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1. Introduction
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 TRP. To circumvent the problem, UL signal can be transmitted to initiate beam recovery process. In this case, network can immediately recognize beam failure through UL signal, and then, take appropriate actions such as allocation of UL resource to report beam status or transmission of DL RSs for beam management, whose further details can be found in our companion contribution [1].
In the previous meetings, there were discussions and agreements regarding UE initiated mechanisms for beam recovery. Also, it was agreed that network explicitly configures to UE with resources for UL transmission of signals for recovery purpose as follows:
Agreements:
· NR supports that UE can trigger mechanism to recover from beam failure 
· Network explicitly configures to UE with resources for UL transmission of signals for recovery purpose
· Support configurations of resources where the base station is listening from all or partial directions, e.g., random access region
· FFS: Triggering condition of recovery signal (FFS new or existing signals) associated UE behaviour of monitoring RS/control channel/data channel
· Support transmission of DL signal for allowing the UE to monitor the beams for identifying new potential beams
· FFS: Transmission of a beam swept control channel is not precluded
· This mechanism(s) should consider trade-off between performance and DL signalling overhead.

In this contribution, we provide LGE’s view on UL signal for beam recovery.


2. Discussions on UL signal for beam recovery
When current TRP/UE beam(s) is invalid, UL signals may need to be transmitted on multiple UL beam pairs, which is illustrated in the following figure. 
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In this figure, we assume that TRP 1 and TRP 2 are able to cooperate quite closely. For example, LTE CoMP scenario 4 – like operation, i.e. same cell CoMP, can be assumed to be enabled between TRP 1 and TRP 2. From DL/UL beam management perspective, multiple DL/UL beam pairs for both TRPs could be manageable in a UE transparent way (e.g. via multiple beam indicator reporting from UE). If UE recognizes serving DL beam or beams (e.g. 1st and 3th UE Tx beams connected to TRP 1 and TRP2) quite poor, UL signal for beam recovery can be transmitted to the TRP 2 through 4th UE Tx beam. To this end, UL signal would be needed to be transmitted in any direction without notification to TRP. Since its direction will not be predictable at TRP, TRP would support Rx beam sweeping to receive UL signal. 
Another aspect we need to consider is that the use of alternative beam pair may incur UL timing synchronization error due to switching to different TRP or different panel that is not perfectly calibrated within a TRP/UE. Accordingly, the UL signal should be designed to have robustness to UL timing error.
Observation 1: For designing UL signal for beam recovery, following aspects should be considered:
1 TRP Rx beam sweeping for listening the signal
2 Robustness to UL timing synchronization error. 


From above observations, it seems that dedication of a part of PRACH resources for the purpose of beam recovery can be a good solution for the beam recovery request. NR-PRACH preamble will be designed to be robust to UL timing synchronization error. Furthermore, it was agreed that TRP supports Rx beam sweeping for the detection of PRACH preamble in RAN1#86. In this regard, design requirements for PRACH and UL signal for beam recovery request are perfectly aligned. To minimize standard impact and effort, dedication of a part of PRACH preamble resource would be suitable for UL signal for beam recovery. Dedicated PRACH resources can have code/sequence resource (e.g. root sequence, cyclic shift, OCC) or time/frequency resources differentiated from general purpose of PRACH, i.e. access request. Up on detection of dedicated PRACH resource, TRP can assign UL grant to the UE for the beam reporting including alternating beam indicator and its strength (e.g. RSRP) possibly accompanied by TA. 
Proposal 1: For UL signal for beam recovery request, a part of PRACH resources (e.g. sequences) can be dedicated.
Proposal 2: Network assigns UL grant for beam reporting in message 2.

3.  Conclusion
In this contribution, we discussed on UL signal for beam recovery. Proposals and observations are captured as followings:
Observation 1: For designing UL signal for beam recovery, following aspects should be considered:
1 TRP Rx beam sweeping for listening the signal
2 Robustness to UL timing synchronization error. 
Proposal 1: For UL signal for beam recovery request, a part of PRACH resources (e.g. sequences) can be dedicated.
Proposal 2: Network assigns UL grant for beam reporting in message 2.
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