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1 Introduction

In RAN1 #88bis [1] the following agreements have been reached

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 RAN1 #89 [2], the following agreement has been reached on

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

Agreements:
· To receive gNB response for beam failure recovery request, a UE monitors NR PDCCH with the assumption that the corresponding PDCCH DM-RS is spatial QCL’ed with RS of the UE-identified candidate beam(s)
· FFS whether the candidate beam(s) is identified from a preconfigured set or not
· Detection of a gNB’s response for beam failure recovery request during a time window is supported

· FFS the time window is configured or pre-determined

· FFS the number of monitoring occasions within the time window

· FFS the size/location of the time window

· If there is no response detected within the window, the UE may perform re-tx of the request

· FFS details

· If not detected after a certain number of transmission(s), UE notifies higher layer entities
· FFS the number of transmission(s) or possibly further in combination with or solely determined by a timer

In RAN1 AH2 [3], the following agreement has been reached on 

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

Agreements:
· In case of unsuccessful recovery from beam failure, UE sends an indication to higher layers, and refrains from further beam failure recovery

· Relationship between RLF and unsuccessful beam failure recovery indication (if any) e.g. whether beam failure recovery procedure influences or is influenced by the RLF event

· Send LS to inform RAN2 – to be done next meeting
In RAN1 90 [4], the following agreement has been reached:
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

· Note: in this case, SSB will not be configured for new candidate beam identification

· SS block only

· Note: in this case, CSI-RS will not be configured for new candidate beam identification
· FFS: CSI-RS + SS block
Further in RAN 2 97bis[5], the following agreements were made.

Agreements

1:
For connected mode, UE declares RLF upon timer expiry due to DL OOS detection, random access procedure failure detection, and RLC failure detection.

FFS whether maximum ARQ retransmission is only criteria for  RLC failure (needs to be discussed in common UP/CP session). 

2
In NR RLM procedure, physical layer performs out of sync / in sync indication and RRC declares RLF. 

3
For RLF purposes, RAN2 preference is that the in sync / out of sync indication should be a per cell indication, and we aim for a single procedure for both multi-beam and single beam operation.

2 Beam failure recovery request region
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Figure 1: Beam Recovery and Scheduling Request Block in the RACH Slot
NR has already agreed to support frequency division multiplexing of beam recovery region and RACH region. Figure 1 shows a possible scenario frequency division multiplexing of beam recovery and RACH. If beam correspondence is available at the BS, BS uses a similar set of beams between transmitting DL SYNC signals and receiving UL RACH signals. If UE loses its current working beam, it maps a good DL SYNC resource to the corresponding symbol index of the RACH slot. It selects one out of N subcarrier regions of the SR/beam recovery request region and transmits in the selected symbol of the RACH slot.

UEs can select a PRACH type signal to transmit beam recovery request to gNB. Table 1 shows a possible numerology of the beam recovery request channel. 

Table 1: Beam Recovery Request Numerology in Multi-beam Scenario

	Slot duration

(us)
	Subcarrier spacing 

(kHz)
	Sequence length
	Number of subcarrier regions in 50 MHz BW
	Symbol duration 

(us)
	Number of cyclic shifts per subcarrier region

	125
	30
	139
	10
	33.33
	~100


BS can allow a much higher number of cyclic shifts to receive beam recovery request in these slots. For example, if delay spread is roughly around 300 ns, BS can allow approximately 100 orthogonal resources in each subcarrier region of the beam recovery request region because the sequence duration of the beam recovery request is 33.33 us. Since we propose 50 MHz for minimum bandwidth in multi-band scenario and since each beam recovery request region takes 4.32 MHz, there can be as high as 10 different subcarrier regions to transmit beam recovery request. Some of these subcarrier regions should be used for RACH Msg1 preamble transmission and BS can use some others for UL data transmission.

