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The following objective has been approved for NR mobility enhancements [1].
	· Specify further enhancements to achieve following targets, [RAN2/3]
· reduce user data interruption during handover, which targets as close as possible to 0ms, i.e. relaxed requirements could be considered. 
· improve the robustness during handover,


Moreover, in RAN2#105 meeting, we made the following agreements about conditional handover (CHO) for handover robustness improvement in LTE.
	Agreements
1: The baseline operation for E-UTRAN Conditional HO procedure assumes HO command type of message contains HO triggering condition(s) and dedicated RRC configuration(s). UE accesses the prepared target when the relevant condition is met.
3: The baseline operation for E-UTRAN Conditional HO assumes the source eNB remains responsible for RRC until UE successfully sends RRC Connection Reconfiguration Complete message to target eNB. 
[bookmark: _GoBack]4: RAN2 assumes late packet forwarding (i.e. not done immediately when the CHO target cells become prepared) could be more suitable for E-UTRAN CHO when there are multiple candidate target cells. In case of single prepared candidate target cell, early packet forwarding could be considered as an option. Detailed decisions require RAN3 study.
5: RAN2 will inform the Conditional HO assumptions (including the baseline operation) to RAN3 via LS at RAN#105bis, requesting RAN3 to kindly work on the CHO scheme aspects matching their expertise (e.g. data forwarding).


Similar to LTE, CHO can be considered for mobility robustness improvement in NR. For NR operating in lower frequency range (FR1), evaluation for LTE may be applied and we expect that CHO will be supported as in LTE. In this contribution, we consider the major issues when applying CHO in higher frequency range (FR2). 
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Particular issues for CHO in HF
1.1.1  Candidate cell evaluation
Measurement events similar to those for normal handover can be defined for UE to report a potential candidate cell. For example, an A3-like event can be triggered when a neighbor cell has quality close to serving cell, but with a threshold lower than the normal A3 event. In FR1, the candidate cell quality can be derived by averaging the beams above some threshold. In FR2, however, due to fast channel variation and larger signal attenuation, we expect to see more complicated situations. Figure 1 illustrates a moving UE and its CHO candidates.


Figure 1. CHO candidate cells for a moving UE
A UE configured with CHO may face the following situations when operating in HF.
· Adding unusable candidate cell, as shown in Figure 1(a):
· At t1, UE is served by gNB1. At t2, UE detects gNB2 and gNB2 is configured as CHO candidate. At t3, gNB3 is configured as CHO candidate. At t4, UE executes conditional handover to gNB3.
· In this example, UE trajectory passes the outer part of coverage of a beam from gNB2, but UE does not move towards the cell center and eventually performs handover towards another cell (gNB3). This means the preparation of gNB2 is not used. 
· Although this may also happen in FR1, we expect more frequent occurrence in FR2, where gNB deployment density is higher and beams are narrower.
· Cancelling usable candidate cell, as shown in Figure 1(b):
· At t1, UE is served by gNB1. At t2, UE detects gNB2 and gNB2 is configured as CHO candidate. At t3, gNB3 is configured as CHO candidate and gNB2 is de-configured due to temporal blockage by a building. At t4, UE moves to another side of the building, and executes normal handover to gNB3; CHO is not possible since gNB3 has been de-configured as CHO candidate cell.
· This example describes a different scenario, in which a potential target cell for CHO is de-configured due to temporal blockage, but the UE does not really move away and eventually would execute handover to the de-configured CHO candidate.
· Again, this may also happen in FR1, but we expect more frequent occurrence in FR2, where HF signals experience more severe attenuation and blockage.
Observation 1:	When operating in HF, a UE configured with CHO may face the following situations more frequently: (1) adding unusable candidate cell, and (2) cancelling usable candidate cell.
1.1.2  Random access
As in normal handover, target cell may reserve RACH resources so as to allow UE to perform contention-free random access (CFRA). Conditional handover candidate cell can also do so, but in a beam-formed system, the best beam upon handover execution is likely to be different from that at the time of CHO candidate configuration. To allow CFRA on an unpredictable beam, a candidate cell may need to reserve RACH resources on all beams, or at least a set of beams. This brings some negative impacts, for example:
· waste of RACH resources as eventually only one beam is accessed;
· signaling overhead for configuration, since the network may need to indicate the RACH resource on each beam.
If CFRA fails, the UE may fall back to contention-based random access (CBRA). The major drawback is a longer interruption. 
Observation 2:	The best beam for RA toward a selected candidate cell upon CHO execution may be different from the one when CHO candidate was configured.

Solutions
1.1.3 Beam-related information
Based on the discussion above, we believe that beam-related information should be considered in CHO in HF.
· Beam-level information can help avoid adding unusable candidate cell. For example, the network may require a candidate cell to have not only the best beam above threshold, but also have at least a given number of beams above a threshold (i.e., ‘good’ beams). This can be included in the trigger condition of measurement event for CHO, or the network may request the UE to report beam-level measurements, and decide whether a reported cell should be configured as CHO candidate based on proprietary methods.
· Beam-level information can help RACH resource reservation. If beam-level measurements are reported, the candidate cell may reserve RACH resources for CFRA on several best beams. Upon CHO execution, there is a high probability that the best beam is one of the beams and then UE can perform CFRA. Although CFRA is still not guaranteed, this method reduces the possibility of CBRA, while keeping low RACH resource occupancy.
Proposal 1:	Beam-related information should be considered in CHO in HF, so as to help avoid adding useless candidate cells.
Proposal 2:	With beam-related information, RACH resources for CFRA may be reserved on several best beams. In this way, the network can reduces the interruption due to CBRA while keeping low RACH resource occupancy.
1.1.4 Validity timer for CHO candidates
According to RAN2 discussion (not yet concluded), the de-configuration of CHO candidates may be done by explicit RRC signaling or implicit validity timer. The problem of de-configured usable candidate cells due to temporal blockage can be resolved by handling validity with a timer. Instead explicitly de-configure a candidate when it falls below threshold, and candidate can be kept valid for a given duration. Then if the candidate cell recovers after temporal blockage, it can be used for CHO execution. The length of validity timer can be determined based on how long the candidate is willing to hold RACH resources for a UE.
Proposal 3:	The validity of CHO candidates in HF should be handled by a validity timer. In this way, the network can avoid de-configuring usable candidate cells due to temporal blockage.
Conclusion
We have the following observations:
Observation 1:	When operating in HF, a UE configured with CHO may face the following situations more frequently: (1) adding unusable candidate cell, and (2) cancelling usable candidate cell.
Observation 2:	The best beam for RA toward a selected candidate cell upon CHO execution may be different from the one when CHO candidate was configured.
It is proposed to discuss and decide on the following proposals:
Proposal 1:	Beam-related information should be considered in CHO in HF, so as to help avoid adding useless candidate cells.
Proposal 2:	With beam-related information, RACH resources for CFRA may be reserved on several best beams. In this way, the network can reduces the interruption due to CBRA while keeping low RACH resource occupancy.
Proposal 3:	The validity of CHO candidates in HF should be handled by a validity timer. In this way, the network can avoid de-configuring usable candidate cells due to temporal blockage.
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