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1. Introduction
The following agreements were reached on beam failure/recovery in RAN1#88bis:
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

Conclusion:
· Note: Necessity of SS block and DMRS will be discussed simultaneously later
Agreements:

· Study how to support at least one mechanism when NW receive the beam failure recovery request

· E.g., NW assigns UL grant for beam reporting, NW transmits DL RS for beam measurement, NW signal beam indication or confirmation to UE, etc. 

· E.g., UE assistance on NW decision of which mechanism to apply

· Whether or not a specific mechanism has specification impact 

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, further considerations on recovery from beam failure are provided. 
2. Discussion
2.1. Beam failure detection

UE monitors beam failure detection RS to assess if beam failure occurs. Beam failure detection RS includes at least UE-specific CSI-RS. Beam failure occurs when the quality of BPLs of an associated control channel falls below a threshold. As control channel is monitored on up to N BPLs, beam failure event can be categorized into two categories:
· Type A: All BPLs fail
When all BPLs fail, UE needs to send a request to gNB so that gNB can reconfigure BPLs for the UE. If new DL Tx beam has been obtained, UE can also report the new Tx beam together with the request. 
· Type B: Not all of the BPLs fail
If not all of the BPLs’ quality fall below the threshold, there is still a chance that gNB can use some BPL to transmit control information to UE and through the control information gNB can switch the BPL to a better BPL or trigger UE to perform new beam reporting. We believe this belongs to standard beam management procedure and is out of the scope of beam failure/recovery discussion.
Proposal 1:

· UE declares beam failure only when all the configured beam pair link(s) of an associated control channel fail.
The criterion for UE to declare beam failure could be specified based on the measurement results, e.g., if the measured RSRP of all configured BPLs are lower than X dBm for Y milliseconds, UE declares beam failure. The values of X and Y can be configured by gNB. 
Proposal 2:
· Beam failure recovery request is sent by the UE when qualities of all BPLs fall below a threshold for a pre-defined period of time.
2.2. Beam failure recovery request transmission

The uplink physical channel carrying the request can be transmitted using the current UL Tx beam. However our view is when all DL Tx beams have failed, the propagation conditions of the UE has significantly degraded and the UE cannot safely assume its current UL Tx beam is still valid. Therefore, the request shall be transmitted in a way such that it can reach the gNB reliably, not relying on the existing UL Tx beam.

For beam request signal transmission, if beam correspondence is valid at UE, the UE can transmit the request using new UL Tx beam corresponding to the new DL Rx beam. If beam correspondence is not valid at UE, the UE needs to transmit the request signal in beam sweeping manner. 
For beam request signal reception, if beam correspondence holds at gNB, gNB may use the same DL Tx beam for UL Rx beam, otherwise Rx beam sweeping is needed. Our view is that gNB should support UL/DL beam correspondence in NR. Hence Rx beam sweeping is not needed for beam failure request detection.
Proposal 3: 


· The physical channel carrying beam failure request should be transmitted with UL Tx beam sweeping. 
· UL Rx beam sweeping is not needed for detecting the beam request signal. 
Beam management is based on UE-specific CSI-RS. It is not preferable to use the UL/DL beam associated with the SS block for beam recovery in the event of DL beam failure. Beam quality measurement with SS-block and CSI-RS would use different algorithms and it is preferable to use a single type of RS (e.g. UE-specific CSI-RS) for beam management and beam failure recovery in RRC_CONNECTED mode to simplify UE implementation. 
Proposal 4: 


· Beam failure detection and recovery is based on UE-specific CSI-RS.
DL Tx beam report
It has been agreed that the beam failure request can be transmitted in symbols containing PRACH or other indicated symbols. 
As discussed above, UE needs to transmit the request in beam sweeping manner. As shown in Figure 1, the UE is configured with K groups of resource in PRACH symbols and the resources are multiplexed with the PRACH resources in frequency domain (FDM). UE can transmit the request in multiple resource groups each with different UL Tx beams. 
A mapping between a subset of resources within one resource group and DL Tx beams can be established. UE can select a subset in a group according to the new DL Tx beam and transmit request signal in the subset rather than in all resources in the group. gNB can be aware of which new DL Tx beam the UE has been recommending by the index of the subset on which the request signal is received. If beam correspondence holds at gNB (which in our view should be the case in NR), resource in one group can be divided into subset in time domain, e.g., one subset comprises one OFDM symbol. In this way, Rx beam sweeping is not needed within one subset as the UL Rx beam can be derived from the DL Tx beam mapped to the subset.
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Figure 1: Configuration of resources for request signal
Proposal 5: 

