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1. Introduction
In the last 3GPP RAN1 #88bis meeting, following agreements were made on the mechnism to recover from beam failure [1]: 

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
Agreements:

· FFS for the situation of “ no new candidate beam”, whether or not there are issues, and if so, whether or not RLF procedure can sufficiently handle the issues
In this contribution, beam recovery for both NR-PDCCH and NR-PDSCH are discussed.
2. Discussion on NR-PDCCH based beam recovery
Beam failure event occurs when the quality of BPL(s) of an associated NR-PDCCH fails 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.

In NR system, NR-PDCCH transmission may use same or different beams compared to NR-PDSCH. The two scenarios are illustrated in Figure 1.
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Figure 1(a): Candidate monitoring BPL for scenario 1 NR-PDCCH 
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Figure 1(b): Candidate monitoring BPL for scenario 2 NR-PDCCH 
If the BPLs for NR-PDCCH and NR-PDSCH are different, then there are several cases of blockage as shown below in Figure 2, 3, 4. 

· Case 1: all the BPLs for NR-PDCCH are good, but the BPL for NR-PDSCH is blocked (see Figure 2).

· Case 2: some BPLs for NR-PDCCH are blocked, but the other BPLs for NR-PDCCH are good (see Figure 3).

· Case 3: all the BPLs for NR-PDCCH are blocked (see Figure 4).
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Figure 2: Case 1 of BPL blockage
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Figure 3: Case 2 of BPL blockage
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Figure 4: Case 3 of BPL blockage
Case 2 can employ the newly designed beam recovery mechanism which realizes fast switching among the BPLs, while Case 3 needs to trigger initial beam management procedures or traditional RRC reconstruction process. 
From the agreements mentioned above, the UE beam failure recovery mechanism includes the following four aspects: beam failure detection, new candidate beam identification, beam failure recovery request transmission, monitoring of gNB response for beam failure recovery request. Here the aspect – new candidate beam identification can be implemented in different stages, which will affect the mechanism design of other aspects. For example, UE monitors beam identification RS to find a new candidate beam before beam failure event, or after beam failure event detection but before the beam failure recovery request transmission, or after gNB response reception by the UE (see Figure 5).

[image: image6.emf]Beam failure detection

Candidate beam identification

Beam failure recovery request 

transmission

UE monitors gNB response for beam 

failure recovery request

  
[image: image7.emf]Beam failure detection

New candidate beam identification

Beam failure recovery request 

transmission

UE monitors gNB response for beam 

failure recovery request

    
[image: image8.emf]Beam failure detection

Beam failure recovery request 

transmission

UE monitors gNB response for beam 

failure recovery request

New candidate beam identification


(a) Procedure a                               (b) Procedure b                                        (c) Procedure c

Figure 5: Four aspects of UE beam failure recovery mechanism.
In UE beam failure recovery mechanism, if the trigger condition for declaring beam failure has been met, the UE can send the beam failure recovery request to gNB multiple times and then monitor a control channel search space to receive gNB response. There are different cases for UE request transmission and gNB response reception, e.g. UE request cannot reach the gNB so that the gNB is not aware of the serving BPL blockage, the gNB has received UE request but gNB response cannot reach the UE, both UE request and gNB response are successfully received by the other side.

To deal with these exceptional cases due to the poor channel propagation environment (e.g. blockage), a kind of counter or a timer for UE request can be used from the UE’s perspective. The start of the counter or the timer for UE request can be the first time of UE request transmission after beam failure declaration. If the counter reaches a certain value (e.g. this value is equal to the predefined maximum number of UE request transmissions) within a UE request transmission time window, or the timer for UE request expires, the UE beam failure recovery attempts are unsuccessful.  Note that the value of the counter or the duration of timer for UE request can be predefined in specification or configured by gNB.
Considering the case that UE could not receive gNB response for beam failure recovery request, gNB may receive multiple times beam recovery requests from the UE, which will cause additional signaling overhead and delay. From the perspective of gNB, a counter or a timer in gNB for beam failure recovery also should be predefined. The counter or timer will be triggered when gNB receives the first beam failure recovery request from UE or gNB transmits the first response for beam failure recovery request, while the counter or timer will be stopped when gNB receives uplink data transmission from the UE. When the counter or timer expires and gNB has received no uplink data transmission from the UE, the UE beam failure recovery attempts are unsuccessful.
Besides, if there is no new candidate beam included in UE beam failure recovery request transmission or the new candidate beam is unavailable, DL or UL beam management procedure might be triggered before RLF is trigged. As RLF and RRC re-establishment are time consuming, beam management procedure to find a new candidate beam quickly may achieve fast beam failure recovery. 
Proposal 1:  
· Considering the case that gNB could not receive beam failure recovery request transmission from UE, a counter or timer for UE request at UE side should be introduced, where the counter or timer for UE request can be predefined or configured by gNB.

