources

· 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 

· FFS: Retransmission behavior on this PRACH  resource is similar to regular RACH procedure

· 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 

· FFS whether a UE is semi-statically configured to use one of them or both, if both, whether or not support dynamic selection of one of the channel(s) by a UE if the UE is configured with both 
In the agreed mechanism, a UE triggers to report UL signal to tell a TRP beam failure when it judges beam failure happens. RAN1 should carefully define proper conditions based on which UE can trigger such a reporting considering different scenarios. In this contribution, we describe our general views on efficient mechanism for beam failure recovery.
2 Discussion on NR beam failure recovery
2.1 Discussion on beam failure scenarios
Before we discuss the beam failure recovery procedure, we need to identify the scope and use case of beam failure recovery especially to distinguish it with beam reporting and switching.
In the practical communication system, it is feasible that gNB configures the UE with different serving beam pair for downlink and uplink especially for non beam correspondence scenario. Given this, there exist three different beam failure scenarios as shown in Figure 1. For case 3, UL beam fails but DL beam is available case, gNB can sense it by detecting the uplink signal and then signal UE to either perform uplink beam switching or initiate the UL beam training procedure. The most critical case is case 1 and case 2 where DL beam fails, and UE cannot receive the signal from gNB with the serving DL beam and gNB cannot instruct UE with any behaviors to recovery the link. In this case, some specific procedure should be defined to enable UE to obtain the new DL beam to set up the DL communication link quickly.
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Figure 1.Different beam failure scenarios
The difference between the specific beam link recovery procedure with regular beam reporting and switching procedure is either no available UL resource for the beam reporting or no available DL resource for signaling the beam switching for beam failure recovery procedure.
For case 1 where both DL and UL beam fails, the beam recovery request should be transmitted with multiple candidate beams for gNB to acquire it successfully and in the meanwhile to identify a new available UL beam from the set of multiple beams. In addition to UL beam training, DL beam training is also required to find a new DL beam for this case.
For case 2 where only DL fail but UL beam is still available, UL beam training is unnecessary and beam failure request can be transmitted with the serving UL beam. 
Proposal 1: Beam failure recovery should include DL beam failure only and both DL and UL beam failure scenarios. And for DL beam failure only and both DL and UL beam failure case, different beam recovery procedures should be designed.
2.2 Beam failure detection 
To achieve robust transmission, control channel can be transmitted with multiple beams in case that one beam is blockage but other beam can still be work. If N beams are configured for a UE’s control channel, the definition of the beam failure is based on all beams fails or one out N beams fails should be dependent on different scenario or different traffic type. For the traffic type with high reliability requirement, the UE should report the beam failure information to the gNB once one out of N beam fails to assist gNB to find a new suitable beam. In the meanwhile, regarding different scenario, for UE’s data transmission duration scenario and no data transmission duration scenario, different beam number can also be configured for the beam failure detection as shown in Figure 2.For no data transmission duration, the beam failure can be triggered less frequently by configuring all N beams to fulfill the condition.
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Figure 2.beam failure conditions for different scenarios 
The following conditions for triggering the beam failure recovery can be considered
· The quality of serving beam(s) falls below a threshold within a time window 

