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Introduction
[bookmark: _Ref129681832]In RAN1#87 and RAN1#86bis, the following were agreed [1], [2]:
· NR should study the necessity of event-driven UE initiated UL transmission, e.g., in the event of beam quality degradation 
· E.g. due to UE mobility/rotation, blockage, and/or link failure, etc.
· FFS: details of event(s) of beam quality degradation
· 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., RACH preamble sequence, DL/UL reference signal, control channel, etc.
· If needed, resource allocation for this mechanisms
· E.g., RACH resource corresponding mechanism, etc.
Discussion on NR link recovery
Link recovery scenarios
Due to beam based communications for above 6GHz band, the current DL/UL serving beam pair link (BPL) may have failed i.e., link failure due to user movement, rotation and blockage. Therefore the serving beam pair link is no longer suitable for reliable communication and link recovery is necessary. For the link failure detection, the link quality (e.g., PDCCH block error rate of the serving beam pair link or the channel measurement results, such as CQI or other metrics) bellows a certain threshold within a period of measurement time, then link failure should be declared and link recovery procedure is triggered at the same time.
Note that, considering the situation when beam correspondence does not hold for either UE or TRP, the downlink beam pair and the uplink beam pair might go through different channel paths. Furthermore, different directional beams for reception and transmission may be adopted even beam correspondence holding at both UE and TRP. 
In addition, TRP could transmit in much higher power than UE, which may lead to only UL failure case although DL and UL may go through the same channel path with the same beamforming at TRP and UE. On the other hand, TRP might transmit wide band signal to cover many UEs whereas single UE near from the serving TRP might transmit narrow band signal with power boosting, which may lead to only DL failure case.
Without loss of generality, there might be the following scenarios to be considered when designing link recovery mechanisms, as shown in Figure 1: 1) Both DL and UL failure; 2) Only DL failure; 3) Only UL failure.
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Figure 1. Different link recovery scenarios
Proposal 1: NR supports different link recovery scenarios
· Both DL and UL failure
· Only DL failure 
· Only UL failure 
Link recovery initiation and triggering
[bookmark: _GoBack]In LTE, UE monitors the PDCCH to determine the in-sync status or out-of-sync status. In NR, similar methods could be applied, where UE monitors the PDCCH and PDSCH in a period of time to determine the DL link quality. 
When some pre-configured conditions for link recovery are satisfied, then the UE initiates link recovery procedures. A high-level procedure for UE initiated link recovery, as an example, is depicted in Figure 2. NW can require UE to use the DMRS of PDCCH or PDSCH to monitor the quality of current link, and response the UE’s recovery request in time. Furthermore, such a UE initiated link recovery can let UE feedback different causation of such a failure implicitly or explicitly, which can assist the NW to utilize properly method to repair the link, e.g., feedback by PUCCH when only DL is failure.
[image: ]
Figure 2. Example of  high-level procedure for UE initiated link recovery
On the other hand, NW is also able to detect link degradation by monitoring the PUCCH and PUSCH or periodic SRS or no feedback from scheduled UE. Similarly, detection in a period of time is needed to trigger the link recovery procedures. Therefore, we have following proposals.
Proposal 2: NR supports both UE initiated and NW triggered link recovery procedures.
To better regulate UE initiated or NW triggered link recovery, a suite of procedures should be defined in the specification. In our view, such procedures should at least contain a series of events for UE to decide when to trigger the report process, a UL request format design for UE to describe the trigger request, and a UL channel for UE to deliver such request.
The specification should use the predefined event set to regularize UE’s report. The event may consist of different criteria and inequalities to assist UE to judge or predict the quality of current BPL. In a general view, gNB can select one or more events from the set and configure these events to UE via RRC or MAC-CE signaling. The corresponding parameter, threshold and/or required feedback type can also be dynamically or semi-dynamically configured by NW. Armed with these principles, the UE can monitor the quality of current BPL and check if any events occurred after every measurement. If some criteria described in the configured event are satisfied, the UE should trigger UL request. The whole process is illustrated in Figure 3. The event can be used to measure the relationship of the beam quality between current BPL and many other competitors, e.g. other BPL within/without the same BPL group, a predefined threshold, the previous quality of itself, the control BPL, and etc. The beam quality can be interpreted as RSRP, CQI, and etc. Remind that to avoid ping-pong effect in UE’s triggering, hysteresis parameters or double trigger mechanism can be introduced, as illustrated in Figure 3.
As the UL request is initiated by the UE, UE can simply transmit a 1-bit message to inform TRP the failure of current BPL. Furthermore, UE can feed back the type of the occurred event. Such an enhanced feedback can help the TRP to know better the seriousness of the reported link failure. Furthermore, the UE may even feedback the causation of such a failure, e.g. mobility, rotation or blockage, implicitly or explicitly. Such an enhancement can help the TRP to properly choose the correct method, i.e. beam switching, transmit diversity or beam training, to recover the link fast. That is because different causation of link failure may require the TRP to operate differently in the recovery procedure.
