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1. Introduction 
Mobility performance is one of the most important aspects for wireless communications. There are already several completed or ongoing SI/WIs to improve the mobility of LTE system, but we still need to make improvements with regard to the mobility robustness and the mobility interruption time. Moreover, mobility performance requirements of NR are even tighter than those of LTE and listed as follows [1].
· Mobility interruption time: The target for mobility interruption time should be 0ms.
· Reliability: A general URLLC reliability requirement for one transmission of a packet is 1-10-5 for 32 bytes with a user plane latency of 1ms.
· Mobility: The target for mobility target should be 500 km/h.
In this contribution, we suggest design principles of the handover for NR in order to fulfil mobility performance KPI requirements of NR. Next, we discuss network controlled handover and UE controlled handover and propose hybrid controlled handover for NR that can be a great help to the mobility robustness and the mobility interruption time at the same time.
2. Discussion
2.1. Design principles of the handover for NR

In the “Study on Scenarios and Requirements for Next Generation Access Technologies” in TSG RAN, five typical deployment scenarios, i.e., indoor hotspot, dense urban, rural, urban macro and high speed, and additional deployment scenarios related to long distance, mMTC, V2X, highway, air-to-ground communication, and satellite extension are agreed [1]. We should attempt at developing a comprehensive mobility management framework for NextGen system that is adaptive, flexible and intelligent, to cater for the disparate NextGen mobility requirements and deployment scenarios [2], [3].
Proposal 1: RAN2 is kindly requested to attempt at developing a comprehensive mobility management framework for NR that is adaptive, flexible and intelligent, to cater for the disparate NextGen mobility requirements and deployment scenarios.
Mobility interruption time KPI

For NR, the target for mobility interruption time is 0 ms for intra-system mobility [1]. In current LTE handover, the UE resets MAC and reestablishes PDCP upon receiving the handover command and thus communication with the source eNB is stopped. The data disruption will happen until the UE receives the first packet from the target eNB [4]. In Rel-14 “Further mobility enhancements in LTE” WI, some solutions are proposed which support 0 ms mobility interruption time. In make-before-break handover, with category D, i.e., simultaneous Tx of PRACH/PUSCH/PUCCH/SRS to another intra-frequency cell and simultaneous Rx of PDSCH/PDCCH from another intra-frequency cell, the handover interruption can be reduced to zero at the expense of increased UE and network complexity [5]. With category B, i.e., no simultaneous Tx but need simultaneous Rx of PSS/SSS/CRS from another intra-frequency cell, and with RACH-less feature, the time points of the handover in the UE, the source eNB, and the target eNB can be synchronized and the handover interruption can be reduced to zero in some cases [4], [6].

Observation 1: In LTE handover, the service interruption during handover happens because the UE disconnects the connection with the source eNB upon receiving the handover command.

Proposal 2: RAN2 is kindly requested to design a handover mechanism for NR to support make-before-break handover in order to fulfil the mobility interruption time KPI requirement of NR.
Mobility KPI

For NR, the target for mobility target is 500 km/h and the UE speed up to 1000 km/h is assumed in air-to-ground scenario [1]. Current LTE handover mechanism inherently has a handover failure probability somewhat or a lot depending on the UE speed and the size of handover region. The handover failure rate in LTE handover is proportional to the UE speed and inversely proportional to the size of handover region as we already know [6]. Therefore, a handover mechanism for NR should support less handover failures regardless of the UE speed.

Observation 2: The handover failure rate in LTE handover is proportional to the UE speed and inversely proportional to the size of handover region.
Proposal 3: RAN2 is kindly requested to design a handover mechanism for NR to support less handover failures regardless of the UE speed in order to fulfil the mobility KPI requirement of NR.

Reliability KPI

For NR, a general URLLC reliability requirement is 1-10-5 with latency of 1 ms and for eV2X reliability requirement is 1-10-5 with latency of 2 ms when the packet is relayed vis BS [1]. Handover failure and radio link failure additionally contribute to latency of URLLC or eV2X messages and this latency exceeds the reliability KPI requirement [7], [8]. The mobility procedure for URLLC or eV2X should support high robustness to avoid frequent service interruption or packet loss.

