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1   Introduction
The new SI for NR (FS_5G_newRAT) was agreed in RAN#71. New requirements about mobility are agreed in RAN [1] and SA1 [2]. In this paper, we address the possibility to meet the new requirements and existing drawbacks in the current LTE and LTE-A system. We conclude that for better user experience, it is desirable to consider a new mobility control scheme in NR.
2   Discussion
2.1   Mobility-related requirements
The mobility-related requirements for NR have already been agreed in the reports of RAN [1] and SA1 [2]. The requirements are mainly about the interruption duration and user experienced data rate. The mobility related requirements under discussion are: 
(1) Mobility interruption time for intra-system mobility should be 0ms [1];
(2) System capacity and bit rate requirements:

· Connection density should be 1 000 000 device/km2 in urban environment [1] and traffic volume in the hotspots at least the level of Tbps/km2 [2];
· user experienced data rate up to Gbps of level when moving slowly[2]; 
· guarantee data rate of 50Mbps in a high UE density and support user experienced data rate for mobile broadband services anytime and anywhere, e.g. 100Mbps [2];
(3) Outdoor mobility requirement in dense urban 30km/h in order to support vehicles also in dense city environments [1];
(4) The maximum mobility speed should be 500km/h [1];
2.2    Scenarios and shortcomings
Currently, the handover procedure in an LTE network includes the steps shown in the figure below.
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Figure 1: Intra-MME LTE handover procedure
Step 1 to 2: UE reports to inform the source eNB of better neighbour cells than PCell/PSCell;
Step 3 to 6: The source eNB decides about the handover and initiates the Handover Preparation procedure: it sends Handover Request to the target eNB and receives the response from the target eNB;
Step 7 to 8: The Handover Command is sent to the UE; meanwhile, the source eNB begins the data transfer to the target eNB;
Step 9 to 10: UE performs the DL synchronization and attempts the RACH to the target cell;
Step 11 to 18: The UE responds with the Handover Complete to the target cell and the path is updated. The whole handover procedure ends.
As described above, there are a significant number of over-the-air signalling transmissions to handle the mobility in LTE. Due to the unpredictable nature of the wireless link, more signalling transmissions reduce the handover reliability.

Interruption Time
Further, the data transmission will be interrupted from the time when the source eNB sends the Handover Command in step 7 until the target eNB starts data transmission. The typical service interruption time in LTE will last about ~45-50ms [3]. The interruption for the data transmission will be unavoidable because the UE is not connected to any cell during the handover execution so that it cannot be scheduled. 
Observation 1: According to current mobility control mechanism, it looks difficult to avoid service interruption time.
Dense Network Scenario
To meet the above system capacity and bit rate requirements in NR, the so-called dense network where a large number of small cells are deployed in the areas with a high UE density is considered to be an efficient approach. However, this will also increase the challenges for the mobility control. 
Firstly, due to the complicated interference environment in the overlaps or edges of small cells, the problems of the current handover procedure may increase as observed in [4] and [5]. For example, the evaluation in [4] found handover failure rates  in current HetNet deployment with an average of about 4%. Moreover, as shown in [6], LTE handover parameter optimization is insufficient to reduce handover failure rate in scenarios with medium-to-high small cell densities. 
Secondly, together with the frequent handovers in dense networks and the poor radio link quality in the cell edge, the data rate requirement of the user, e.g. 100Mbps, may not be achieved for the whole handover duration time, and make it hard to meet the required bit rates or capacity requirements.
Thirdly, under mobility in dense deployment areas, more frequent handovers between small cells will increase the signalling overhead compared to a less dense deployment as measurement reports and handover commands are being transmitted when passing through the large number of small cells.
Observation 2: The dense network can meet the system capacity and bit rate requirements (2) but will introduce new issues on handover signalling overhead and UE battery consumption, especially in view of the UE mobility requirement (3).

High Speed Mobility Scenario
According to the requirement (4) for high speed deployment scenario, it will support consistent user experience with the maximum mobility speed at 500km/h. At high speed, radio conditions become unstable which may bring more handover failures. Additionally, high speed means more frequent handovers which will further increases the signalling overhead and leads to higher probability of handover failures.

Handover failures may be caused by failure to transmit any handover related signalling, like measurement reports, handover commands and RACH transmissions. It is beneficial for high speed mobility support to decrease the number of signalling interactions between UE and eNB since a failure to receive one message is sufficient to cause handover failure. For example, even at medium speeds of 20m/s the handover failure rate can be as high as 20% in small cell deployments [6].

High Frequency Mobility Scenario
For NR system, carriers in high frequencies, e.g. up to 30GHz or even around 100GHz, will be considered. Due to fragile channel condition, the SINR of the cell in high frequency will drop quickly compared with legacy LTE band. Therefore, it will take too much time to perform the current handover mechanism and will not reflect the actual channel quality, which degrades quite quickly. This limitation may be translated in a higher handover failure rate for high frequency system than LTE [7].
Observation 3: Reducing the number of over-the-air signalling transmissions needed for handover can benefit the high speed scenario and the high frequency scenario.
2.3   Proposed guidelines
Looking at the observations of the previous section, it is clear that NR mobility has to offer the flexibility to address different performance measures, e.g. interruption time, power efficiency, compatibility with multiple serving TP solutions.  At the same time, it should be avoided to specify many different solutions, especially when verticals are considered that may combine the requirements of specific use cases.

Proposal 1: Study mobility handling solutions which can meet the required interruption time, minimize the involvement of the UE, avoid excessive signalling overhead and energy consumption for the UEs.
3   Conclusion
This contribution takes the mobility requirements of the NR as starting point to analyze the drawbacks of the current mobility control mechanism and presents new issues in the dense network scenario. The ongoing work to enhance handover in LTE is also discussed, with the following observations: 
Observation 1: According to current mobility control mechanism, it looks difficult to avoid service interruption time.

Observation 2: The dense network can meet the system capacity and bit rate requirements (2) but will introduce new issues on handover signalling overhead and UE battery consumption, especially in view of the UE mobility requirement (3).

Observation 3: Reducing the number of over-the-air signalling transmissions needed for handover can benefit the high speed scenario and the high frequency scenario.
As a result, it is proposed:
Proposal 1: Study mobility handling solutions which can meet the required interruption time, minimize the involvement of the UE, avoid excessive signalling overhead and energy consumption for the UEs.
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