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1. Introduction 
At RAN plenary #80 meeting a new working item “NR mobility enhancements” [1] was agreed with the following objectives
	The following objective are considered in this WI:

· To study solution(s) to reduce interruption time during HO/SCG change focusing on the following identified solutions but not limited. 
· Handover/SCG change with simultaneous connectivity with source cell and target cell. 
· Make-before-break 

· RACH-less handover 
· 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 

RAN2 should avoid increasing signalling overhead. 

Note: LTE mobility enhancements should be used for baseline for fast handover failure recovery, Make-before-break and RACH-less handover. 

· To specify the solutions and agreements agreed during the above study phase. [RAN2/RAN1/RAN3/RAN4]

Note: The following aspects should be considered in above objectives.
- Inter and intra frequency handover/SCG change
- Inter-CU, intra-CU/inter-DU and intra-DU handover/SCG change
- Synchronous and asynchronous deployments as assumed in Rel-15 NR

- UE capability on the number of Tx/Rx chains
- Low and high velocity
- FR1 and FR2 frequencies

· 


In this paper we discuss the triggering of Early Handover Intra-NR Inter-Cell Handover under network control.
2. Discussion
In Rel-14, HO latency is improved by introducing RACH-less handover and Make-Before-Break (MBB) handover solutions. However, the RACH-less handover is only applicable when the TA can be reused in target cell. The Make-before-break is only applicable for the UE with dual Rx chain. 
In NR, only basic Handover has been introduced. Hence there is also a need for NR to enhance the handover procedure. A number of different options were suggested, some already proposed for LTE, such as “Make before break and RACH less Handover [Rel-14 Mobility Enhancements]. 
Other suggestions for NR are e.g. related to using Early HO command, that zero interruption time [3] is needed, and the usage of uplink measurements for mobility [4] .

The suggestions for NR will be handled in the new WID “NR mobility enhancements” [1]. 
In LTE (and so far in NR Rel-15), a UE in RRC CONNECTED state is generally configured with event based report triggering criteria. Measurements are configured to be done primarily based on Cell-specific Reference Signal (CRSs), transmitted all over the carrier frequency and in all subframes. Based on PCIs, the UE is able to derive the CRS of serving and neighbour cells. There is a one-to-one mapping between the PCI and CRSs. Once a triggering criterion has been met, the UE sends a measurement report to the Source eNB via RRC.
Further to LTE, at the last RAN2 meeting [2], only short time was spent to the ongoing work item, “ even further mobility enhancement in E-UTRAN” [5], and the only agreement was based on discussion on potential improvements to mobility robustness. 
Though the following agreements were made related to Handover Robustness.
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).

Proposal 1: Agreements from LTE mobility enhancements apply to NR mobility enhancement as well.

Due to measurement errors in bad radio channel conditions and due to the necessary filtering, the actual difference in signal strength may be worse than anticipated by the configured event threshold. A consequence of this is that many measurement reports are not fully accurate, and a subsequent handover decision, particularly if made by the UE alone, might not trigger the UE to handover to the most suitable cell.
Another aspect, perhaps more crucial that affects the handover robustness, is for the network to have enough preparation time to be able to perform a handover, e.g. in case the UE is moving at some speed, and/or the cell size is rather small, the need for a cell change may come rather quickly. 
2.1. NW controlled Early Handover (Conditional HO)
Based on above introduction, and agreements made for LTE, in some cases the use of Early Handover preparation seems a good way to enhance the handover robustness, and to improve and shorten the Handover execution time by performing much of the preparation earlier. However, allowing the UE to make a final decision about when to perform the handover, may be inefficient in terms of NW resource management and overall robustness.
In order to maintain NW control of the handover of the exact point in time, while allowing earlier handover preparation, the UE should be able to trigger several measurement reports or indications related to different event criteria.

In a robust network, the UE should always use the best cell, even if the serving cell is good enough, (including some offset). As soon as the UE finds a neighbour cell that is offset better than the serving cell, an initial measurement event e.g. A3 is triggered for the network to start preparing for a potential handover. The first offset would allow the initial measurement report and handover preparation to occur in advance of the need to perform the actual handover. Rather than the UE autonomously “reselecting” to the target cell, a second offset for the same event could be the trigger point of for the (short) report then NW can trigger the actual handover with a (short) handover activation command, Figure 2.
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Figure 2. Early handover with dual triggers
Proposal 2: Discuss the usage of dual measurement events to first initiate handover preparation and subsequently activate the handover. 

3. Conclusion
Proposal 1: Agreements from LTE mobility enhancements apply to NR mobility enhancement as well.

Proposal 2: Discuss the usage of dual measurement events to first initiate handover preparation and subsequently activate the handover. 
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