Observation 3: Handover failure and radio link failure additionally contribute to latency of URLLC or eV2X messages and this latency exceeds the reliability KPI requirement.
Proposal 4: RAN2 is kindly requested to design a handover mechanism for NR to support little or no handover failure in order to fulfil the reliability KPI requirement of NR.

Trade-off
In current LTE handover mechanism, there is a well-known trade-off between an aggressive handover parameter use to decrease the handover failure rate and the amount of ping-pongs [6], [9]. If the handover threshold to small cells is set such that UE stays longer in small cells, the handover failure and ping-pong from a small cell to a macro cell is increased. Therefore, user experienced data rate KPI in dense urban scenario is challenging due to the increased handover failures and ping-pongs.
Observation 4: In current LTE handover mechanism, there is a trade-off between an aggressive handover parameter use to decrease the handover failure rate and the amount of ping-pongs.
Proposal 5: RAN2 is kindly requested to design a handover mechanism for NR which has no trade-off between the handover failure rate and ping-pong rate.

2.2. Network controlled handover vs. UE controlled handover

For the handover procedure in CONNECTED state in NR, some options are proposed in RAN2#94 meeting.

· network controlled handover as in LTE [10], [11]

· Observations and proposals excerpted from [10]

· Network knows additional radio resource, e.g. new frequency/carrier which could be target for UE to handover to. However UE does not know this due to power efficiency requirement.
· Network knows load situation at both radio interface and transport network which helps to make appropriate handover decision.

· 
Network can prepare ahead of HO which could lead to better performance.
· 
Proposal: The handover procedure for active mode mobility in NR should be network controlled.

· UE controlled handover [11], [12]
· Observations and proposals excerpted from [11]

· The motivation for supporting such mobility is massive MTC use cases and cases where small volumes of data are exchanged and uninterrupted HO is not a requirement; therefore signalling and network processing associated with handover can be avoided. 
· UE-based mobility may also be beneficial for support of longer C-eDRX values (much longer than in LTE today), because there would be no need for tight coordination between handover-signalling and UE’s C-eDRX pattern. 
· Furthermore, UE-driven mobility in connected mode is helpful in the case of beams, to improve on the mobility handling for high data rate services as traditional HO procedure may not be fast enough. 
· Proposal: RAN2 to consider introducing UE-based mobility in RRC Connected mode as part of Standalone NR RAN-based Mobility framework.
· Observations and proposals excerpted from [12]

· We think the problem of mobility management upon ultra-dense small cell deployment shall be addressed in NR. 

· Option 3 UE-based mobility management:

· When UE is in RRC Connected state, it automatically associates with the serving cell based on its decision, consequently NW will detect the association and then deal with the path switching between source cell and target cell.

· Similar to option 2, the signalling overhead can be eliminated. However, HO interruption time might be increased and how to achieve appropriate cell offloading is FFS.

· Proposal: How to prevent excessive mobility overhead and HO failure under ultra-dense small cell deployment shall be considered.
· hybrid controlled handover [12], [13]

· Observations and proposals excerpted from [12]

· We think the problem of mobility management upon ultra-dense small cell deployment shall be addressed in NR. 

· Option 4 reuse the “mobility set” idea from LWA works:

· The network configures the mobility set to UE and then UE-based mobility management is applied when UE moving within the set.

· While UE moving across the mobility set, the NW-based mobility management (i.e. HO process) would be initiated accordingly.

· Option 4 seems to be a hybrid operation of NW-based mobility management and UE-based mobility management wherein NW could configure the mobility set appropriately and dynamically to alleviate the overhead.
· Proposal: How to prevent excessive mobility overhead and HO failure under ultra-dense small cell deployment shall be considered.
· Observations and proposals excerpted from [13]

· The partial UE-centric mobility means that the MCG is selected by eNB while SCG (NR) is selected by UE within SCG mobility set configured by eNB. 

