3GPP TSG RAN WG2 Meeting #97    
                             R2-1701506
Athens, Greece, 13 - 17 February 2017
Agenda Item:

10.3.1.1.2
Source: 
Sony
Title:
Early Handover solutions (Update of R2-1700142)
Document for:
Discussion 
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].
A number of documents related to uplink measurements have been provided e.g. [8], [9], [10], [11], [12], [13], but were not discussed at last meeting. But at the meeting in Kaohsiung, RAN2#95bis, some agreements were made [14], [15]. 
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
Based on previous discussions and agreements, the basic principles for Network based NR Handover should reuse the same principles as for LTE. Though some concern has been view related to e.g. handover robustness. [[7]] 

In NR the discussions has started to also improve 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].

In LTE, 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, see figure 1.

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.
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 wouldf 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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