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1	Introduction
One of the objectives for the WI on enhanced mobility is to improve the HO robustness [1]. In this contribution, we describe how the link recovery functionality standardized in Release-15 can be used to improve the robustness of the handover. This is a revision of R1-1806221.
[bookmark: _Ref178064866]2	Discussion
In the WI on enhanced mobility for NR, one of the objectives is to study solutions to improve reliability and robustness:
Excerpt from [3]:
To study solution(s) to improve HO/SCG change reliability and robustness especially considering challenges in high/med frequency focusing on the following identified solutions but not limited. 
· Conditional handover 
· Fast handover failure recovery 


One of the identified topics is fast handover failure recovery. The term “fast” essentially means that the procedure should be faster and consume less resources than an RRC re-establishment, which follows a radio link failure.
As it turns out, RAN1 has already specified a recovery mechanism with exactly these properties: the link recovery mechanism ([2], section 6). Link recovery was designed to handle the case when the beams at the gNB and the UE become misaligned due to, e.g., UE movement or rotation. The UE will detect this situation by measuring on a reference signal, and if the UE estimates that the NW is no longer able to reach it, the UE will act to restore the connection with the NW. The UE will first find a new candidate beam by searching for a candidate beam reference signal. Once the UE has found the RS, it will send an UL signal using the candidate beam reference signal as timing reference. The situation is illustrated in Figure 1.
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[bookmark: _Ref513034635]Figure 1: Beam recovery. The UE loses the connection as it moves behind the house. During beam recovery, the UE can reconnect to the network using the reflection in the big building.
So far, it has been implicitly assumed that the UE is only allowed to reconnect to the same cell: the candidate reference signals all belong to the serving cell, as shown from the below excerpt from [4]:
BeamFailureRecoveryConfig ::= 		SEQUENCE {
	rootSequenceIndex-BFR				INTEGER (0..137)															OPTIONAL,	-- Need M
	rach-ConfigBFR						RACH-ConfigGeneric															OPTIONAL,	-- Need M
	rsrp-ThresholdSSB				RSRP-Range																	OPTIONAL,	-- Need M
	candidateBeamRSList					SEQUENCE (SIZE(1..maxNrofCandidateBeams)) OF PRACH-ResourceDedicatedBFR		OPTIONAL,	-- Need M
	ssb-perRACH-Occasion				ENUMERATED {oneEighth, oneFourth, oneHalf, one, two, four, eight, sixteen} 	OPTIONAL,	-- Need M
	ra-ssb-OccasionMaskIndex			INTEGER (0..15)																OPTIONAL, 	-- Need M
	recoverySearchSpaceId				SearchSpaceId																OPTIONAL,	-- Cond CF-BFR
	ra-Prioritization					RA-Prioritization															OPTIONAL,	-- Need R
	beamFailureRecoveryTimer			ENUMERATED {ms10, ms20, ms40, ms60, ms80, ms100, ms150, ms200}			OPTIONAL,	-- Need M
	...
}
PRACH-ResourceDedicatedBFR ::= 		CHOICE {
	ssb									BFR-SSB-Resource,
	csi-RS								BFR-CSIRS-Resource
}
BFR-SSB-Resource ::= 			SEQUENCE {
	ssb								SSB-Index,
	ra-PreambleIndex				INTEGER (0..63),
	...
}
BFR-CSIRS-Resource ::=			SEQUENCE {
	csi-RS							NZP-CSI-RS-ResourceId,
	ra-OccasionList					SEQUENCE (SIZE(1..maxRA-OccasionsPerCSIRS)) OF INTEGER (0..maxRA-Occasions-1)	OPTIONAL,	-- Need R
	ra-PreambleIndex				INTEGER (0..63)																	OPTIONAL,	-- Need R
	...
}

With this restriction, it is guaranteed that the UEs configuration is still valid, enabling the UE to directly continue the communication with the network.
However, the restriction that the UE is only allowed to connect to the same cell is somewhat artificial. There is nothing that prevents the network to configure the UE to recover in other cells as well. This situation is illustrated in Figure 2.
!
!
?
Cell A
Cell B
Cell B
Cell B
Cell A
Cell A

[bookmark: _Ref513034667]Figure 2: Beam recovery to another cell. After detecting beam failure, the UE accesses another cell.
For the multi-cell beam recovery described here, the UE cannot be allowed to perform cell reselection among all suitable cells: there is no guarantee that the UEs configuration is still valid in an arbitrary cell. It is also quite likely that the network has reused the C-RNTI of the UE in some of the neighbour cells.
However, for beam recovery there are already mechanisms standardized [2], which enable the network to control which reference signals the UE may use to identify a new candidate beam. As part of beam recovery, the UE is explicitly configured with a list of RS resources that the UE may use to identify new beams [4], either in BFR-SSB-Resource or BFR-CSIRS-Resource, as shown in the BeamfailureRecoveryConfig IE above. 
The current definition of BFR-SSB-Resource and BFR-CSIRS-Resource does not include any cell identity: both fields refer to reference signals in the serving cell. However, if BFR-SSB-Resource and BFR-CSIRS-Resource were extended to include fields to represent also a cell identity, the UE would search for candidate beams in the configured cells as well. If the UE finds that a suitable RS, which is transmitted from another cell, the UE would also be allowed to send the beam recovery request to that cell.
The addition to the standard is quite small. The only thing that needs to be added is to include a PCI in BFR-SSB-Resource and/or BFR-CSIRS-Resource. The network will configure the UE with a list of reference signals it may use to identify new beams. 
We also note that the failure detection in link recovery is faster than the corresponding procedure for RLM: the evaluation period is shorter, and there is no timer associated with the recovery: directly after a configurable number of OOS indications, the UE will perform recovery:
[bookmark: _Toc525886724]The link recovery procedure is significantly faster than the RRC re-establishment that follows after RLF.
Hence, we propose
[bookmark: _Toc513036230][bookmark: _Toc525886725]Include a PCI in the definition of BFR-SSB-Resource and/or BFR-CSIRS-Resource to allow the UE to perform the beam recovery in other cells.
With this procedure in place, UEs may be allowed to stop sending measurement reports, since the UE ensures that it is can be reached by the network. Of course, normal handover procedures perform better in terms of interrupt, but, e.g., for UEs in C-DRX, the performance achievable by multi-cell beam recovery is most probably sufficient. Obviously, this requires that the network can identify all the relevant neighbour cells.

Conclusion
In the previous sections we made the following observations: 
Observation 1	The link recovery procedure is significantly faster than the RRC re-establishment that follows after RLF.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Include a PCI in the definition of BFR-SSB-Resource and/or BFR-CSIRS-Resource to allow the UE to perform the beam recovery in other cells.
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