· The signalling overhead can be reduced by partial UE-centric mobility in tight interworking.
· The interruption of SCG transmission/reception due to SCG change can be reduced by partial UE-centric mobility in tight interworking.

· If partial UE-centric mobility is used for NR-LTE interworking, the legacy eNB doesn’t need to understand NR-specific signalling.

· Proposal: RAN2 should study whether to support partial UE-centric mobility based on network configuration in NR-LTE interworking.

An excerpt from METIS Deliverable D4.3 [14]:
From the point of view of 5G system design it is important to check two handover design options: driven by UE or by network infrastructure. Performed analysis is based on LTE-A numbering for dense deployment scenarios and evaluation results are captured in Table 1. For the network controlled handover smaller interruption time is expected for active users and UE autonomous handover allows for a shorter handover reaction time, i.e., imply less handover failures due to long measurements and X2-like transmissions.

Table 1. Analysis of interruption time for UE autonomous and Network controlled handovers
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HO reaction time** 11.25ms
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* = impacted by long BSl reading time, ** = time between detection of channel degradation and
receiving a HO command/sending “Bye” message. Network HO impacted by long HO decision making
time, *** = equal to X2 latency




Observation 5: Network controlled handover leads to a smaller mobility interruption time and UE controlled handover allows less handover failures.
In the hybrid controlled handover, the network controls handover preparation and the UE controls handover execution [6]. As stated above, if we combine network controlled and UE controlled, then it can be a great help to the mobility interruption time and the mobility robustness at the same time. As in network controlled handover, the network can make appropriate handover decision and prepare ahead of handover which could lead to a smaller interruption time. As in UE controlled handover, the UE can react fast enough to channel degradation to reduce handover failures. However, the network can still control the handover of the UE because the UE selects the best target cell among candidate target cells decided by the network and the network can control the policy of the UE’s cell selection.
Observation 6: Hybrid controlled handover, combining network controlled handover and UE controlled handover, can be a great help to the mobility robustness and the mobility interruption time at the same time.
Proposal 6: RAN2 is kindly requested to study whether to support hybrid controlled handover for NR. 
3. Conclusion
Observation 1: In LTE handover, the service interruption during handover happens because the UE disconnects the connection with the source eNB upon receiving the handover command.

Observation 2: The handover failure rate in LTE handover is proportional to the UE speed and inversely proportional to the size of handover region.
Observation 3: Handover failure and radio link failure additionally contribute to latency of URLLC or eV2X messages and this latency exceeds the reliability KPI requirement.
Observation 4: In current LTE handover mechanism, there is a trade-off between an aggressive handover parameter use to decrease the handover failure rate and the amount of ping-pongs.
Observation 5: Network controlled handover leads to a smaller mobility interruption time and UE controlled handover allows less handover failures.

Observation 6: Hybrid controlled handover, combining network controlled handover and UE controlled handover, can be a great help to the mobility robustness and the mobility interruption time at the same time.
Proposal 1: RAN2 is kindly requested to attempt at developing a comprehensive mobility management framework for NR that is adaptive, flexible and intelligent, to cater for the disparate NextGen mobility requirements and deployment scenarios.
Proposal 2: RAN2 is kindly requested to design a handover mechanism for NR to support make-before-break handover in order to fulfil the mobility interruption time KPI requirement of NR.
Proposal 3: RAN2 is kindly requested to design a handover mechanism for NR to support less handover failures regardless of the UE speed in order to fulfil the mobility KPI requirement of NR.

Proposal 4: RAN2 is kindly requested to design a handover mechanism for NR to support little or no handover failure in order to fulfil the reliability KPI requirement of NR.

Proposal 5: RAN2 is kindly requested to design a handover mechanism for NR which has no trade-off between the handover failure rate and ping-pong rate.

Proposal 6: RAN2 is kindly requested to study whether to support hybrid controlled handover for NR. 
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