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1. Introduction

In the previous RAN1 meetings, the following agreements related to beam failure recovery have been made.   

RAN1 #88bis:  

Agreements:
· 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:

· 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 

RAN1 #89: 
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 

RAN1 #90bis: 
Agreement:
gNB response is transmitted via a PDCCH addressed to C-RNTI
FFS: DCI format for gNB response

Dedicated CORESET(s) is applied for monitoring gNB response for BFRQ. The CORESET is down-selected from the following two alternatives:
Alt 1: the same CORESET (s) as before beam failure

Alt 2: dedicatedly configured CORESET for beam failure recovery.

Email discussion to discuss the remaining beam failure recovery issues in slides 8, 9, 10 of R1-1719174

· Until Oct 27, Chia-Hao (MediaTek)

Update from email approval:

Agreements:

· Support RRC configuration of a time duration for a time window and a dedicated CORESET for a UE to monitor gNB response for beam failure recovery request.

· UE assumes that the dedicated CORESET is spatial QCL’ed with DL RS of the UE-identified candidate beam in the beam failure recovery request.

· FFS: multiple dedicated CORESETs can be configured to a UE, where each CORESET can have different spatial QCL configuration

· Note: the time window is determined by a fixed time offset defined in the spec with respect to beam failure recovery request transmission and the RRC configurable time duration starting from the fixed time offset. 

· FFS the value of fixed time offset k (slots).
RAN1 #91: 

Agreements: Upon receiving gNB response for beam failure recovery request transmission, UE shall
· UE shall monitor CORESET-BFR for dedicated PDCCH reception until one of the following conditions is met: 

· Reconfigured by gNB to another CORESET for receiving dedicated PDCCH and activated by MAC-CE a TCI state if the configured CORESET has K>1 configured TCI states 

· FFS: if a default TCI state can be assumed for PDCCH after reconfiguration without MAC-CE activation

· Re-indicated by gNB to another TCI state(s) by MAC-CE of CORESET(s) before beam failure

· Until the reconfiguration/activation/re-indication of TCI state(s) for PDCCH, UE shall assume DMRS of PDSCH is spatial QCL’ed  with DL RS of the UE-identified candidate beam in the beam failure recovery request

· After the reconfiguration/activation/re-indication of TCI state(s) for PDCCH, UE is not expected to receive a DCI in CORESET-BFR.

· Note: this applies to same carrier case.

In this contribution, we discuss more details on remaining issues about beam failure recovery, especially on perspective of gNB response. This contribution is a revision of R1-1800622
2. Discussion on gNB response
According to current agreements and specification, UE is supposed to monitor gNB response on the dedicated BFR CORESET within the response window after the UE transmits the BFRQ. After the UE receives the gNB response, the UE keeps monitoring the BFR CORESET on the candidate beam until further reconfiguration/indication. If the UE does not receive the gNB response within the response window, UE will wait for next PRACH opportunity for BFR to retransmit BFRQ. However, it is still unclear that the UE monitoring behaviour between the ending time of response window and the starting time of the next PRACH opportunity for BFR. Here are two options for UE’s monitoring: 

Option 1: UE keeps monitoring dedicated CORESET for BFR; 

Option 2: UE backs to monitor CORESET configured previously before beam failure. 

From our side, we slightly prefer to support option 1 due to benefits it brought. Given the potential possibility that network has received the BFRQ but UE misses gNB response, keeping monitoring the dedicated CORESET for BFR allowed network the capability of connecting with UE proactively. 
Proposal 1: RAN 1 is supposed to specify the UE monitoring behaviour after the response window ends and before the retransmission of BFRQ starts.
Based on current available agreements, after UE sends a beam failure recovery request (BFRQ) to network, UE would start to monitor a gNB response from network. UE would monitor the gNB response on a dedicated CORESET within a configured response time window. However, until now, there are no further decisions or agreements on the content or format of gNB response. As agreed in previous meetings and some corresponding email discussions, the dedicated CORESET is configured only for gNB response monitoring, which means the dedicated CORESET may not be used by network to transmit control channel before beam failure occurs. Furthermore, the gNB response is agreed to be scrambled by or addressed to C-RNTI, which means the gNB response is UE-specific. Hence, if UE receives an UE-specific control channel on the dedicated CORESET, UE could realize the beam failure recovery request is successfully received by gNB. Naturally, the UE-specific control channel can be seen as a gNB response. In this way, it may not be necessary to specify the exact DCI format of gNB response. Also, not to use a fixed format provides network the flexibility to choose different type of control signal as gNB response after receiving the BFRQ. Then, gNB response in the form of different type of control signal can serve for different purposes. For example, gNB response can be a downlink assignment in case network requires triggering a quick downlink transmission due to the downlink data loss caused by beam failure.  UL grant as gNB response is also possible. In addition, gNB response can also be an RS triggering or aperiodic beam report triggering for further beam refinement. 
Proposal 2: The content or format of gNB response is not specified or fixed in NR design. 
Proposal 3: NR supports flexibility for network to choose one type of downlink control signal as gNB response to BFRQ. 
When beam failure occurs, the original serving beams for at least control channel do not function normally. UE starts to find candidate beam and indicate it implicitly by transmitting beam failure recovery request. After beam links between network and UE successfully recover, network can only use the UE-identified candidate beam to communicate with UE in case further beam refinement is triggered. There is chance that TA value used for the UE-identified beam and that for serving beam(s) before beam failure occurs are different. For instance, beam quality decreases since the UE rotation and a baggage happens to block the serving beam. Hence, the direction of UE-identified beam and that of serving beams are possible to differentiate, also the transmission paths. According to this, if UE intends to transmit UL transmission, or required by network, a new TA value needs to be indicated to UE as soon as possible. According to this situation, there should be a quick mechanism for UE to obtain modified TA value during or after beam failure recovery procedure. 
Observation 1:  Due to the difference between UE-identified candidate beam and serving beams before beam failure, there may be a TA modification issue after beam links successfully recover. 
Proposal 4: NR supports a quick mechanism for TA modification during or after beam recovery procedure. 
3. Conclusion

In this contribution document, we have the observation shown as below.
Observation 1:  Due to the difference between UE-identified candidate beam and serving beams before beam failure, there may be a TA modification issue after beam links successfully recover. 

According to the discussions and observation, we have the following proposals for beam failure recovery procedure in the NR design. 
Proposal 1: RAN 1 is supposed to specify the UE monitoring behaviour after the response window ends and before the retransmission of BFRQ starts.

Proposal 2: The content or format of gNB response is not specified or fixed in NR design. 

Proposal 3: NR supports flexibility for network to choose one type of downlink control signal as gNB response to BFRQ. 

Proposal 4: NR supports a quick mechanism for TA modification during or after beam recovery procedure. 
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