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1. Introduction
Following instruction from RAN#78 meeting, RAN2 discussed how the IMT-2020 requirement on 0ms handover interruption can be met for NR in Rel-15 and Rel-16. The true 0ms service interruption should be achieved in most common mobility scenarios for future communications. In addition, improving the HO reliability is another important goal for NR mobility enhancement especially under URLLC scenarios. There are many mobility enhancement schemes proposed by companies for NR to meet those requirements. To ensure the mobility enhancement in NR being completed efficiently, the standardization of the enhancement features should be prioritized. In this contribution, we provide our view on how to proceed the RAN2 work on mobility enhancement in Rel-15 (if time allows) and Rel-16.
2. Discussion
2.1 Solutions for Meeting the 0ms service interruption requirement of IMT 2020
IMT 2020 requirement on 0ms service interruption time is based on the ITU vision on the needs of future communication applications. The ITU-R definition of 0ms interruption and the minimum requirement are [1]:

Mobility interruption time is the shortest time duration supported by the system during which a user terminal cannot exchange user plane packets with any base station during transitions.
The minimum requirement for mobility interruption time is 0 ms.
In 36.881[2], demonstrated by Figure 5.2.2-1, the service interruption time in handover (i.e. the handover interruption) is defined as the duration between the time when UE stops (data) transmission/reception with the source eNB and the time when the target eNB resumes (data) transmission/reception with the UE. It is consistent with the ITU-R definition.
To ensure the user experience and device time-critical applications in future communications, the IMT2020 requirement of 0ms service interruption should be met by NR in most mobility scenarios.

Based on the analysis in [3], the existing LTE MBB even with RACH-less cannot achieve true 0ms interruption for all the intra-site inter-frequency, inter-site intra-frequency or inter-site inter-frequency mobility cases due to RF retuning, sending handover complete message, etc. For NR, RAN2 #101 meeting identified very limited corner cases where 0ms interruption can be achieved [4]. To achieve 0ms interruption in NR for normal mobility scenarios, we still need further enhancements for inter-cell handover. Given the reliability issues inherited from the existing LTE MBB approach, it is not worth to add patches on it for service interruption reduction. Alternative simpler and better solution should be adopted for NR.
Fundamentally only when simultaneous data transmitting/receiving is allowed between the UE and both source and target cells during the HO, 0ms interruption is achieved. This requires two protocol stacks associated with the source and the target cells are enabled at the UE. Therefore, DC based HO is the ultimate solution [5]. There are several companies proposed different enhancement schemes with dual protocol stacks enabled in the UE, they are in fact the DC based HO of different DC structure variations. For NR, we can simply adopt the DC architecture already determined by LTE [5].
Observation 1: DC based HO enhancement can achieve 0ms service interruption for all practical deployments and meet the IMT2020 requirement.
2.2 Develop the NR solution ASAP for normal mobility scenarios
In current NR there is lack of mechanism to support 0ms interruption for inter-cell mobility (HO). In RAN2 #101 meeting, the following agreements for NR are reached [4]:

3
For NR the 0ms interruption at mobility is possible:

i
intra-cell using beam mobility

ii
For CA operation, addition and release of SCell in response to mobility. No change to PCell.

iii
Further cases might be added depending on progress within the NR WI by the end of Rel-15

The only tiny corner case of intra-gNB multi-carrier inter-cell mobility is possibly supported by CA based mobility with Scell addition/release. Even for CA case, actually PCell change instead of SCell addition/release is the target scenario for the definition of 0ms service interruption time in TS 36.881. However with current mechanism the PCell change cannot meet 0ms HO interruption because it is performed via RRC reconfiguration with sync. To enable NR practically meeting the 0ms interruption requirement in normal mobility scenarios (the typical mobility scenarios is inter-gNB handover), DC based HO work should be started as soon as possible for not only intra-gNB but also inter-gNB case.
RAN2#97bis meeting has agreed that handover with and without PDCP entity re-establishment is supported, and security key change can be avoided at handover procedure, at least for the case of mobility where the PDCP anchor is not changed.
In light of this RAN2 agreement of supporting handover without PDCP entity re-establishment, a normal HO can be separated into two  HO steps – L2 reset/reestablishment without PDCP anchor change (adopted in RAN2 #97bis) and PDCP anchor change without L2 reset/reestablishment (the Pcell role change) which require moderate new CP standards work in NR. NR-NR DC is essential for the complete NR solutions. Its standardization work in UP should be started as soon as possible (before the end of Rel-15 if time allows) and developed in parallel to the CP work. After NR-NR DC is ready, together with the above two HO steps, DC based HO is naturally realized.
Figure 1 demonstrates the typical steps and process of DC based HO. The step 1: SgNB addition is DC combined with L2 reset/reestablishment without PDCP anchor change. The step 2: Role change is DC combined with PDCP anchor change without L2 reset/reestablishment. The step 3 is basically equivalent to the step 1.
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Figure 1. The typical steps and process of DC based HO
Observation 2: In order to enable DC based HO earlier, the PCell role change can be developed in parallel with NR-NR DC. It is beneficial to start DC based mobility work in Rel-15 if time allows.
2.3 Improve the mobility reliability in NR
The basic HO procedures with beam selection have already been specified for Rel-15. However, not only it does not support 0ms interruption, but also it is not reliable. For low mobility UEs, ping-ponging can often occurs when the UE moves across or along the coverage border areas. This can lead to increased HO failure rate. For high mobility/speed UEs, the connection with the source cell can be degraded quickly. The drop of source link before HO process is completed can also lead to HO failure. 