· The quality of serving beam(s) falls below a threshold within a time window and the quality of a candidate beam is continuously higher than a threshold within a second time window
It should be noted the time window is analogous to the timer defined in higher layer for RLF, which is used to prevent the frequent beam switching. To support the flexible configurations to achieve the tradeoff between the frequency of beam switching and the reliability of beam failure detection, we have the following proposal
Proposal 2: The beam number for declaring beam failure should be configurable, e.g. according to different traffic type and scenario. The time window duration for the beam failure detection can be configurable.
2.3 Triggering conditions for beam failure recovery request 
In last meeting, there are intensive discussions on the triggering conditions for beam failure recovery request, and the following conclusions are made: 
· 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
· Triggering condition 1: 
For condition 1, it is feasible when the new beam can be identified shortly after the beam failure detection. As shown in Figure 3, UE detects the serving beam of B3 fails at T0 but identifies the new beam at T1, and UE can trigger the beam failure request at T1as condition1 is satisfied. In this case, the beam failure request can conveys the new beam information. And in the subsequent subframe, UE is expected that gNB will transmit the beam failure response with its recommended beam and thus perform the blind detection within the search space corresponding to the recommended beam as shown in step 2. Following step 2, the beam quality information is needed to be reported for the scheduling if the uplink channel for step 1 is RACH channel which is not available carry the beam quality information. 
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Figure 3.Triggering condition 1 for beam failure recovery request
· Triggering condition 2: 
In addition to condition 1, we think triggering condition 2 should also be supported for the following two use cases.
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Figure 4.Triggering condition 2 for beam failure recovery request
Firstly, it may happen that UE detects the beam failure at certain instance, but after a long duration it still fails to detect a new candidate beam. As shown in Figure 4, UE detects the serving beam of B3 fails at T0 and tries to identify the new beam until T2 but it still fails. In this case, it will lead to high latency for UE to wait until identifying a new beam at T4 to initiate the beam failure request if condition1 cannot be satisfied. To speed up the beam failure recovery procedure, the triggering condition can be relaxed, the UE can initiate the beam failure recovery request based on condition 2 in which the new beam identification is not required. After gNB receives the beam failure recovery request by UL multiple beam sweeping in step 1 in Figure 4, it can trigger the transmission of aperiodic RS for beam measurement, e.g. DL multiple beam sweeping in step 2. UE then identify the new available beam based upon the measurement of the aperiodic RS for beam measurement. It can significantly reduce the latency of beam failure recovery. A time window can be defined for UE to determine when to adopt triggering condition 2. Within the time window, UE can trigger the beam failure recovery request based on the triggering condition 1.Beyond the time window, triggering condition 2 can be applied. 
Secondly, for non beam correspondence scenario, the DL beam pair link is different with the UL beam pair link. Given this, even if the UE can identify the new available DL beam pair link, this DL beam pair link cannot be used for the receiving of beam failure recovery request. Therefore, the beam failure recovery request should be transmitted and received with a beam sweeping manner. As shown in Figure 4, gNB receives the beam failure recovery request with multiple UL beams due to no beam correspondence, and it can either search for an optional beam or perform the combination with multiple beams for the detection of the beam failure recovery request. And then gNB will transmit the downlink signal with multiple DL beams for UE to find a new available DL beam. UE acquires the new UL beam information from downlink signal and feedback the new DL beam information on the UL channel. Until now, the new DL beam and UL beam are identified and the communication can be set up based on it. Since the transmission of beam failure recovery request will not rely on the identification of a new DL beam, it is not necessary to include the new DL beam identification as the triggering condition.
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Figure 5.Beam failure recovery procedure for triggering condition 2 
From the above discussion, we have the following proposal
Proposal 3: Triggering condition 2 for beam failure recovery request should be supported.
2.4 UL channel/signal for beam failure recovery request
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Figure 6.FDMed and CDMed between RACH resource and beam failure recovery request resource
It has been agreed that RACH resources is associated with the SS block so that RACH can be received with UE’s preferred beam. It is beneficial that beam failure recovery signal can take the advantage of the linkage between RACH and SS block to indicate its selected new beam. As it is known, the amount of UE served by different beam is different due to various UE’s locations, it lead to unbalanced RACH resource load for different beam as different SS block is associated with different number of UEs. An example is illustrated in Figure 6, as more UEs are associated with the SS block of B1 than that of B2, the RACH resource load is obviously higher for B1 than B2. For the RACH resource with lower load, CDMed manner can be adopted between resource for random access and beam failure recovery request to achieve more efficient resource utilization. The beam link recovery channel/signal can share the same time and frequency resource with RACH but with orthogonal sequence, e.g., CDM group 1 for random access and CDM group 2 for beam failure recovery. On the contrary, for the RACH resource with higher load, since almost all sequences are reserved for random access purpose, a separate the FDMed resource should be configured for beam failure recovery request.
Thus, we have the following proposal
Proposal 4: Both FDMed and CDMed manner between RACH resource and beam failure recovery request resource should be supported.
Utilization of multiple beams during beam failure recovery procedure can increase the chances towards a successful recovery of the communication links between gNB and UE. Considering different UE capabilities, such as the capability to support simultaneous multi-beam transmission and reception, the capability to assume Tx/Rx beam correspondence, etc., different possibilities exist for UE to determine its Tx/Rx beamforming during this recovery procedure. For instance, UE can transmit beam failure recovery request on multiple beams simultaneously or in a sweeping way. 
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Figure 7.UE sends request on multiple beams
Figure 7 shows a case that UE sends beam failure recovery request on multiple beams by using available UL resources, e.g., RACH resources. Depending on UE capability, it can transmit by using multiple beams simultaneously on each RACH resource. Or, it can sweep Tx beams to transmit the request by a different beam on a different RACH resource. Larger subcarrier spacing can also be used to accelerate this process. An additional restriction (e.g., window 1 in Figure 7) can be configured to limit the maximum number of attempts from UE side.

