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Introduction
[bookmark: _GoBack]In RAN1#89, working assumption and several agreements have been made on beam failure recovery [1]:
Working assumption:
· Support at least the following triggering condition(s) for beam failure recovery request transmission:
· Condition 1: when beam failure is detected and candidate beam is identified at least for the case when only CSI-RS is used for new candidate beam identification
· FFS Condition 2: Beam failure is detected alone at least for the case of no reciprocity
· FFS how the recovery request is transmitted without knowledge of candidate beam
· Note: if both conditions are supported, which triggering condition to use by UE also depends on both gNB configuration and UE capability
Agreements 1:
· 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 2:
· 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 this contribution, we provide our views on some of the open issues.
Beam failure recovery triggering condition
Beam recovery procedure should be fast and the resource overhead should be low. These two criterions can be used to compare different beam recovery mechanisms and decide whether to support each of them or not.
When beam failure occurs, UE will not be able to receive NR-PDCCH anymore. At this moment, it should be assumed that without further operation, there is no candidate beam for UE to switch to. Because the candidate beam obtained before may also be blocked at the same time. Thus, the candidate beam should be identified after beam failure occurred. 
During RAN#88bis, it’s agreed that beam recovery mechanism includes four aspects:
· Beam failure detection
· New candidate beam identification
· Beam failure recovery request transmission
· UE monitors gNB response for beam failure recovery request
We can see that both uplink transmission and downlink transmission are needed to achieve beam recovery. Which means the candidate beam should be separated into uplink and downlink.
To guarantee that gNB receives beam recovery request successfully, different procedures should be considered according to whether beam correspondence holds.
· If beam correspondence holds
· According to triggering condition 1, UE should first receive the periodic DL RS (e.g. CSI-RS, SS block if agreed) and estimate the beam quality to find candidate DL Rx beam. Then candidate UL Tx beam is identified based on candidate DL Rx beam. Beam recovery request is transmitted using candidate UL Tx beam.
· According to triggering condition 2, without taking advantage of beam correspondence, UE has to perform Tx beam sweeping to transmit beam recovery request, which will cause UL resource overhead as well as sweeping delay.
· It’s not necessary to contain candidate DL beam information during beam recovery request transmission.
· If beam correspondence doesn’t hold, candidate UL Tx beam can not be identified based on DL measurement. Thus UE has to perform Tx beam sweeping to transmit beam recovery request. Besides, NR-PUCCH may not be blocked and can be used for beam recovery request transmission.
· According to triggering condition 1, UE should first receive the periodic DL RS (e.g. CSI-RS, SS block if agreed) and estimate the beam quality to find candidate DL Tx beam. The beam recovery request contains candidate DL beam information.
· According to triggering condition 2, UE transmits beam recovery request as soon as beam failure is detected.
When gNB received beam recovery request successfully, new available UL Rx beam can be obtained, and then:
· If beam correspondence holds
· Candidate DL Tx beam is identified based on candidate UL Rx beam. gNB should transmit beam recovery response using candidate DL Tx beam. The beam recovery response doesn’t need to contain beam related information.
· According to triggering condition 1, UE uses candidate DL Rx beam identified before to receive beam recovery response. 
· According to triggering condition 2, UE has to perform Rx beam sweeping to receive beam recovery response, which will cause UL resource overhead as well as sweeping delay.
· If beam correspondence doesn’t hold
· According to triggering condition 1, UE uses candidate DL Rx beam identified before to receive beam recovery response. The response doesn’t need to contain beam related information.
· According to triggering condition 2, DL beam sweeping with pre-configured resource(s) is necessary for gNB and UE to find candidate beam. The response should contain UL beam related information. Additional beam related report is needed to inform gNB candidate DL Tx beam(s) before further DL transmission.
From the beam recovery procedure described above, we can conclude that if beam correspondence holds, beam recovery mechanism with triggering condition 1 doesn’t need to perform beam sweeping, which reduces resource overhead and sweeping delay. If beam correspondence doesn’t hold, beam recovery mechanism with triggering condition 1 doesn’t need pre-configured DL resource(s) and additional beam report comparing to triggering condition 2. Therefore resource overhead and delay can be reduced.
Observation 1: Beam recovery mechanism with triggering condition 1 has lower resource overhead and delay no matter if beam correspondence holds or not.
Proposal 1: Beam recovery triggering condition 2 is not supported.
Beam failure recovery request transmission
According to agreements 1, NR supports non-contention based channel based on PRACH as well as PUCCH for beam failure recovery request transmission. Whether contention based PRACH can be supported is FFS. 
In our view, as described before, beam recovery procedure should be fast and the resource overhead should be low. If contention based PRACH is supported, 4-step procedure like random access will be used. Different UEs may use the same resources to transmit beam recovery request, and then contention resolution strategy should be used to determine which UE would continue the beam failure recovery procedure. On the other hand, other UE(s) will have to restart the beam recovery request transmission at the next transmission occasion. This mechanism obeys the design principle of fast procedure and low resource overhead.
Observation 2: Beam failure recovery request transmission using contention based PRACH resources will cause large transmission delay and resource overhead.
Proposal 2: Beam failure recovery request transmission using contention based PRACH resources is not supported.
Regarding beam recovery request on PUCCH, there are at least the following understandings.
· The first understanding is that UE is configured with PUCCH specifically used for different candidate beams;
· The second understanding is that UE uses the PUCCH configured for normal UCI transmission;
For the first understanding, it is obvious that UE PUCCH configuration would be based on all possible candidate beams. From this perspective, such schemes would be of no difference compared to transmission on PRACH. It is not necessary to define any beam sweeping behavior from specification point of view. 
For the second understanding, PUCCH resources for the UE transmission would be limited and not configured for each candidate beam. One of the options would be to define beam-sweeping schemes within one normal PUCCH resource for above scenarios. But such design would deteriorate PUCCH performances under normal conditions. It is not preferred to design PUCCH in such a way. Thus PUCCH transmission should be limited to the scenario that UL beam is not broken. Under such condition, UE could still use the original UL Tx beam. 
Proposal 3: PUCCH with beam sweeping should not be supported.
Conclusion
In this contribution, we have the following observations:
Observation 1: Beam recovery mechanism with triggering condition 1 has lower resource overhead and delay no matter if beam correspondence holds or not.
Observation 2: Beam failure recovery request transmission using contention based PRACH resources will cause large transmission delay and resource overhead.
Based on these observations, we have the following proposals:
Proposal 1: Beam recovery triggering condition 2 is not supported.
Proposal 2: Beam failure recovery request transmission using contention based PRACH resources is not supported.
Proposal 3: PUCCH with beam sweeping should not be supported.
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