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1 Introduction

At the RAN1 88 meeting, the mechanisms to provide robustness against beam pair link blocking and beam failure recovery mechanism were discussed [1]. It was agreed to support UE-initiated mechanisms to recover from beam failure as follows.
· Beam failure event occurs when the quality of beam pair link(s) of an associated control channel falls low enough (e.g. comparison with a threshold, time-out of an associated timer). Mechanism to recover from beam failure is triggered when beam failure occurs

· Note: here the beam pair link is used for convenience, and may or may not be used in specification

· FFS: whether quality can additionally include quality of beam pair link(s) associated with NR-PDSCH

· FFS: when multiple Y beam pair links are configured, X (<=Y) out of Y beam pair links falls below certain threshold fulfilling beam failure condition may declare beam failure 

· FFS: search space (UE-specific vs. common) of the associated NR-PDCCH

· FFS: signaling mechanisms for NR-PDCCH in the case of UE is configured to monitor multiple beam pair links for NR-PDCCH

· Exact definition of such threshold is FFS and other conditions for triggering such mechanism are not precluded

· The following signals can be configured for detecting beam failure by UE and for identifying new potential beams by UE

· FFS the signals, e.g., RS for beam management, RS for fine timing/frequency tracking, SS blocks, DM-RS of PDCCH (including group common PDCCH and/or UE specific PDCCH), DMRS for PDSCH

· If beam failure event occurs and there are no new potential beams to the serving cell, FFS whether or not the UE provides an indication to L3. 

· Note: the criterion for declaring radio link failure is for RAN2 to decide.

· FFS: The necessity of such indication

· NR supports configuring resources for sending request for recovery purposes in symbols containing RACH and/or FFS scheduling request or in other indicated symbols
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. And only if beam failure recovery fails, the RLF is declared and UE handover to other cell. 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.
2.2 Discussion on beam failure recovery mechanism
According to the agreement of last meeting, the following issues for the beam failure recovery should be considered

· The conditions for beam failure declaration 
· RS for the beam failure detection
· The UL channel for the beam failure recovery
2.2.1 Conditions for beam failure declaration /triggering beam failure recovery
At last meeting, it has been agreed that quality of beam pair link(s) of an associated control channel can be used for the beam failure detection. This principle is inherited from LTE. As if PDCCH fails, it is impossible to decode its scheduled data successfully. Thus, the detection rate for PDCCH should be taken as the criteria for beam failure declaration. However, we think that it is also critical to report the beam failure information when the serving beam of PDSCH fails but PDCCH is detected successfully. It occurs when the serving beam of PDCCH and PDSCH are different.
As shown in Figure 2, UE detects the PDCCH successfully but fails to decode the PDSCH due to beam blockage of PDSCH. If UE simply feedback the NACK information, the gNB cannot distinguish whether the error detection is caused by beam blockage or a mismatched MCS. Thus, the gNB may choose to retransmit the packet by using a lower MCS without changing the beam. Only when the gNB receives contiguous N NACKs, the gNB may realize the serving beam is blockage and decide to switch to other beams. But if UE can report the beam failure information once it detects it as illustrated in Figure 3, the gNB can switch to a better beam immediately. This mechanism is beneficial for the transmission reliability and transmission latency reduction. For traffic type of FTP transmission, the transmission latency reduction can increase the UPT dramatically. 
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Figure 2.No beam failure detection based on PDSCH
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Figure 3.Fast beam switching due to beam failure detection based on PDSCH
Given that, we have the following proposal
Proposal 2: The quality of beam pair link(s) of an associated data channel can be taken for the beam failure detection in addition to the quality of beam pair link(s) of an associated control channel.
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 4.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 4.beam failure conditions for different scenarios 
Proposal 3: 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 that the time window is analogous to the timer defined in higher layer for RLF, which is used to prevent the frequent beam switching.
2.2.2 RS for beam failure detection 
To monitor the beam quality for beam failure detection or beam failure recovery, the corresponding RS should be specified. Frequently transmitted signal is a better choice for monitoring the beam failure continuously, e.g.SS-block. The control channel can be associated with a SS-block assuming the same QCL assumption. However, despite of the same QCL assumption holds, the real serving beam of control channel may not exactly the same with the beam of its associated SS block. Figure 5 is an exemplary illustration, in which the serving beam of control channel is much narrower than the beam of its associated SS block. If the beam failure detection of PDCCH relies on its associated SS block, miss detection of beam failure can occur as UE can still detect the energy of SS block when only partial beam of SS block is blocked. But actually, UE’s serving beam of PDCCH has been completely blocked. Thus, we have following observation 
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Figure 5. Different beams for PDCCH and its associated SS block
Proposal 4: The detection missing issue of beam failure detection based on control channel’s associated SS block should be further studied.

