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1. Introduction 
As indicated in TR38.913, the KPI on mobility is quite challenging [1], e.g. 0 ms interruption time. 
Not so much discussion has been done related to Early Handover, though mentioned in some papers, e.g. [7].
At RAN plenary #80 and #81 a new working item “Even further Mobility Enhancements in E-UTRAN” [17] was agreed and revised with the objectives: 

	The main objectives of this work item are to do the following enhancements:
· 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,
· Specify necessary core requirements for the identified solutions [RAN4]


In this paper we suggest to discuss Early Handover based mechanism for Intra-NR Inter-Cell Handover using temporary uplink measurements for multiple candidate gNB´s.
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
Though some concern has been view related to e.g. handover robustness [7]. This has not been addressed in Rel-15, but are not part of the Rel-16 study.

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 are 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 [4] is needed, and the usage of uplink measurements for mobility [5].

The suggestions for NR will be handled in the new WID “NR mobility enhancements” [18] will also be handled for LTE as per [17]. 

Due to measurement errors in bad radio conditions and due to the necessary filtering, the actual difference in signal strength may actual 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 might trigger the UE to not select the most suitable cell.
Another aspect, perhaps more relevant that might affect the handover robustness, is for the network to have enough preparation time to be able to perform a fast 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. 
Observation 1: DL measurements may not be fully accurate and may lead to a non-optimal handover decision.

Observation 2: DL measurements may not enable fast enough handover decision.
2.1. Uplink assisted Early Handover
Based on observation above, some use of Early Handover preparation seems a way forward to enhance the handover robustness.
A number of documents related to uplink measurements have been provided e.g. [8], [9], [10], [11], [12], [13], and at , RAN2#95bis, some agreements were made [14], [15]. 
At last meeting RAN2 meeting [18], only short time was spent and the only agreement was based on discussion on potential improvements to mobility robustness [19] . 

1 
Evaluate new solutions compared to LTE Re-15 mechanisms.
In the current procedure the eNB makes the handover decision based on downlink measurements from the UE. One way to improve the handover decision could be to configure the UE to start transmit uplink reference signal for the eNB to do uplink measurements on. The UE should not need to transmit this continuously, only after configuration by the eNB. This configuration could be in relation to an “Early Handover” command, initiating the Uplink reference signal. 

This means that the transmission of the UL reference signal would only be ongoing for a shorter time period, whilst normal downlink measurements are ongoing for the main part of time,. The trigger for the Source gNB would be the measurement report from the UE, based on downlink measurements which may be triggered by event A2 (serving becomes worse than a threshold), or A3 (neighbour cell becomes better than a threshold). Depending on network cell planning and configuration of measurements events, Event A2 could be configured to in most of the cases be triggered before a potential A3 event would be triggered, and hence give more time for the handover preparation.
Proposal 1: Discuss the usage of uplink measurement assisted mobility 
To enhance the uplink measurements, not only the Source gNB should do the measurements, but also a number of candidate Target gNB´s, could be configured to perform measurements The measurement result from the different Target gNB´s would then be evaluated by the Source gNB, and a proper handover decision can be made. Figure 1, Early HO with UL measurements
Proposal 2: Discuss uplink measurements evaluation including Source and candidate Target gNB´s.
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Figure 1, Early HO with UL measurements

3. Conclusion
Observation 1: DL measurements may not be fully accurate and may lead to a non-optimal handover decision.

Observation 2: DL measurements may not enable fast enough handover decision.

Proposal 1: Discuss the usage of uplink measurement assisted mobility 

Proposal 2: Discuss uplink measurements evaluation including Source and candidate Target gNB´s.
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