Proposal 2:  

· Considering the case that UE could not receive gNB response for beam failure recovery request, a counter or timer at gNB side for UE beam failure recovery should be introduced.
Proposal 3:  

· If there is no new candidate beam included in UE beam failure recovery request transmission or the new candidate beam is unavailable, DL or UL beam management procedure might be triggered before RLF is triggerd.
3. Discussion on NR-PDSCH based beam recovery
As shown in section 2, there are possibilities that NR-PDSCH uses different BPLs from those used by NR-PDCCH. When BPLs blockage occurs to both NR-PDCCH and NR-PDSCH, the BPL for NR-PDCCH should be firstly recovered. When the blockage occurs to the BPLs for NR-PDSCH while NR-PDCCH remains acceptable link quality (see Figure 2 case 1), the beam failure event for control channel would not be triggered according to the agreement. The result of such case would be the dramatic degradation in data channel quality so that the data transmitted on the blocked BPL is hardly to be detected correctly.

Proposal 4: 
· When BPL blockage occurs to both NR-PDCCH and NR-PDSCH, the BPL for NR-PDCCH should be firstly recovered.
It is important to realize fast beam failure recovery from BPL blockage for NR-PDSCH and maintain the continuous data transmission in high frequency communications. UE-initiated event(s) can be triggered when the BPL blockage occurs to NR-PDSCH which is distinguished from the beam failure event for NR-PDCCH. There can be a UE-initiated beam failure recovery request to inform gNB to switch to another BPL for NR-PDSCH similar to NR-PDCCH beam failure recovery if there have candidate BPLs. If there is no good BPLs available in the candidate BPLs, UE can initiate a DL beam training request skipping the ones in blockage to attempt to recover from the beam failure for NR-PDSCH before trigger L3 radio link failure.

Proposal 5: 

· UE-initiated event(s) can be triggered when the BPL blockage occurs to NR-PDSCH which is distinguished from the beam failure event for NR-PDCCH.

Proposal 6: 

· UE can trigger BPL switching request or beam training request when beam failure occurs to NR-PDSCH while NR-PDCCH is still connected.
If beam failure for NR-PDSCH has to be defined in the specification, the signal for UE to recognize beam failure for NR-PDSCH and the beam failure criterion need to be defined. The UE can monitor the DMRS in NR-PDSCH and/or CSI-RS and compare the beam measurement results (RSRP, CQI, etc.) with a predefined threshold. The beam failure events for NR-PDSCH will be reported to gNB, including the BPL switching request or beam training request. Like discussed in NR-PDCCH beam failure recovery, the triggering events can be transmitted via a new type of preamble similar to PRACH or via UL control channel, e.g. accompanied with ACK/NACK.

Proposal 7: 

· BPL switching request or beam training request for NR-PDSCH can be transmitted via a new type of preamble similar to PRACH or via UL control channel, e.g. accompanied with ACK/NACK.

For the sake of fast NR-PDSCH recovery for beam failure, an updated CSI can also be reported to the gNB in the UE-initiated manner accompanied with the beam switching request. The CSI including RI, PMI, CQI, etc. is derived from the candidate BPLs switched to from the blocked ones.

