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1 Introduction

At the RAN1 88b meeting, the mechanisms to provide robustness against beam pair link blocking and beam failure recovery mechanism were discussed [1]. The following agreements are concluded 
Agreements:
· UE Beam failure recovery mechanism includes the following aspects
· Beam failure detection

· New candidate beam identification

· Beam failure recovery request transmission

· UE monitors gNB response for beam failure recovery request

· Beam failure detection 

· UE monitors beam failure detection RS to assess if a beam failure trigger condition has been met

· Beam failure detection RS at least includes periodic CSI-RS for beam management

· SS-block within the serving cell can be considered, if SS-block is also used in beam management as well

· FFS: Trigger condition for declaring beam failure

· New candidate beam identification

· UE monitors beam identification RS to find a new candidate beam

· Beam identification RS includes

· Periodic CSI-RS for beam management, if it is configured by NW

· Periodic CSI-RS and SS-blocks within the serving cell, if SS-block is also used in beam management as well

· Beam failure recovery request transmission

· Information carried by beam failure recovery request includes at least one followings
· Explicit/implicit information about identifying UE and new gNB TX beam information

· Explicit/implicit information about identifying UE and whether or not new candidate beam exists
· FFS: 

· Information indicating UE beam failure

· Additional information, e.g., new beam quality

· Down-selection between the following options for beam failure recovery request transmission

· PRACH

· PUCCH

· PRACH-like (e.g.,different parameter for preamble sequence from PRACH)

· Beam failure recovery request resource/signal may be additionally used for scheduling request

· UE monitors a control channel search space to receive gNB response for beam failure recovery request

· FFS: the control channel search space can be same or different from the current control channel search space associated with serving BPLs

· FFS: UE further reaction if gNB does not receive beam failure recovery request transmission

