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1. Introduction 

In RAN1# 86b meeting, the following was agreed [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., RACH preamble sequence, DL/UL reference signal, control channel, etc.

· If needed, resource allocation for this mechanisms
· E.g., RACH resource corresponding mechanism, etc.


Beam management has been discussed to handle beamformed transmission in above-6 GHz, which is essential to provide a reliable communicaiton link between BS and UE. In this contribution, we discuss beam recovery which is essentially exceptional case handling for beam management.
2. Beam Mis-alignment
As indicated in [2], an unexpected beam mis-alignment between TRP and UE may happen due to sudden channel fluctuations, sudden blockage, UE rotation and so on. Since the signaling path between TRP and UE is lost in such cases, normal beam management procedure may not be applied to regain the communication link. Without special handling, it eventually leads to Radio Link Failure. L3 intervention is then needed, which results in long latency before recovery. As beam management is understood as a lower layer mechanism, it is sensible to recover the link by attempting re-aligning the beam in lower layer.
Before beam recovery, beam mis-alignment needs to be detected. Generically, DL and UL beam mis-alignment is detected in different ends:
· UL beam mis-alignment is detected by TRP

· DL beam mis-alignment is detected by UE

In the special case where beam correspondence exists at both BS and UE, the mis-alignment detected in one direction immediately indicates a similar situation of the other direction. Without loss of generality, beam mis-alignment can be divided into the following 4 cases.
Table 1 Summary of beam mis-alignment cases

	1. DL aligned

      UL aligned
	2. DL mis-aligned

      UL aligned

	3. DL aligned

      UL mis-aligned
	4. DL mis-aligned

      UL mis-aligned


3. Beam Recovery Use Cases
In the following, we discuss case 2/3/4 in Table 1. Case 1 is not addressed as it belongs to normal operation.
Case 2: mis-aligned DL + aligned UL
This case may happen when at most one of TRP and UE are using beam correspondence. With periodic DL beam sweeping assumption, UE is in the position to detect DL mis-alignment. The detection can be based on e.g., repeated data decoding error, relative/absolute threshold value for assessing the serving beam quality. Since UE usually does not control TRP beam used for transmission, UE should notify TRP of DL mis-alignment upon detection.
As UL is still aligned, it is possible that UL dedicated resources are configured for the UE. UE can utilize the dedicated resources e.g., UL control channel, to carry mis-alignment indication. Considering that DL path is not available, the indication should also notify TRP of candidate beam(s) that can be used to communicate with UE.
On the other hand, if there is no UL dedicated resources, it does not help to initiate legacy scheduling request as there is no available DL path for reliable reception. Contention-based transmission like RACH preamble is needed. To speed up beam recovery, dedicated RACH resources and/or dedicated preamble can be considered
Observation 1: When UL is still available during DL mis-alignment, contention based transmission like RACH preamble should be used as baseline for beam recovery. UE-specific RACH resources can speed up beam recovery latency.
Observation 2: When UL is still available during DL mis-alignment, UL dedicated resources can be used to carry mis-alignment indication to TRP. The indication should include candidate DL beams that can be used to reach UE.
Case 3: Mis-aligned UL + aligned DL
This case may happen when at most one of TRP and UE are using beam correspondence. Due to lack of full beam correspondence, it is sensible to assume UE is configured with periodic UL RS transmission for UL beam training purpose. Such periodic UL RS transmission can be configured for UE UL beam training, for TRP UL beam training or both. Alternatively, aperiodic UL reference signal transmission can be trigger via DL. Either way, TRP would eventually acquire enough information to re-select a proper UL beam pair and signalled it via DL.
Observation 3: When DL is still available during UL mis-alignment, TRP possesses enough information and signaling means for UL beam recovery.
Case 4: Mis-aligned UL + mis-aligned DL

This case may happen when at least one of TRP and UE are using beam correspondence. In this case, neither TRP nor UE possesses reliable means to communicate with the other end. For recovering beam alignment, RACH-like procedure can be used. To reduce the latency of beam re-alignment, dedicated resources specifically for such purpose can be configured. However, to guarantee successful beam recovery, such dedicated resources need to exist on a set of beamformers that provides cell coverage. Considering that all active UE could potentially needs this kind of dedicated resources, the overhead is too high from our view.
Observation 4: When both DL and UL are beam mis-aligned, RACH-like procedure can be reused for beam recovery.

Based on the discussion above, we think the only case that needs new consideration for beam recovery is the case when DL beam is mis-aligned while UL beam alignment is still available.

Proposal 1: Beam recovery should consider the case that DL is mis-aligned while UL is still available.
4.  Conclusion

In summary, based on the above discussion we have the following observations and proposals for NR beam management operation:
Observation 1: When UL is still available during DL mis-alignment, contention based transmission like RACH preamble should be used as baseline for beam recovery. UE-specific RACH resources can speed up beam recovery latency.
Observation 2: When UL is still available during DL mis-alignment, UL dedicated resources can be used to carry mis-alignment indication to TRP. The indication should include candidate DL beams that can be used to reach UE.

Observation 3: When DL is still available during UL mis-alignment, TRP possesses enough information and signaling means for UL beam recovery.
Observation 4: When both DL and UL are beam mis-aligned, RACH-like procedure can be reused for beam recovery.

Proposal 1: Beam recovery should consider the case that DL is mis-aligned while UL is still available.
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