Proposal 8:

·  An updated CSI can also be reported to the gNB in the UE-initiated manner accompanied with the beam switching event.
4. Discussion on beam failure and radio link failure
In LTE the radio link monitoring procedure is that UE evaluates the L1 radio quality every frame and compares the quality to the thresholds Qin and Qout. When the quality falls below Qout, the out-of-sync is indicated to higher layer in the UE, and when the quality exceeds Qin, the in-sync is indicated to higher layer. The higher layer in the UE may declare RLF based on the out-of-sync indications.  So the RLF is a higher layer procedure. 

In NR if the triggering condition is met, the L1 procedure - beam failure event is declared by UE. Here the triggering condition can refer to the quality of NR-PDCCH falls below a certain threshold. NR should define the thresholds of NR-PDCCH quality for beam failure recovery procedure and the thresholds for RLF procedure as in LTE. The beam failure and RLF can be triggered independently or jointly. 
The beam recovery procedure in L1 will involve no relocation of buffers, but the RLF and RRC re-establishment in higher layer involve contention resolution during random access and possibly relocation of buffers. So the beam recovery is faster and less costly than RLF procedure. The joint implementation of the two procedures, e.g. the exchange of information between L1 and higher layer, will be able to increase the transmission link recovery probability and improve the user experience.

The joint design can include: if the beam failure recovery is unsuccessful, then RLF timer is triggered to start the RLF procedure. If the beam failure recovery is successful, then RLF timer for RLF procedure is stopped. Here the exchange information between L1 and higher layer can be the out-of-sync and in-sync indication. Optionally, an additional notification can be used to switch on and off RLF timer. The RLF is declared when the timer expires. Similarly, a counter or timer for beam recovery can be introduced in NR where the counter or timer is smaller or shorter than RLF. 
Proposal 9: 
· The NR should define the thresholds of control channel quality for beam failure recovery procedure and for RLF procedure. The beam failure and RLF can be triggered independently or jointly. 
· For the joint design of beam recovery and RLF procedure, the exchange information between L1 and higher layer can be the out-of-sync and in-sync indication. Optionally, an additional notification can be used to switch on and off RLF timer. 

· A counter or timer for beam recovery can be introduced in NR where the counter or timer is smaller or shorter than RLF
· LS of above proposals should be sent to RAN2.
5. Conclusion

In this contribution, the mechnism to recover from beam failure is discussed, and the following proposals are given:
Proposal 1:  
· Considering the case that gNB could not receive beam failure recovery request transmission from UE, a counter or timer for UE request at UE side should be introduced, where the counter or timer for UE request can be predefined or configured by gNB.

Proposal 2:  

· Considering the case that UE could not receive gNB response for beam failure recovery request, a counter or timer at gNB side for UE beam failure recovery should be introduced.
Proposal 3:  

· If there is no new candidate beam included in UE beam failure recovery request transmission or the new candidate beam is unavailable, DL or UL beam management procedure might be triggered before RLF is triggerd.
Proposal 4: 
· When BPL blockage occurs to both NR-PDCCH and NR-PDSCH, the BPL for NR-PDCCH should be firstly recovered.
Proposal 5: 

· UE-initiated event(s) can be triggered when the BPL blockage occurs to NR-PDSCH which is distinguished from the beam failure event for NR-PDCCH.

Proposal 6: 

· UE can trigger BPL switching request or beam training request when beam failure occurs to NR-PDSCH while NR-PDCCH is still connected.
Proposal 7: 

· BPL switching request or beam training request for NR-PDSCH can be transmitted via a new type of preamble similar to PRACH or via UL control channel, e.g. accompanied with ACK/NACK.

Proposal 8:

·  An updated CSI can also be reported to the gNB in the UE-initiated manner accompanied with the beam switching event.
Proposal 9: 

· The NR should define the thresholds of control channel quality for beam failure recovery procedure and for RLF procedure. The beam failure and RLF can be triggered independently or jointly. 
· For the joint design of beam recovery and RLF procedure, the exchange information between L1 and higher layer can be the out-of-sync and in-sync indication. Optionally, an additional notification can be used to switch on and off RLF timer. 

· A counter or timer for beam recovery can be introduced in NR where the counter or timer is smaller or shorter than RLF
· LS of above proposals should be sent to RAN2.
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