· Implicit reporting of new DL TX beam is considered, e.g. by using resource set associated with each candidate DL Tx beam.
DL beam failure is considered a critical event and using PUCCH for beam failure request transmission is not preferred. Firstly, PUCCH is a light-loaded L1 channel with small payload and insufficient error protection (e.g. no CRC), hence not suitable for beam recovery. Secondly, as discussed above, when all DL beams fail it is very likely that the UE’s UL channel also experiences severely blockage, hence UE cannot assume its current UL Tx beam is still valid but has to resort to UL Tx beam sweeping. Sending PUCCH in a beam sweeping manner is costly in terms of delay and overhead.
Proposal 6:

· PRACH-like channel is used for beam failure recovery request transmission.
UE-ID report
Assume one set of PRACH resources are reserved for beam recovery purposes. The transmission of the request signal within the set can be either contention-based or contention-free. For contention-free transmission, UE transmits the request signal in a dedicated resource which is UE-specifically configured. There is no contention; and therefore, upon reception of the signal the gNB knows explicitly which UE is sending the request signal.
In the case of contention-based transmission, the set of resources (resource pool) are shared by a group of UEs. Once beam failure is identified by one UE, the UE chooses randomly one resource from the resource pool and transmit the request signal. As any UE may trigger the transmission, gNB has to distinguish which UE is sending the request signal. One possible way is to distinguish UE by the used sequence. That is, gNB assigns a unique sequence to each UE that shares the set of resources. When gNB detects a request signal and figures out the UE identity by mapping the sequence to the UE identity, gNB transmits a DL control channel on the new BPL to the UE, i.e., the DCI is scrambled with UE’s C-RNTI. After sending the request signal, UE begins to monitor the control channel with DL Rx beam corresponding to the recommended DL Tx beam. If the procedure succeeds, the UE shall be able to detect the control channel. This is a two-step approach.
Alternatively, procedure of the 4-step RACH can be considered to resolve the contention. After receiving the request signal, gNB sends an Msg2-like message. DCI for Msg2 is scrambled by BR-RNTI (beam request RNIT) which is a function of the PRACH resource for beam failure request. Msg2 carries the index of the sequence on which gNB receives the request signal. Msg2 and its DCI are transmitted with the new DL Tx beam. By reading the index of the PRACH resource/sequence in Msg2 (and its DCI scrambler), UE determines whether its request signal has been successfully delivered. Resource allocation information is included in Msg2 for UE to send an Msg3-like message. Possibly, indication information for UL Tx beam of the Msg3-like message transmission is included (depending on UE beam correspondence capability). In the Msg3-like message, C-RNTI of the UE is included. If gNB can detect the Msg3-like message, the contention is resolved and gNB can send control channel using the new BPL to schedule data transmission. This is four-step approach.
Proposal 7:
· Both 2-step and 4-step approaches (with BR-RNTI) for the beam recovery procedure shall be considered.
2.3. No new candidate beam issue
New candidate beam is identified by monitoring at least periodic CSI-RS for beam management. The periodic CSI-RS is configured by network. A reasonable network implementation shall ensure that the periodic CSI-RS provides enough coverage. That is, any UE in the network shall be covered by at least one of the CSI-RS beam. UE shall always be able to identify a new DL Tx beam. When no beam is good enough, the UE shall assume that the connection is lost and declare RLF.
Proposal 8:
· No new candidate beam issue shall be handled by RLF and beam recovery mechanism shall always assume the UE has a new candidate beam.

3. Conclusions

In this contribution, both details of beam recovery mechanism are discussed. Based on the discussion we have the following proposals:
Proposal 1:

· UE declares beam failure only when all the configured beam pair link(s) of an associated control channel fail.
Proposal 2:
· Beam failure recovery request is sent by the UE when qualities of all BPLs fall below a threshold for a pre-defined period of time.
Proposal 3: 


· The physical channel carrying beam failure request should be transmitted with uplink beam sweeping. 

· UL Rx beam sweeping is not needed for detecting the beam request signal.
Proposal 4: 
· Beam failure detection and recovery is based on UE-specific CSI-RS.
Proposal 5: 
· Implicit reporting of new gNB TX beam is considered, e.g. by using resource set associated with each candidate DL Tx beam.
Proposal 6:
· PRACH-like channel is used for beam failure recovery request transmission.
Proposal 7:
· Both 2-step and 4-step approaches (with BR-RNTI) for the beam recovery procedure shall be considered.
Proposal 8:
· No new candidate beam issue shall be handled by RLF and beam recovery mechanism shall always assume the UE has a new candidate beam.
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