Proposal 5: Support UE to transmit beam failure recovery request on multiple beams.
In next section, we reveal further details about the responses to beam failure recovery request from gNB perspective and the monitoring of the responses from UE perspective.
2.5 Beam failure recovery response
For the blind detection of the NR-PDCCH, the spatial QCL assumption between DL RS antenna port and DMRS antenna port of the corresponding search space of NR-PDCCH should be configured. However, as the previous beam of the configured DL RS associated with the NR-PDCCH has failed, the blind detection of the beam failure recovery response signal cannot be based on the previous configuration. Thus, new spatial QCL assumption with respect to the search space of the beam failure recovery response needs to be specified. 
As illustrated in left hand of Figure 8, if the beam failure request carries the new identified beam information under the assumption of the triggering condition 1, the UE will assume the spatial QCL assumption with the search space of beam failure recovery response is associated with the recommended beam. 
As illustrated in the right figure of Figure 8, for the triggering condition 2 with no recommended beam conveyed on beam failure recovery request, gNB can configure a beam set, for example, with back up beams targeting for the transmission of beam failure recovery response transmission. And the search space of the beam failure recovery response is associated with the configured beam set.
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Figure 8.Search space for beam failure recovery response
Proposal 6: The spatial QCL assumption of the search space of beam failure recovery response is associated with the configured beam set if there is no recommended beam carried on beam failure request.
3 Conclusions

This contribution discusses beam failure detection and beam failure recovery mechanism in NR and we have the following proposals:
Proposal 1: Beam failure recovery should include DL beam failure only and both DL and UL beam failure scenarios. And for DL beam failure only and both DL and UL beam failure case, different beam recovery procedures should be designed.
Proposal 2: The beam number for declaring beam failure should be configurable, e.g. according to different traffic type and scenario. The time window duration for the beam failure detection can be configurable.
Proposal 3: Triggering condition 2 for beam failure recovery request should be supported.

Proposal 4: Both FDMed and CDMed manner between RACH resource and beam failure recovery request resource should be supported.
Proposal 5: Support UE to transmit beam failure recovery request on multiple beams.
Proposal 6: The spatial QCL assumption of the search space of beam failure recovery response is associated with the configured beam set if there is no recommended beam carried on beam failure request.
References

[1] RAN1-89 Chairman Notes.
TRP
UE
B7
B6
B5
B4
B4'
B5'
receive multiple SR


transmit  requests
on multiple beams
beam failure
Window 1
B6'
B7'