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. Also, the mechanism to switch the beams and to resume data transmissions quickly needs to be established. In this document, we describe our views on efficient mechanism for beam failure recovery.
2 Discussion on NR beam failure recovery
2.1 Discussion on the relationship between beam failure recovery and RLF
In LTE, radio link failure detection is specified targeting for the cell handover purpose. UE keeps monitoring the serving cell’s quality and when the serving cell’s quality is no longer suitable for the communication, radio link failures is then declared at higher layer. And UE has to handover to other cell with better quality by initiating random access procedure. Generally, the radio link failure detection and handover procedure takes more than several hundreds of milliseconds.
In NR, beam based transmission is supported to overcome the high propagation loss. One cell can support multiple beam sweeping and each UE can be configured with proper beams for its transmission. However, beam failure occurs due to user mobility, rotation and blockage. Therefore the serving beam pair link(s) is no longer suitable for reliable communication and beam failure recovery procedure is desired. 
In contrast to the recovery mechanism from RLF for the cell handover purpose, one design criteria we should keep in mind is that beam failure detection and beam failure recovery procedure should aim for the low latency. The recovery mechanism from RLF relies on the RRC reestablishment which consumes more than hundreds of millisecond. Link recovery from beam failure procedure should avoid any RRC layer’s involvement to purse the low latency purpose. Namely, beam failure recovery mechanism should be designed based on the assumption of RRC connected mode and it should be confined only with the involvement of L1/L2 layer. 
When the channel quality degrades, UE should firstly try to recovery its communication with all the beams within one cell through the beam failure recovery mechanism. If UE tries but no available candidate beam for the beam failure recovery can be found, out of sync is declared and delivered to higher layer for RLF’s determination. Figure 1 illustrates the relationship between the beam failure recovery and the RLF.
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Figure1.The relationship between beam failure recovery and RLF
Proposal 1: Beam failure detection and beam failure recovery mechanism are implemented in L1/L2.
Proposal 2: Out of sync is declared when no beam is available for beam failure recovery.
2.2 Discussion on beam failure recovery mechanism
2.2.1 Beam failure recovery procedure
In the aforementioned session, the relationship between beam failure recovery and RLF has been clarified. 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 reciprocity scenario. Given this, there exist three different beam failure scenarios as shown in Figure 2. 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 2.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 as shown in Figure 3.
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Figure 3.Beam recovery procedure for case 1
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. Only DL new beam identification is required as shown in Figure 4. 
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Figure 4.Beam recovery procedure for case 2
Proposal 3: 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.
As illustrated in Figure 3 and Figure 4, UE detects beam failure occurs and in the meanwhile a new candidate beam is also identified by measurement. In this case, UE can trigger the beam failure request which also 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 beam.
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Figure 5.DL new beam identification after beam failure request
However, it may also happen that when UE detects the beam failure occurs but it fails to detect a new candidate beam. If the UE waits until a new candidate beam is identified, it will lead to high latency for the beam failure recovery. Given this, UE can acquire the new beam information after initiating the beam failure request. Without acquiring the new candidate beam information previously, the beam failure request cannot carry the information of new candidate beam. But gNB can configure the RS for UE’s beam measurement to identify a new candidate beam through beam failure response. UE then feedback the new candidate beam information to gNB and downlink communication is recovered successfully. As gNB cannot get knowledge of UE’s preferred beam information, it has to transmit the beam failure response with a large number of candidate beams to ensure UE can receive the response successfully. In addition, the RS corresponding to multiple candidate beams has to be transmitted for UE’s new beam measurement. In this sense, the scheme in Figure 5 incurs larger overhead than that in Figure 4. Therefore, we think that depending on UE’s capability of identification of new beam.
Proposal 4: DL new beam identification can be previous or after triggering beam failure request.
2.2.2 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 6.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 6.beam failure conditions for different scenarios 
Proposal 5: The beam number for declaring beam failure should be configurable according to different traffic type and scenario.
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 6: The time window duration for the beam failure detection can be configurable.
2.2.3 UL channel/signal for beam failure recovery
When UE detects the beam failure, it should try to recover the link by sending the beam failure recovery signal. The beam failure recovery signal can carry the following information
· Alt1: Beam failure recovery request and new beam’s ID/ new beam’s quality
· Alt2: Beam failure recovery request and whether or not new candidate beam exist
For Alt1, UE reports its recommended new beam and the associated beam quality information on the beam failure request signal. In this case, gNB can directly use the recommended beam for the subsequent DL scheduling and the beam quality information can be used for the link adaptation. In addition, UE’s blind detection behavior of PDCCH after sending the beam failure recovery request will change and it will be associated with its recommended beam instead of previous configured beam. As illustrated in Figure 7, UE feedback B4 as the recommended beam through the beam failure recovery request signal, gNB can directly use B4 for the subsequent transmission. Alt 1 can reduce the latency of the beam recovery procedure and save UE’s blind detection efforts with multiple potential beams. Despite that the payload of beam failure recovery request is larger than that of Alt 2, gNB can avoid unnecessarily transmitting multiple repeated PDCCH with potential different beams which can save the DL overhead. For Alt 1, if UE simply reports beam’s ID without beam quality information, the gNB cannot use this beam for the scheduling as link adaptation cannot be implemented.
