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1. Introduction

In RAN1#86bis, agreements regarding beam recovery for NR were drawn as follows [1]:
Agreements:
· NR supports mechanism(s) in the case of link failure and/or blockage for NR

· Whether to use new procedure is FFS

· Study at least the following aspects:

· Whether or not an DL or UL signal transmission for this mechanism is needed

· E.g., PRACH preamble sequence, DL/UL reference signal, control channel, etc.

· If needed, resource allocation for this mechanisms

· E.g., RACH resource corresponding mechanism, etc.
Also, multiple/repeated PRACH preamble transmission, and network/UE (FFS) triggered aperiodic beam reporting were agreed as followings: 

Agreements:
· RACH resource:
· A time-frequency resource to send RACH preamble
· Whether UE needs to transmit one or multiple/repeated preamble within a subset of RACH resoueces can be informed by broadcast system information
· For example, to cover gNB RX beam sweeping in case of NO Tx/Rx reciprocity at the gNB
Agreements:
· Support at least network triggered aperiodic beam reporting:

· Aperiodic beam reporting is supported under P-1, P-2, and P-3 related operations

· FFS beam reporting details

· FFS: UE assisted/initiated aperiodic beam reporting

· FFS: In case of UE assisted/initiated aperiodic beam reporting, UE request message can be transmitted on a reserved/dedicated/common uplink channel (e.g. physical random access channel, physical uplink control channel).

· Further study is needed whether semi-persistent/periodic/event-triggered beam (network triggered or UE assisted/initiated) reporting is needed.

Based on the agreements, in this contribution, we provide LGE’s view on NR beam recovery.
2. Views on beam recovery
· UE initiated aperiodic beam reporting for beam recovery
Since UE movement/rotation or beam blockage can make currently selected TRP Tx beam and/or UE Rx beam unavailable, NR should support mechanism(s) for TRP and UE to find available beam as soon as possible. If current beam is unavailable, the received signal power can be rapidly reduced. In this case, a UE can recognize the current beam unavailable in advance of TRP, but it may not be feasible to report this situation to gNB. To circumvent the problem, UL signal can be transmitted to initiate DL beam management procedure such as P-1, P-2, and P-3. Upon reception of the UL signal, gNB can transmit beam RS to the UE and allocate UL resource for aperiodic beam reporting to the UE through DCI. If periodic beam RS exists, the periodically transmitted beam RS can be a good reference signal to use for above purpose. 
Proposal 1: UL signal transmission for beam recovery should be considered.
· Considerations on UL signal for beam recovery
When current TRP/UE beam(s) is invalid, UL signal may need to be transmitted on different TRP/UE beam pair. The alternative beam pair can be based on different hardware implementation conditions, e.g. Tx beam from different TRP, Tx beam from same TRP but different panel, or Rx beam from different UE panel where those panels are not perfectly calibrated. Accordingly for the UL signal transmission for the beam recovery, UL timing synchronization may not be guaranteed to be maintained. Another aspect we need to consider is that supporting the UL signal transmission may require UE dedicated or reserved resource (e.g. SRS, PRACH). Accordingly, to design a UL signal for beam recovery, we should consider timing synchronization error and RS overhead.

Observation 1: For designing UL signal for beam recovery, following aspects can be considered:
1. Time synchronization error. 
2. RS overhead of UL signal.
· UL signal candidates for beam recovery
Based on observation 1, we discuss SRS and PRACH preamble as UL signal for beam recovery in the followings.
SRS is transmitted within UL data subframe, so that its estimation performance is sensitive to timing synchronization error. Also, since SRS requires UE dedicated resource and link failure may be hardly predictable, the resource should always be reserved for each UE. Furthermore, UE preferred gNB Rx beam can be in any direction, and therefore, it is necessary for UE to transmit SRS in any direction. To this end, multiple UL resources corresponding to multiple directions should be allocated for each UE. Especially, for non-Tx/Rx reciprocity at the gNB, SRS can be received with gNB Rx beam sweeping, so that UE should transmit SRS repeatedly during the beam sweeping. As a result, SRS based beam recovery could require high RS overhead, so that it would not be suitable for UL signal for beam recovery. 

Observation 2: SRS seems to be not suitable for the beam recovery request from UL synchronization and UL RS overhead perspective. 
Since PRACH preamble is designed for UL initial access, it is very robust to timing synchronization error. Also, contention based PRACH preamble uses UE shared resource, so that the resource should not be reserved for each UE. Furthermore, since reception of PRACH preamble supports gNB RX beam sweeping, UE can transmit PRACH preamble in any direction.
In this regard, PRACH preamble can be applied without RS overhead burden in the case of non-Tx/Rx reciprocity at the gNB. Accordingly, PRACH preamble would be suitable for UL signal for beam recovery. 
Proposal 2: For UL signal for beam recovery request, consider PRACH preamble as a baseline.
Meanwhile, PRACH preamble for NR can be classified to contention and non-contention ones as in LTE. Use of contention based PRACH preamble may incur collision, which results in high latency for beam recovery. To circumvent the collision issue, gNB can allocate non-contention based PRACH preamble resource for beam recovery to each UE. In this case, gNB can recognize UE request for beam recovery upon reception of the PRACH preamble, and allocate PUSCH resource to the UE through DCI. On the other hand, for beam recovery using contention based PRACH preamble, PUSCH resource allocation can be done through RACH response. As a result, non-contention based PRACH preamble provides faster beam recovery but requires PRACH preamble resources dedicated for the beam recovery purpose.
Proposal 3: Study both contention and non-contention based PRACH preamble based beam recovery.
3. Conclusion

This contribution discussed beam recovery for NR. Following observations and proposals are given, based on the discussion:

Observation 1: For designing UL signal for beam recovery, following aspects can be considered:
1. Time synchronization error. 
2. RS overhead of UL signal.
Observation 2: SRS seems to be not suitable for the beam recovery request from UL synchronization and UL RS overhead perspective. 
Proposal 1: UL signal transmission for beam recovery should be considered.
Proposal 2: For UL signal for beam recovery request, consider PRACH preamble as a baseline.
Proposal 3: Study both contention and non-contention based PRACH preamble based beam recovery.
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