For example, even if a gNB uses six subcarrier regions to communicate scheduling request or beam recovery request, six hundred orthogonal resources could be fit into these regions to convey beam recovery request. Each UE could be allotted two different resources to transmit SR or beam recovery request here.

Proposal 1: NR supports a RACH type sequence with higher number of cyclic shifts to convey beam recovery request to gNB through the non-contention based channel which is frequency division multiplexed with RACH.
3 Beam failure recovery request procedure  
In multi-beam operation, a UE detects failure of active PDCCH beam by monitoring a DL RS QCLed with control channel. When a beam failure event occurs, network cannot reach the UE. Upon detection of a failure event, UE selects a beam from the candidate beam set to transmit beam failure recovery request to the gNB. In NR#89, it was agreed that the following channels are supported for the transmission of beam failure recovery request: 

(1) Non-contention based channel based on PRACH, which uses a resource orthogonal to resources of other PRACH transmissions, at least for the FDM case; and 

(2) PUCCH;   
(3) FFS: Contention-based PRACH resources as supplement to contention-free beam failure recovery resources  
While contention-based PRACH incurs additional delay due to four step RACH procedure, it may serve as supplement to contention free resources especially when the number of UEs in the system is large. Further, if NW does not configure any resources for beam failure recovery then UE should fall back to contention-based PRACH to re-establish connection on the serving cell. 

Proposal 2. NR shall support contention-based PRACH resources for the transmission of beam failure recovery request. 

Since NR supports multiple channels for the transmission of beam failure recovery request, we propose non-contention based channel based on PRACH or contention-based PRACH resources as default. 
Proposal 3. NR shall support configuration of: (1) non-contention based channel based on PRACH; or (2) contention-based PRACH resources for transmission of beam failure recovery request as default.  
Additionally, network may also configure PUCCH for the transmission of beam failure recovery request. However, if all the active control beam(s) fail then UE cannot find a suitable beam to transmit beam failure recovery request to the gNB in those directions. Therefore, NW needs to configure beam swept PUCCH that are QCLed with either NR-SS or CSI-RS 

Proposal 4. In addition to non-contention based channel based on PRACH or contention-based PRACH, NB can configure beam swept PUCCH that are QCLed with either NR-SS or CSI-RS for the transmission of beam failure recovery request. 
Proposal 5. NR shall not support non-beam-swept PUCCH for the purpose of beam failure recovery request transmission. 

Furthermore, it is beneficial for the beam-swept PUCCH to carry multiple bits to allow UE to:

· Provide information of multiple candidate beam(s) to facilitate gNB to configure multiple beam pair links. 

· Send scheduling request over beam failure recovery request.

· Request additional training on the downlink over the newly identified candidate beams.

Proposal 6. NR shall support multi-bit PUCCH to convey additional information during the transmission of beam failure recovery request.   
Next, we consider two scenarios: UL synchronized and UL out-of-sync for transmitting beam recovery request over beam recovery request regions. With UL synchronization, the time alignment (TA) timer (that specifies the length of time UE is considered uplink time aligned with the TRP) is still valid. Based on latest RAN1#89 agreements [3], if UE receives beam failure indication from physical layer, it could send beam recovery request using beam-swept PUCCH or non-contention based channel based on PRACH. And gNB will monitor these regions for beam recovery request. In UL synchronized case, a UE can send a single beam failure recovery request over PUCCH or non-contention based channel based channel over the UE selected candidate beam and wait for the response in the response window. 
Proposal 7. UE shall transmit one beam failure recovery request over beam swept PUCCH or non-contention based channel based on PRACH over a UE selected candidate beam before the end of monitored response window.  
Proposal 8: UE shall assume single response to beam failure recovery request message before the end of a monitored response window. 

After UE sends a beam failure recovery request, it needs to know whether this request has been successfully received by gNB. Thus, a set of UE monitoring mechanism should be introduced. Like response window of RACH, network could configure a response window for UE to monitor response for its recovery request.   