When periodic CSI-RS is configured for the beam measurement, and beam failure of PDCCH can be detected based on its associated CSI-RS with the same QCL assumption.
Proposal 5: CSI-RS should be supported for the beam failure detection.
But when the periodicity of CSI-RS is relatively long, UE cannot detect the beam failure in real time. Some other RS should also be considered. For instance, the DMRS of common control channel. Common control channel can be transmitted with multiple beams and UE can detect the beam failure based on its associated DMRS.
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Figure 6.DMRS of common control channel
Proposal 6: DMRS of common control channel can be considered for detecting beam failure. 
The aforementioned RS are mainly for the detection of beam failure of PDCCH.As discussed in the above section, it is beneficial and necessary to introduce the beam failure detection for PDSCH. But the beam failure detection for PDSCH is based on the assumption of its control channel is detected successfully. The UE can detect the energy of DMRS of its scheduled bandwidth to see if it has been blocked.
Proposal 7: DMRS of PDSCH can be considered for detecting beam failure. 
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 report/Beam failure recovery request
· Alt2: Beam failure recovery request and potential new beam ID/new beam’s quality
For Alt1, UE only needs to detect the serving beam’s quality and no need to identify the potential new beam for the beam failure recovery. Alternatively, UE tries to identify the potential new beam but fails. In this case, UE can send the beam failure report as shown in Figure 7, and the beam failure report only informs gNB that the current serving beam fails but no additional information on the recommended beam. gNB receives the beam failure report and transmit the response signal to UE. Since the gNB has no information on the recommended beam, it will send the response signals with multiple beams. In the next step, UE can feedback the preferred beam information based on the response signal and the new link for the downlink communication is set up.
For Alt2, UE will report its recommended new beam and its associated beam quality information. In this case, UE should have the ability to identify the new beam. As illustrated in Figure 8, UE feedback B4 as the recommended beam through the beam failure recovery signal, gNB can directly use B4 for the subsequent transmission. 
For Alt1, the beam failure recovery signal is of small payload size which occupies only limited resource. For Alt 2, in addition to beam failure report, potential new beam and the related quality will also be reported on beam failure recovery channel which requires large capacity of beam failure recovery channel. For Alt2, since gNB can get the new DL beam information from the beam failure recovery signal, it can speed up the recovery procedure.
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Figure 7.Beam failure recovery mechanism for only DL beam failure with Alt 1
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Figure 8.Beam failure recovery mechanism for only DL beam failure with Alt 2
Since Alt1 and Alt2 have their respective use case, we have the following proposal:
Proposal 8: Both Alt1 and Alt 2 should be supported as the information for beam failure recovery signal. 
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: The beam failure recovery channel can share the same time and frequency resource with RACH but with orthogonal sequence.
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 DL beam failure report. 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 10: 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 
Figure 7 and Figure 8 provide an exemplary illustration of beam failure recovery mechanism for the case of only DL beam failure occurs. For the case of both DL and UL beam failure, different beam failure recovery mechanism should be considered. 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.
Proposal 11: Dedicated channel for beam failure recovery should be designed targeting for the case of both DL and UL beam fail.
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: The quality of beam pair link(s) of an associated data channel can be taken for the beam failure detection in addition to the quality of beam pair link(s) of an associated control channel.
Proposal 3: The beam number for declaring beam failure should be configurable according to different traffic type and scenario.
Proposal 4: The detection missing issue of beam failure detection based on control channel’s associated SS block should be further studied.
Proposal 5: CSI-RS should be supported for the beam failure detection.
Proposal 6: DMRS of common control channel can be considered for detecting beam failure. 
Proposal 7: DMRS of PDSCH can be considered for detecting beam failure. 
Proposal 8: Both Alt1 and Alt 2 should be supported as the information for beam failure recovery signal. 
Proposal 9: The beam failure recovery channel can share the same time and frequency resource with RACH but with orthogonal sequence.
Proposal 10: 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 11: Dedicated channel for beam failure recovery should be designed targeting for the case of both DL and UL beam fail.
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