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


To improve mobility robustness, there are two general aspects:
(1) Improve mechanisms to reduce handover failures;
(2) Improve recovery mechanisms when a mobility failure occurs;
To reduce handover failure occurrences, the network may consider conditional handover (CHO), which RAN2 agreed to support for LTE and to study for NR. In this paper, we discuss another aspects, i.e. improving recovery mechanisms when a mobility failure occurs.
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Mobility failures in network-controlled handover
Mobility is considered failed in the following cases:
(1) RLF occurs (T310 expiry): This usually means that the UE has sent a measurement report but fails to receive handover command from serving eNB.
(2) Handover failure (T304 expiry): This means a handover command has been received (T304 started) but the UE fails to access the target eNB.
In LTE, mobility failure can be recovered by RRC Connection Reestablishment procedure. In addition, fast RLF declaration based on T312 timer allows UE to start recovery procedure before T310 timer expires, and thus reduces interruption time. Even though the overall interruption time is still long, these mechanisms work well in LTE system in which mobility failure is less frequent. In NR, however, more frequent mobility failure is expected, especially in high frequency operation scenario. Thus, improved mobility failure recovery is needed for NR, and the goal is to shorten service interruption time.
Proposal 1:	Study improved mobility failure recovery mechanism for NR. The goal is to shorten service interruption caused by the recovery procedure.
Possible improvements include:
(1) Accelerated RRC Reestablishment: signalling optimizations, UE context fetch enhancement
(2) Conditional handover for mobility failure recovery.
Accelerated RRC reestablishment with early context transfer
While mobility failure can be recovered by RRC reestablishment, the major concern is long service interruption, which is mainly caused by signalling exchange (request and response) and UE context fetch (from source gNB to target gNB). To accelerate RRC reestablishment procedure, the UE context may be transferred to potential target cells before RRC reestablishment is requested. The idea can be explained with two examples below.
In Figure 1, we consider mobility failure due to UE not receiving handover command.


Figure 1. Mobility failure: fail to receive handover command
In the scenario illustrated in Figure 1:
· t1: UE is served by gNB1 (source gNB).
· t2: UE detects gNB2 and gNB3. The preconfigure measurement event for early context transfer is triggered and UE reports gNB2 and gNB3. The source gNB transfers UE context to gNB2 and gNB3, and sends an indication to UE. Notice that the indication does not contain any RRC configuration of gNB2 and gNB3.
· t3: UE reports gNB3 for normal handover event (say, Event A3).
· t4: UE expects to receive handover command (reconfigurationWithSync) from gNB3, but UE experiences sudden channel degradation (e.g., due to blockage) and never receives the command, and thus never indicated to handover to gNB3.
· t5: T310 expires, and UE declares RLF to gNB1 and then initiates RRC reestablishment to gNB2. UE Context fetch is not needed and faster recovery from mobility failure can be achieved.
In Figure 2, we consider mobility failure due to UE failing to access target gNB indicated by handover command.



Figure 2. Mobility failure: fail to connect to target cell
In the scenario illustrated in Figure 2:
· t1: UE is served by gNB1 (source gNB).
· t2: UE detects gNB2 and gNB3; the preconfigure measurement event for early context transfer is triggered and UE reports gNB2 and gNB3. The source gNB transfers UE context to gNB2 and gNB3, and sends an indication to UE. Notice that the indication does not contain any RRC configuration of gNB2 and gNB3.
· t3: UE reports gNB2 for normal handover event (say, Event A3).
· t4: UE receive handover command from gNB1, indicating handover to gNB2. However, UE fails to access gNB2 due to blockage.
· t5: T304 expires and UE gives up access to gNB2. Based on early indication, UE knows initiates RRC reestablishment to gNB3. UE Context fetch is not needed and faster recovery from mobility failure can be achieved.
From the two examples above, we observe that the network can transfer UE context to potential target cells and reduce the interruption time in RRC reestablishment due to UE context fetch. The cost is Xn signaling overhead due to UE context transfer to potential cells even most of them are eventually not chosen as target cell.
Proposal 2:	Support RRC reestablishment with early context transfer. In this way, RRC reestablishment can be accelerated since no context fetch is needed after RRC reestablishment request.
The message flow for this method is illustrated in the Figure 3, considering the case of unsuccessful handover command delivery.


