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1. Introduction 
It is common understanding that the conditional handover (CHO) is a promising solution for improving the mobility robustness, at last in RAN2#104 meeting, the following agreements on the CHO were achieved in LTE_feMob WI [1]:
Agreements

1
RAN2 will consider a conditional handover: This is defined as UE having network configuration for initiating access to a target cell based on configured condition(s). 

2
Usage of conditional handover is decided by network. UE evaluates when the condition is valid.

=>
FFS on the exact details of the procedures
Agreements

1
Support configuration of one or more candidate cells for conditional handover.

=>
FFS how many candidate cells (UE and network impacts should be clarified).

In this contribution, we discuss the CHO in NR and differences between the CHO in LTE and NR.
2. Discussion
The basic handover (HO) procedure in NR reuses the same principle and procedures as in LTE [2]. So the problem in the mobility robustness in LTE HO can be the same in NR HO. Furthermore, in FR2, the handover failure (HOF) rate is higher than in FR1, because there could be a fast link quality degradation as observed in [3]. In RAN2#104 meeting, RAN2 agreed to consider the CHO for HO robustness improvements in LTE_feMob WI considering the CHO can reduce the HOF rate significantly. Therefore, we can also consider the CHO in NR for improving the mobility robustness.
Observation 1: the problem in the mobility robustness in NR is same or even more severe than in LTE. 

Observation 2: the CHO can reduce the HOF rate significantly.
Proposal 1: RAN2 is requested to consider the CHO in NR to improve the mobility robustness.

In principle, there is no big difference between the CHO in LTE and NR because the same principle and procedures are used. There are some considerations on the CHO in NR to account for NR peculiarities.
First, the target for the requirement on mobility interruption time (MIT) during an HO for NR is 0 ms. However, when an HOF occurs, the interruption increases tremendoulsy to more than hundreds ms. Therefore, in order to fulfill the requirement in as many scenarios as possible, we need to minimize the HOF rate as possible. In RAN2#104 meeting, how many candidate cells in the CHO was left FFS. It was observed in [4] that in the CHO, most of the benefits are achieved even with a single allowed target cell and allowing more target cells leads to additional but moderate gains. In order to minimize the HOF rate in NR, the support of multiple candidate cells in the CHO can be a mandatory feature. In our companion paper [5], we discuss on the number of prepared cells in the CHO in detail.
Observation 3: the support of multiple candidate cells in the CHO can lead to additional gain than with a single allowed target cell.

Proposal 2: RAN2 is requested to consider the support of the multiple candidate cells in the CHO is the mandatory feature in NR.

Next, the peculiarity in NR is the beam management procedure. Unlike in LTE, the UE and the gNB can use a beam measurements to align their transmission/reception beams for user data, signalling exchange, and even in the random access procedure. It was observed in [6] that best beams of target cell may change from the time the target receives the HO preparation to the time the UE performs HO execution and therefore may potentially lead to an HO failure. Hence, RAN2 agreed a RACH fallback mechanism. Furthermore, this outdated beam-related information problem is more severe in the CHO because the time between the HO preparation and the HO execution can be quite long. If the UE reports the latest beam measurements upon the HO execution, this can be more helpful to an efficient and reliable RA procedure and a faster beam alignment.

In [104#61][LTE/feMOB] email discussion, some companies prefer an explicit indication (either from the target eNB or from the UE) to trigger the data forwarding than an implicit way in Rel-14 MBB [7]. In our companion paper [8], we discuss on the explicit indication from the UE (i.e., Uu HO execution indication) and why it is the best option in detail. Also, upon the HO execution (e.g., a condition in the CHO is met), the UE can report the latest beam measurements via Uu HO execution indication to the source gNB. The source gNB can forward the latest beam measurements to the target gNB.
Observation 4: the outdated beam-related information problem is more severe in the CHO because the time between the HO preparation and the HO execution can be quite long.

Proposal 3: RAN2 is requested to discuss that the UE reports the latest beam measurements via Uu HO execution indication to the source gNB upon the HO execution.

In mMTC scenario, the mobility is not an important requirement, but rather measurement and HO signalling can increase the power consumption and the cost of mMTC device and can complicate the HO procedure. Therefore, a simplified HO procedure is needed where there is no dedicated signalling for measurement report and HO control and UE-based mobility is used. In the CHO, we can set an HO execution event as lower than an HO preparation event. Then, if UE-based mobility is used, an mMTC device can execute an HO before an RLF occurs without any measurement report and HO control [9].
Observation 5: In mMTC scenario, a simplified HO procedure is needed where there is no dedicated signalling for measurement report and HO control.
Proposal 4: RAN2 is requested to discuss whether an HO execution event can be set as lower than an HO preparation event to simplify the mMTC HO procedure.
3. Conclusion
Observation 1: the problem in the mobility robustness in NR is same or even more severe than in LTE. 

Observation 2: the CHO can reduce the HOF rate significantly.
Observation 3: the support of multiple candidate cells in the CHO can lead to additional gain than with a single allowed target cell.

Observation 4: the outdated beam-related information problem is more severe in the CHO because the time between the HO preparation and the HO execution can be quite long.

Observation 5: In mMTC scenario, a simplified HO procedure is needed where there is no dedicated signalling for measurement report and HO control.
Based on the discussion in Section 2, we propose the following:

Proposal 1: RAN2 is requested to consider the CHO in NR to improve the mobility robustness.

Proposal 2: RAN2 is requested to consider the support of the multiple candidate cells in the CHO is the mandatory feature in NR.

Proposal 3: RAN2 is requested to discuss that the UE reports the latest beam measurements via Uu HO execution indication to the source gNB upon the HO execution.

Proposal 4: RAN2 is requested to discuss whether an HO execution event can be set as lower than an HO preparation event to simplify the mMTC HO procedure.
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