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1 Introduction

In RAN1#89, the following agreements were achieved for beam management [1][2]:
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 

This contribution discusses possible RAN2 impacts of DL beam management and recovery from beam failure in NR.

2 DL Beam management
Beam management (BM) aims at ensuring that a suitable beam par link set to communicate with the gNB is always available. It includes beam measurements, beam reporting, beam switching and recovery from beam failure. The available beam set can be updated during BM procedures. When the channel quality of beam pair link(s) belonging to the beam set is degraded due to UE mobility, BM procedure can be triggered and performed to inform the gNB on the degraded best beam pair link(s) and find another best beam pair link(s). According to previous study [3], “the best beam pair remains the same for about 40ms when the UE is moving at pedestrian speeds (for some certain channel models)”. Considering how time-sensitive BM is, it is critical that signalling associated with beam management does not involve layers above the MAC layer.

Proposal 1: beam management procedures, e.g. beam measurement, beam measurement report, beam switching, recovery from beam failure, should avoid involving signalling in layers above the MAC layer.
Due to UE mobility, the best UE Rx beam may be degraded. RAN1 agreed the UE supports periodic/sem-persitent/aperiodic beam reporting for beam management procedures of P-1/P-2/P-3. In that case, the UE Rx beam setting for PDCCH monitoring NR-PDCCH should be correspondingly adjusted by gNB based on these beam report from UE side. 
Proposal 2: A DL MAC CE could be introduced for DL beam management on UE Rx beam setting for PDCCH monitoring on multiple beam links.
2.1 Beam failure recovery

In case of a NR UE moves to a new location, it is likely that the channel quality of a serving beam pair link, e.g. DL beam 1 in figure 1, is suddenly drastically degraded due to blocking, e.g. beam failure occurs. In that case, to impove robustness transmission, the UE should trigger beam status report in order to timely inform beam failure to gNB.

Proposal 3: the UE triggers beam status report if beam failure occurs.
Once the beam status report is triggered and not cancelled, to reduce latency if there is UL resource at least for new trasnmission, UE can generate beam status report and send this report via the resource, and does not need to perform beam failure recovery procedure to request resource for beam status report transmission. Otherwise the UE can trigger beam failure recovery request (BFRR) procedure as scheduling request. Furthermore RAN1 agreed both PUCCH and non-contention based channel based on PRACH can be used to send BFRR, e.g. the UE can send BFRR on PUCCH if uplink time is aligned and on non-contention based channel resource based on PRACH if uplink time is not aligned. In case both PUCCH and non-contention based channel resource based on PRACH are configured simultaneously, to decrease UE’s complexities, only one beam failure recovery procedure ongoing is allowed at any point in time in a MAC entity; to reduce latency, the UE should prioritize to send BFRR on PUCCH over non-contention based channel based on PRACH.

Proposal 4: the UE can send the beam status report to gNB and does not need to perform beam failure recovery procedure if the triggered beam recovery report(s) is not cancelled and there is UL resource. 

Proposal 5: the UE triggers beam failure recovery request on PUCCH with uplink alignment or non-contention based channel based on PRACH without uplink alignment if there is no UL resource for new transmission and the triggered beam recovery report(s) is not cancelled. 
Proposal 6: there is only one beam failure recovery procedure ongoing at any point in time in a MAC entity. Beam failure recovery request on PUCCH prioritizes to beam failure recovery request on non-contention based channel based on PRACH if both PUCCH and non-contention based channel based on PRACH are configured.
In LTE, PUCCH is only configured on SpCell and PUCCH SCell. We believe this is also applicable to NR. In that case if beam failure occurs on any serving cell, the UE should be allowed to send BFRR on PUCCH of SpCell or PUCCH SCell. However due to UE mobility, it is likely both DL beam failure and UL beam are failed simultaneously. For beam failure occurs in a serving cell, if the UE sends the beam failure recovery request via PUCCH in the other serving cell or if the beam failure recovery request on PUCCH of the serving cell triggered beam failure but beam correspondence does hold at TRP or UE, the gNB can realize the DL beam failure by beam failure recovery request but may not be able to realize whether UL serving beam of the serving cell is failed. In that case the gNB may trigger the UE to perform UL beam failure recovery, e.g. contention-free random access, to obtain the candidate UL beam. 
Proposal 7: the UE can send beam recovery request, e.g. on PUCCH of SpCell or PUCCH SCell when DL beam failure occurs on any serving cell with multi-beams operation.