Figure 3. Accelerated RRC Reestablishment with early context transfer
Conditional handover for mobility failure recovery
Another method for mobility failure recovery with even shorter interruption time is to let conditional handover (CHO) serve as a failure recovery mechanism for legacy network-triggered handover. The network may prefer that most handovers are triggered by normal handover command, and CHO is executed only when mobility is about the fail. This can be achieved by configuring legacy measurement events for normal handover, and let conditional handover be triggered only when serving cell quality falls below a threshold. Again we explain the idea with illustrations in Figure 1 and Figure 2.
In the scenario illustrated in Figure 1, where mobility failure results from unsuccessful handover command delivery:
· t1: UE is served by gNB1 (source gNB).
· t2: UE detects gNB2 and gNB3. The preconfigure measurement event (say, event Ax) for conditional handover is triggered and UE reports gNB2 and gNB3. Network prepares gNB2 and gNB3, and configures gNB2 and gNB3 as candidates for CHO. The conditions are set so that CHO is executed upon expiry of T310/T312 or T304.
· t3: UE reports gNB3 for normal handover event (say, Event A3).
· t4: UE expects to receive handover command (reconfigurationWithSync) from gNB1, but UE experiences sudden channel degradation (due to e.g., blockage) and never receives the command, and thus not indicated to handover to gNB3.
· t5: T310/T312 expires and UE declares RLF to gNB1. Instead of triggering RRC reestablishment, the UE initiates CHO to gNB2. The method leads to faster recovery from mobility failure.
In the scenario illustrated in Figure 2, where mobility failure results from unsuccessful access to target cell:
· t1: UE is served by gNB1 (source gNB).
· t2: UE detects gNB2 and gNB3. The preconfigure measurement event (say, event Ax) for conditional handover is triggered and UE reports gNB2 and gNB3. Network prepares gNB2 and gNB3, and configures gNB2 and gNB3 as candidates for CHO. The conditions are set so that CHO is executed upon T310/T312 or T304 expiry.
· t3: UE reports gNB2 for normal handover event (say, Event A3).
· t4: UE receive handover command from gNB1, indicating handover to gNB2. However, UE fails to access gNB2 due to blockage.
· t5: T304 expires and UE gives up access to gNB2. Based on early preparation, UE performs RACH and sends CHO indication to target gNB3. This avoids RRC reestablishment procedure and the interruption time is the same as legacy handover.
From the two examples above, we observe that if legacy network-based handover is considered as major mobility procedure, the CHO can be introduced as an early preparation method, and acts as a fast recovery mechanism for mobility failure in mobile communication systems suffering from fast channel variation, like NR. The cost, however, is increased signalling overhead due to preparation (RRC configuration) for multiple candidate cells.
Proposal 3:	Conditional handover can be considered as mobility failure recovery mechanism.
Proposal 4:	By setting the conditions as “T310/T312 or T304 expiry”, conditional handover can be configured together with normal handover for a UE, but executed only upon mobility failure.
The message flow for this method is illustrated in Figure 4, considering again the case of unsuccessful handover command delivery. In this case T304 is never configured since UE never receives HO command; the CHO is initiated by T310/T312 expiry.


Figure 4. Conditional handover for mobility failure recovery
Practical usage
In this paper, we propose two methods for mobility failure recovery. We believe that both can be supported in NR, and UE can choose the recovery method when normal handover fails, based on network configurations. For example, if a (fully-prepared) CHO candidate is available, UE can execute CHO towards that candidate for fastest recovery; otherwise, if an early-prepared cell (with UE context) is available, UE can perform reestablishment to that cell for a slightly longer but at least reliable recovery. Finally, if no candidates are available, UE can still apply legacy RRC reestablishment or connection setup.
Conclusion
It is proposed to discuss and decide on the following proposals:
Proposal 1:	Study improved mobility failure recovery mechanism for NR. The goal is to shorten service interruption caused by the recovery procedure.
Proposal 2:	Support RRC reestablishment with early context transfer. In this way, RRC reestablishment can be accelerated since no context fetch is needed after RRC reestablishment request.
Proposal 3:	Conditional handover can be considered as mobility failure recovery mechanism.
Proposal 4:	By setting the conditions as “T310/T312 or T304 expiry”, conditional handover can be configured together with normal handover for a UE, but executed only upon mobility failure.
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