For Alt 2, UE is not required to identify the potential new beam for triggering the beam failure recovery , and beam failure recovery request can carry the information of whether or not UE has identified a new beam. When UE fails to identify the potential new beam as shown in Figure 8, it can send the beam failure recovery request informing gNB that the current serving beam fails and UE didn’t identify a new beam. Once gNB receives the beam failure recovery request, it will send the response which contains the configuration of RS for beam measurement. Since gNB obtains no information on the recommended beam, it has to send the repeated response signals with multiple beams. In the next step, UE can feedback the preferred beam information based on the RS for beam measurement and the new link for the downlink communication is set up. Alternatively, if UE successfully detects the potential new beam, it can send the beam failure recovery request informing gNB that the current serving beam fails but UE has also identified a new beam. gNB receives the beam failure recovery request and grant UE with the UL resource  for UE’s new identified beam information transmission. In this case, it is unnecessary for gNB to configure the RS for beam measurement in the response signal as UE already identified a new beam.
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Figure 7.Beam failure recovery mechanism with Alt 1
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Figure 8.Beam failure recovery mechanism with Alt 2
Since Alt1 and Alt2 have their respective use case, we have the following proposal:
Proposal 7: Both Alt1 of new beam information with beam ID and the associated beam quality and Alt 2 of whether or not new candidate beam exists should be supported as the information for beam failure recovery signal.  
The serving beam pair link configured for DL control channel and UL control channel can be different，e.g.<B1,B1’> and <B2,B2’>  for DL control channel ,<B3,B3’>for UL control channel as illustrated in Figure 7 and Figure 8.Thus, it is mostly likely that even if the serving beam pair link for DL control channel fails, the serving beam pair link for UL control channel can still survive. In this case, the UL control channel e.g. NR-PUCCH channel should be exploited to convey the beam failure recovery request. Dedicated resources for carrying the beam failure report is only required for the case that the serving beam pair links for both DL and UL beam fail. As the probability of both DL and UL beam pair link failure occurs will be very low, which can save the overhead of dedicated resource for beam failure recovery .Therefore, we propose that
Proposal 8: Periodic uplink control channel should be supported for carrying the beam failure report targeting for the case of only DL beam fails but UL beam works.
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Figure 9.Beam failure recovery mechanism for both DL and UL beam failure 
As shown in Figure 9, UE attempts to send the beam failure report on the UL control channel with previous configured UL beam, but unfortunately, the configured UL beam fails. UE expects to receive the beam failure recovery response later but the detection of the response also fails as gNB will not sent it without receiving the beam failure report. UE is then aware of that UL beam may also fail and retransmits the beam failure report with the dedicated resource for beam failure recovery. The dedicated resource can be designed to support the transmission with multiple UL beam sweeping for gNB to search for a new available UL beam. 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 DL beam are identified and the new communication can be set up based on it.
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Figure 10.PUCCH and dedicated beam failure recovery resource for beam recovery request
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 for Alt 2. Thus, the beam link recovery channel/signal can share the same time and frequency resource with RACH but with orthogonal sequence.
Proposal 9: Dedicated channel for beam failure recovery should be designed targeting for the case of both DL and UL beam fail. The dedicated beam failure recovery resource can share the same time and frequency resource with RACH but with orthogonal sequence.
2.2.4 Beam failure recovery response
After UE initiates the beam failure recovery request, it is expected to receive the response signal from gNB. 
In addition, utilization of multiple beams can bring extra robustness and potentially reduce the time needed for beam recovery. No matter single beam or multiple beams are used for sending the beam failure recovery request, a time window is needed to restrict UE’s monitoring behavior. 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., it is up to UE’s implementation to determine the Rx beamforming. For instance, UE can transmit beam failure recovery request on one beam and monitor the response signal in a time window. Another example is that UE can transmit beam failure recovery request on multiple beams simultaneously and monitor the response signal on multiple beams in a time window. And another example is that UE can transmit beam failure recovery request on multiple beams in a sweep way (the maximum number of allowed beams can be configured by gNB) and sweep its Rx beams to monitor the response in a time window. Similarly, it is up to gNB’s implementation to send the response signal on one selected beam, on multiple beams simultaneously or in a beam sweep way. Based on the above discussions, we propose that:
Proposal 10: NR should support UE to monitor the beam failure recovery response signal within a time window.
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 Figure 11, if the beam failure request carries the new identified beam information, the UE will assume the spatial QCL assumption with the search space of beam failure recovery response is associated with the recommended beam. Otherwise, gNB can configure a beam set with back up beams targeting for the beam failure recovery. And the search space of the beam failure recovery response is associated with the preconfigured back up beam set.
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Figure 11.Search space for beam failure recovery response
Proposal 11: The spatial QCL assumption of the search space of beam failure recovery response is associated with the recommended beam if the recommended beam carried on beam failure request.
Proposal 12: The spatial QCL assumption of the search space of beam failure recovery response is associated with the preconfigured 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 detection and beam failure recovery mechanism are implemented in L1/L2.
Proposal 2: Out of sync is declared when no beam is available for beam failure recovery.
Proposal 3: 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 4: DL new beam identification can be previous or after triggering beam failure request.
Proposal 5: The beam number for declaring beam failure should be configurable according to different traffic type and scenario.
Proposal 6: The time window duration for the beam failure detection can be configurable.
Proposal 7: Both Alt1 of new beam information with beam ID and the associated beam quality and Alt 2 of whether or not new candidate beam exists should be supported as the information for beam failure recovery signal.  
Proposal 8: Periodic uplink control channel should be supported for carrying the beam failure report targeting for the case of only DL beam fails but UL beam works.

Proposal 9: Dedicated channel for beam failure recovery should be designed targeting for the case of both DL and UL beam fail. The dedicated beam failure recovery resource can share the same time and frequency resource with RACH but with orthogonal sequence.
Proposal 10: NR should support UE to monitor the beam failure recovery response signal within a time window.
Proposal 11: The spatial QCL assumption of the search space of beam failure recovery response is associated with the recommended beam if the recommended beam carried on beam failure request.

Proposal 12: The spatial QCL assumption of the search space of beam failure recovery response is associated with the preconfigured beam set if there is no recommended beam carried on beam failure request.
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