As the UL request is initiated by the UE, the UL channel resource to enable it should be considered. Two basic mechanisms, i.e. reserved resource based and competition based can be the starting point. Detail discussion is made in next section.
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Figure. 3 Double check mechanism in UE triggered UL transmission
Similarly, If NR supports NW triggered link recovery, link failure and the associated event(s) should also be defined in the spec. For NW, the event could be based on the measurement results of PUCCH/PUSCH/SRS or no feedback of a scheduled UE in a period of time. 
Proposal 3: Link failure and the associated event(s) should be defined in NR.
Proposal 4: To enable UE initiated link recovery procedure, the events could be dynamically configured to UE, which determines UE’s measurement and feedback. The feedback can implicitly or explicitly represent the causation of link failure. 

Link recovery mechanism
Because the link recovery mechanism for data channel and control channel are different, we separate the mechanisms into two subsections.
Link recovery for control channel
For NW initiated link recovery when only UL control channel is failure, e.g., low coherent Tx/Rx beams for the UE, it is desirable to use PDCCH to inform UE that the UL control channel is failure at a pre-configured time. Meanwhile, NW could schedule the UE to try uplink beams in dedicated resource. The beam(s) for PDCCH transmission could be from the maintained multiple beam pair links. Specifically, NW could try to inform the UL link failure message on the serving DL Tx beam by PDCCH and to request UL beam sweeping in assigned resource. Specifically, NW could schedule UE to switch its Tx beam at the assigned subframe. TRP will listen to the assigned subframe to check whether the UE provides correct feedback. 
For NW triggered link recovery when only DL is broken, it is desirable to use PUCCH to inform NW that the DL is failure. NW will try to restore the DL link by other possible beam pair links.
Proposal 5: NR supports the DL link failure indication via UCI, and UL link failure indication via DCI, where the contents of link failure indication are FFS.
For the scenario where DL and UL are failure, e.g., same Tx/Rx beams for the UE, UE don’t need to report the coherence information. In this case, it is useful to use dedicated RACH resource and simplified RACH procedure to request for link recovery on feasible beam(s). The feasible beam(s) may be from the maintained multiple beam pair links or the latest measured feasible beam(s). 
As shown in Figure 4, NW should configure the UE with dedicated RACH resources which is valid during a time window for the RRC connected UE for the purpose of fast link recovery. UE performs the simplified random access procedure when the blockage happens during the time window using the configured dedicated RACH resources. The UE’s RRC context will be kept by the NW during the time window. The simplified random access includes the following two steps:
Msg1: UE transmits the preamble using the configured dedicated RACH resource and the RACH carries the UE’s recommended beam information for link recovery. 
Msg2: NW identifies the UE by detecting the dedicated RACH resource. Meanwhile, the NW can also obtains the UE’s recommended beam information and switch the serving beam to UE’s recommended beam to recover the subsequent communication. In addition, TA information can also be included in the Msg2. Note that fast UL beam adjustment could also be applied and TRP detects the desirable UE Tx beam. Such beam information can also be included in Msg 2.
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Figure 4. Dedicated RACH and simplified RACH procedure for fast link recovery
Link recovery for data channel
We have discussed the link recovery mechanism when the control channel gets failure. On the other hand, when only the data channel gets failure, link recovery becomes much easier. Note that in this case, control channel is still for reliable communication, and thus the link could be easily recovered by beam pair switching or beam adjustment for the broken beam pair(s) for data channel. Note that the monitoring of DL data channel could be based on CSI-RS, while the monitoring of UL data channel could be based on SRS. Other RS is not precluded. Therefore, we have following proposals.
Proposal 6: NR supports link recovery at least by RACH, CSI-RS and SRS.

Conclusions
This contribution discusses link recovery in NR and concludes with the following proposals:
Proposal 1: NR supports different link recovery scenarios
· Both DL and UL failure
· Only DL failure 
· Only UL failure 
Proposal 2: NR supports both UE initiated and NW triggered link recovery procedures.
Proposal 3: Link failure and the associated event(s) should be defined in NR.
Proposal 4: To enable UE initiated link recovery procedure, the events could be dynamically configured to UE, which determines UE’s measurement and feedback. The feedback can implicitly or explicitly represent the causation of link failure. 
Proposal 5: NR supports the DL link failure indication via UCI, and UL link failure indication via DCI, where the contents of link failure indication are FFS.
Proposal 6: NR supports link recovery at least by RACH, CSI-RS and SRS.
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