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Introduction
In RAN1#87ah-NR, the following agreement was made:
· 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 behavior 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 tradeoff between performance and DL signaling overhead

In this contribution, we discuss the two main aspects of beam recovery: the beam recovery triggering and the beam recovery action.
[bookmark: _Ref178064866]Discussion
Beam management functionality has been discussed during the NR standardization. The vivid discussions have been fuelled by the large interest in analog beamforming, for which many LTE-like procedures are not suitable.
As beam management is a new field, many procedures are still to be specified. Although there is agreement to use CSI-RS as the reference signal for the procedures, several proposals implicitly indicate the use of other reference signals. There are only vague agreements on how measurements should be performed and reported. There is also a discussion on if and how beam indications should be conveyed to the UE. Last but not least, the issue to what extent beam correspondence can be assumed is being debated. All these important points relate to NW-controlled beam management.
[bookmark: _Ref474156514]Many NW-controlled beam management procedures are still not specified. 
In RAN1#87ah-NR, there was an agreement to support UE-initiated beam recovery. This is a procedure that is performed autonomously by the UE under conditions configured by the network. Hence, this is not a NW-controlled beam management procedure.
Beam recovery aims at re-establishing connection between the UE and the TRP when the UE estimates that the TRP is unable to communicate with the UE. The UE does this by contacting the TRP using another beam pair link than was previously used.
Beam recovery consists of two main parts: the beam recovery triggering condition and the beam recovery action. 
Triggering of beam recovery
One clear trend in the later development of LTE is to define transparent multi-antenna functionality. Such transparency would be a corner stone in developing flexible antenna solutions that may benefit also legacy UEs. The multi-antenna functionality in NR will have this type of transparency as well. This will imply that the TRP will have great flexibility in changing its Tx beam without informing the UE. In particular, the TRP can update its Tx beam if it suspects that the UE is not able to decode the signals the TRP sends to it. 
[bookmark: _Ref474156531]The TRP has great freedom to adjust its beam former to re-establish a lost connection. 
With high probability, some choice of TRP Tx beam would make it possible to reach the UE. If the TRP can reach the UE by adjusting its Tx beam, recovery actions should not occur, since a recovery action will incur quite some performance degradation, it is important that it is not triggered prematurely. Only in cases where the UE can safely assume that the TRP is not able to reach it by any adjustment of its Tx beam, an autonomous recovery action should be initiated:
[bookmark: _Ref474156538]To trigger beam recovery, the UE should be certain that the NW cannot reach it, no matter what actions the TRP takes.
As already noted, there are many details in the beam management procedures that are not yet defined. For instance, it has not been concluded what reference signals should be used. In combination with the NR high-level design target to minimize always-on signals, it is clear that it is cumbersome to define beam-recovery triggering conditions already now. Hence, we proposed
[bookmark: _Ref474156632][bookmark: _Toc474164747][bookmark: _Toc474181846][bookmark: _Toc474181883]Define beam recovery trigger mechanisms when the non-recovery beam management procedure has been specified.
As the network is ultimately responsible for the beam management as whole, the configuration of the beam recovery triggering condition should be configured from the network. 
[bookmark: _Ref474156641][bookmark: _Toc474164748][bookmark: _Toc474181847][bookmark: _Toc474181884]The criteria for when the UE declares beam failure and initiates the recovery procedure should be configured by the network.
Beam recovery actions
Once the triggering condition has been fulfilled, the UE initiates the recovery action. The recovery action implies sending a recovery signal in the uplink, in a resource where the gNB can receive it. The beam recovery action is thus defined by
· What signal is transmitted
· What time-frequency resource is used for the transmission
Since it is assumed that the network has lost connection with the UE, it is not certain that the UE has maintained time alignment with the network. The network must be able to receive the recovery signal without accurate time alignment. Moreover, the network should be able to identify the UE from the recovery signal. 
As agreed in RAN1#87ah-NR, the network should explicitly configure the UE with the resources for transmission of the recovery signal. For TRP that have fully digital beamforming, this is not a problem: the TRP can listen in all directions at the same time, and the UE would simply transmit the recovery signal using its slot timing. The TRP would be able to receive the recovery signal irrespective of the UE location. 
However, the situation is more complicated when the TRP uses analog or hybrid beamforming. Here, the TRP cannot listen in all directions at the same time. When the UE transmits the recovery signal, the TRP must listen in the same direction. To solve this, the UE must understand when the TRP listens in a certain direction.
To solve this, we propose to use the mobility reference signal (MRS) to derive a timing reference. The MRS is used as a target for connected mode mobility measurements, and are transmitted in all directions to enable UEs in neighbour cells to perform measurements. The MRS is transmitted as soon as there are UEs in the cell, or in neighbour cells.
At connection setup, the NW configures the UE with one beam recovery resource for each MRS identity that is transmitted from the serving TRP. If the beam recovery criterion is triggered, the UE finds the best MRS identity, derives the corresponding UL resource, and transmits the USS.
Note that the MRS can always be activated from the serving TRP. In contrast, there may be TRPs from which the PSS/SSS is not transmitted (non-access cells/carriers). We hence propose:   
[bookmark: _Ref474156655][bookmark: _Toc474164749][bookmark: _Toc474181848][bookmark: _Toc474181885]Derive the time frequency allocation for the recovery signal transmission from the MRS transmission from the serving TRP.
[bookmark: _Toc474181849][bookmark: _Toc474181886]Design the details of the recovery signal in the WI phase

Conclusions
In this contribution we made the following observations:
1. Many NW-controlled beam management procedures are still not specified.
1. The TRP has great freedom to adjust its beam former to re-establish a lost connection.
1. To trigger beam recovery, the UE should be certain that the NW cannot reach it, no matter what actions the TRP takes.
[bookmark: _GoBack]Based on the discussion in this contribution we propose:

Proposal 1	Define beam recovery trigger mechanisms when the non-recovery beam management procedure has been specified.
Proposal 2	The criteria for when the UE declares beam failure and initiates the recovery procedure should be configured by the network.
Proposal 3	Derive the time frequency allocation for the recovery signal transmission from the MRS transmission from the serving TRP.
Proposal 4	Design the details of the recovery signal in the WI phase
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