Several companies propose CHO to reduce the HO failure rate by early conducting most of HO procedures before the connection with the source cell degraded. However, the last step of UE determined HO execution introduces other un-reliable issues such as the unreliable early measurement can cause false CHO request, the UE autonomous activity can compromise the network controllability. It is also not suitable for slow UEs moving along the border area under ping-ponging conditions. CHO does not address the HO service interruption issue and cannot meet 0ms interruption requirement.
Another mobility enhancement proposal on the table is RACH-less HO. It has limited scope of HO latency reduction by minimizing the time required for HO access.
While DC based HO with role change between the MgNB and the SgNB can achieve 0ms interruption in both inter-frequency and intra-frequency scenarios. In addition, both inter-frequency and Intra-frequency DC based HO is especially beneficial for the slow moving UEs which stay in the coverage border area for longer time. In conventional system, when a UE at the coverage border area ping-ponging often occurs which can significantly increase the signalling overhead, reduce the time-of-stay with a cell and cause service interruption. With DC based HO approach, the radio fluctuation at the border areas for stationary/slow UEs most likely will only lead to data volume changes on the connections with the two cells (legs) rather than ping-ponging.
For fast moving UEs, mobility pre-preparation can also be conducted for DC based HO. More than one potential target cells can be pre-configured (added) as the PScells for DC based HO. The final HO execution can be decided by not only the source cell but also the target cell(s) based on the UL measurement on the UE. Therefore, DC based HO can improve the HO reliability for both low speed and high speed UEs.
Observation 3: Among different mobility enhancements, only DC based mobility can achieve both 0ms interruption and improved mobility reliability at the same time. 
Inter frequency DC has already been adopted in LTE. Without the interference issue, inter-frequency DC based HO can be easily developed first. In NR, multiple BWPs are allowed. Inter-frequency DC can also be enabled across different BWPs.
Considering real network deployment, there can be only one carrier in the coverage area supporting the coverage continuity over multiple cells. Due to mobility, the UE may switch from the source cell to the target cell within the same carrier frequency. Therefore, intra-frequency handover mechanism is essential. For intra-frequency scenario, the solution can be same as the solution in inter-frequency scenario no matter how many RF chains the UE has. RAN1 and RAN4 endorsed the feasibility of the intra-frequency DC based mobility [7][8]. With mature co-channel interference mitigation techniques, intra-frequency DC based HO can be realized in not only low frequency range but also high frequency range [9].  
Observation 4: Reliable DC based HO can be developed for both inter-frequency and intra-frequency scenarios.

2.4 Improve throughput during handover in NR
In LTE Rel-13, HO without SeNB change is standardized to maintain UE throughput during handover. In NR, the same requirement is still here, and may be more important, considering of large throughput provided by mmW secondary node [6]. Fundamentally, this is achieved by maintaining the connectivity(s) during the HO -- can be achieved by DC/MC based mobility with properly designed procedures which are optimized for corresponding deployment scenarios.
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Figure 2: Typical scenario for Inter-MgNB handover without SgNB change

Observation 5: DC/MC based mobility allows continued data service during HO with improved data throughput.
2.5 More efficient standardization approach for mobility enhancement 
Currently other mobility enhancement proposals on the table include CHO, RACH-less access, etc., which suggest changes on top of basic HO procedures. Since DC based HO procedures are different from basic HO, if the enhancement is done before DC based HO is developed, the same process have to be done again with DC based HO. It is more efficient to complete the DC based HO first then integrate other enhancement together. Some of  the enhancement issues with basic HO may be eliminated by DC based HO. The merits of CHO come from the early conducting of the majority of the HO procedures. But the last step of CHO that HO execution is decided by the UE introduces many issues. The HO preparation can also be employed to DC based HO. The spirit of CHO can be used to further enhance the DC based HO after it is stabilized, while UE self-decision may be avoided with DC based HO.
Observation 6: It is more efficient and suitable to develop the DC based HO first, then integrate other enhancements on top of it.
3. Conclusion
In this contribution, we discuss the further mobility enhancement to be conducted. Based on the above analysis, we have following observations and proposals:
Observation 1: DC based HO enhancement can achieve 0ms service interruption for all practical deployments and meet the IMT2020 requirement.
Observation 2: In order to enable DC based HO earlier, the PCell role change can be developed in parallel with NR-NR DC. It is beneficial to start DC based mobility work in Rel-15 if time available.

Observation 3: Among different mobility enhancements, only DC based mobility can achieve both 0ms interruption and improved mobility reliability at the same time.
Observation 4: Reliable DC based HO can be developed for both inter-frequency and intra-frequency scenarios.
Observation 5: DC/MC based mobility allows continued data service during HO with improved data throughput.
Observation 6: It is more efficient and suitable to develop the DC based HO first, then integrate other mobility enhancements on top of it.

Proposal: It is proposed to
· Develop and specify DC based HO as the core technique of mobility enhancement;
· Integrate other mobility enhancement features with DC based HO after it is completed.
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