Proposal 9: Network can configure a response window where the UE monitors response to the beam failure recovery request transmission.
It is possible that gNB fails to detect the request because of poor signal quality. So, UE may not receive a response within the response window. For robust operation, the retransmission mechanism of beam recovery request should be supported. Specifically, if UE does not receive response within the response window, it will send an indicator to L2 and MAC will trigger the retransmission of the request. 

Proposal 10: If UE does not receive a response within the response window then UE can (re)transmit the beam failure recovery request. 

If UE has retransmitted too many times but still could not get the response within the response window, it may indicate UE is in poor radio condition or UE has lost the synchronization with gNB. In this case, it will be radio resource inefficient if UE continue the retransmission of request. Therefore, we think network should configure maximum number of attempts for the beam failure recovery request transmissions (similar to RACH attempts in LTE). 
Proposal 11: Network can configure the UE with maximum number of attempts for the purpose of beam failure recovery request (re)transmissions:

(1) NW can configure UE to try a maximum of m1 attempts over beam-swept PUCCH (similar to SR procedure in LTE).
(2) NW shall configure UE to try a maximum of m2 attempts over non-contention based channel based on PRACH and contention based PRACH resource (similar to regular RACH procedure) 
In NR RACH procedure [5], it was agreed that if UE has reached the maximum number of PRACH transmissions then it sends an indication to the higher layer that the random access procedure failed. The UE shall, upon random access problem indication from MAC consider radio link failure to be detected. 

Regarding beam failure recovery procedure, RAN 1 made the following agreement: If a response from gNB is not detected after a certain number of transmission(s), UE notifies higher layer entities. If RACH procedure is used as baseline for beam failure recovery transmissions over PRACH then failure to receive a RACH response for the transmission of beam failure recovery request can result in radio link failure. 

Proposal 12: If beam failure recovery request transmission over contention free channel based on PRACH uses RACH procedure as baseline, then the UE shall, upon beam failure recovery problem indication from lower layers consider radio link failure to be detected.
4 Summary
Based on the above discussions, we recommend RAN1 to discuss the following proposals: 
Proposal 1. NR supports a RACH type sequence with higher number of cyclic shifts to convey beam recovery    request to gNB through the non-contention based channel which is frequency division multiplexed with RACH.
Proposal 2. NR shall support contention-based PRACH resources for the transmission of beam failure recovery request.
Proposal 3. NR shall support configuration of non-contention based channel based on PRACH or contention-based PRACH resources for transmission of beam failure recovery request as default.
Proposal 4. In addition to non-contention based channel based on PRACH or contention-based PRACH, NB can configure beam swept PUCCH that are QCLed with either NR-SS or CSI-RS for the transmission of beam failure recovery request. 

Proposal 5. NR shall not support non-beam-swept PUCCH for the purpose of beam failure recovery request transmission.
Proposal 6. NR shall support multi-bit PUCCH to convey additional information during the transmission of beam failure recovery request.    
Proposal 7. UE shall transmit one beam failure recovery request over PUCCH or non-contention based channel based on PRACH over a UE selected candidate beam before the end of monitored response window.
Proposal 8. UE shall assume single response to beam failure recovery request message before the end of a monitored response window.
Proposal 9. Network can configure a response window where the UE monitors response to the beam failure recovery request transmission.
Proposal 10. If UE does not receive a response within the response window then UE can (re)transmit the beam failure recovery request. 
Proposal 11. Network can configure the UE with maximum number of attempts for the purpose of beam failure recovery request (re)transmissions:
a. NW can configure UE to try a maximum of m1 attempts over beam-swept PUCCH (similar to SR procedure in LTE).
b. NW shall configure UE to try a maximum of m2 attempts over non-contention based channel based on PRACH and contention based PRACH resource (similar to regular RACH procedure) 
Proposal 12. If beam failure recovery request transmission over contention free channel based on PRACH uses RACH procedure, then the UE shall, upon beam failure recovery problem indication from lower layers consider radio link failure to be detected.
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