Proposal 8: UL Beam failure recovery for SCell with multi-beams operation may be initiated by network after DL beam failure recovery for SCell is finished.
Once the beam failure request request on PUCCH or on non-contention based channel based on PRACH is sent, the gNB can allocate a resource to UE. Based on the resource, the UE can generate a beam status report to inform gNB on the failed DL beam and good identified candidate DL beam(s). Therefore a MAC CE for beam status reprot can be introduced. E.g. the UE indicates the failed DL beam 1 and the good candidate DL beam 2 and 3 can be used to send the DL control signal by a MAC CE as showed in figure 1. 
Proposal 9: Introduce a beam status report MAC CE for the UE to report the latest suitable DL Rx beams to the serving gNB which could be used as replacement.

After the UE has sent such an beam status report, if the UE is not sure whether this indication was received successfully by the gNB, the beam status report should probably be transmitted again. The gNB could use the candidate DL beam(s) indicated by the UE to provide a response, as showed in figure 1. 
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Figure 1: beam failure and link recovery from beam failure procedure

Proposal 10: The UE needs a response from the network to the indication sent to recover from beam failure. The Response can be the MAC CE proposed in Proposal2.
In case the UE does not received any response, the UE may need to endlessly retransmit the beam failure recovery request. However, if the radio conditions are so that the UE indication cannot be received, a max number of transmissions should be configured. Reaching the maximum number of transmissions could be a trigger to declare RLF.
Proposal 11: In absence of network response, the UE may need to retransmit the beam failure recovery request up to a configured maximum number of transmissions. Reaching the maximum number of retransmissions may be a trigger to declare RLF.
RAN1 is discussing the DL beam management. If RAN2 agrees any proposals in this paper, A LS is needed to inform RAN1 on the corresponding agreement.

Proposal 12: Send LS to RAN1 to confirm the above proposals.
3 Conclusion

In this paper, we discuss possible RAN2 impacts on beam management. We have the following observations and proposals:
Proposal 1: beam management procedures, e.g. beam measurement, beam measurement report, beam switching, recovery from beam failure, should avoid involving signalling in layers above the MAC layer.
Proposal 2: A DL MAC CE could be introduced for DL beam management on UE Rx beam setting for PDCCH monitoring on multiple beam links.

Proposal 3: the UE triggers beam status report if beam failure occurs.

Proposal 4: the UE can send the beam status report to gNB and does not need to perform beam failure recovery procedure if the triggered beam recovery report(s) is not cancelled and there is UL resource. 

Proposal 5: the UE triggers beam failure recovery request on PUCCH with uplink alignment or non-contention based channel based on PRACH without uplink alignment if there is no UL resource for new transmission and the triggered beam recovery report(s) is not cancelled. 

Proposal 6: there is only one beam failure recovery procedure ongoing at any point in time in a MAC entity. Beam failure recovery request on PUCCH prioritizes to beam failure recovery request on non-contention based channel based on PRACH if both PUCCH and non-contention based channel based on PRACH are configured.
Proposal 7: the UE can send beam recovery request, e.g. on PUCCH of SpCell or PUCCH SCell when DL beam failure occurs on any serving cell with multi-beams operation.

Proposal 8: UL Beam failure recovery for SCell with multi-beams operation may be initiated by network after DL beam failure recovery for SCell is finished.

Proposal 9: Introduce a beam status report MAC CE for the UE to report the latest suitable DL Rx beams to the serving gNB which could be used as replacement.

Proposal 10: The UE needs a response from the network to the indication sent to recover from beam failure. The Response can be a MAC CE proposed in Proposal2.

Proposal 11: In absence of network response, the UE may need to retransmit the beam failure recovery request up to a configured maximum number of transmissions. Reaching the maximum number of retransmissions may be a trigger to declare RLF.

Proposal 12: Send LS to RAN1 to confirm the above proposals.
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