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1	Introduction
RAN#80 has agreed the “NR mobility enhancements” [1] with the following objectives:
	The following objective are considered in this WI:
· To study solution(s) to reduce interruption time during HO/SCG change focusing on the following identified solutions but not limited. 
· Handover/SCG change with simultaneous connectivity with source cell and target cell. 
· Make-before-break 
· RACH-less handover 
· To study solution(s) to improve HO/SCG change reliability and robustness especially considering challenges in high/med frequency focusing on the following identified solutions but not limited. 
· Conditional handover 
· Fast handover failure recovery 
RAN2 should avoid increasing signalling overhead. 
Note: LTE mobility enhancements should be used for baseline for fast handover failure recovery, Make-before-break and RACH-less handover. 
· To specify the solutions and agreements agreed during the above study phase. [RAN2/RAN1/RAN3/RAN4]
Note: The following aspects should be considered in above objectives.
- Inter and intra frequency handover/SCG change
- Inter-CU, intra-CU/inter-DU and intra-DU handover/SCG change
- Synchronous and asynchronous deployments as assumed in Rel-15 NR
- UE capability on the number of Tx/Rx chains
- Low and high velocity
- FR1 and FR2 frequencies



With this contribution we address the improvements of the robustness during handover or SCG change.
In the same RAN#80, a similar Work Item was approved for LTE [2], and the work for this has already started in October 2018 (i.e. RAN2#103bis). As a consequence, in this contribution we will focus on discussing the differences between LTE and NR with respect to mobility robustness.
2	Basics and definitions of robustness
In [3] we have discussed the basic terms applicable for LTE, but we assume that the basics are identical to LTE, and therefore do not repeat the discussion here.
For the sake of convenience, we copy the main conclusion from the explanations in [3]:
	RAN2 is asked to confirm that improving mobility robustness means reducing the number of RLFs and HoFs.
Main limitation on the ability to react on channel degradations are Layer 3 filtering and time to trigger (TTT).
Focus of enhanced mobility robustness shall be on intra-frequency handovers and on homogeneous scenarios.


[bookmark: _GoBack]
Additional challenges in NR are created by the beamforming aspect at higher and lower frequencies. As a result, it has to be studied whether solutions agreed in LTE require an extension for the beamforming aspect.
Observation 1: The basics of NR mobility are identical to those in LTE; additional challenges have to be resolved in NR due to the beamforming aspects.
3	Candidate solutions
In contrast to LTE, where mobility was already enhanced in multiple work items during the last years (as listed in [3]), similar enhancements do not exist in NR. Hence, for NR, we should not blindly adopt all LTE mobility robustness features, instead we should focus on the features with most promising performance.
3.1	Conditional Handover
For the LTE work item, conditional handover (CHO) [5] was agreed in RAN2#104 to be the most promising solution. The details of CHO are still being investigated. 
We believe that CHO is also a promising solution for NR. The LTE agreements shall be used as baseline for NR. Extensions will be needed to capture the NR beamforming aspects. In particular, fall-back to contention-based random access (CBRA) may happen frequently with CHO, since the prepared beam(s) may get outdated due to the early HO Command. Further enhancements of the solutions discussed in LTE may be considered.
Proposal 1: Conditional Handover shall be considered, the LTE agreements shall be used as baseline, and extensions for NR beamforming have to be studied.
3.2	Dual Connected Handover
The Dual Connected Handover (split bearer or non-split bearer) is one of the candidate solutions for the minimization of user data interruption in LTE, and most likely for NR as well. The general assumption is that a UE establishes the link to the target BEFORE detaching from the source cell. Although the dual connected handover is not considered for robustness in the LTE discussion, we believe that this approach should be revisited in NR and not be blindly adopted.
In [4], it is shown that a dual connected handover solution can create significant benefits in terms of robustness, if SRB duplication is used. More details are explained in [3]. However, SRB duplication requires a split bearer, and this seems to be de-prioritized in LTE, primarily since DC implementations seem to be rare and thus there would be little reuse of existing split bearer solutions. Furthermore, those solutions may require two TRX chains at the terminal which would limit their applicability to a small subset of UEs.
However, in NR many UEs will have EN-DC implemented and thus will have split bearer implementations as well as 2 TRX chains. Certainly, it has to be studied to what extent those aspects can be exploited; nevertheless, dual connected handover shall be considered for NR as robustness solution.
Recall that a dual connected handover solution (split bearer or non-split bearer) is needed anyway for minimization of user data interruption and extending the solution to create robustness may require little or no effort (the PDCP duplication functionality is already very flexible). Depending on UE capabilities, this may even make the conditional handover obsolete.
Proposal 2: Dual Connected Handover using SRB duplication shall be considered for NR mobility robustness, depending on reusability of the EN-DC implementation including the 2TRX.
3.3	Intra-CU handover
NR has specified a centralized architecture, where a single CU (containing PDCP, RRC, and SDAP) is connected to many DUs (containing the lower layers). So far, no handover optimization has been defined for this architecture, although the centralized nature of RRC and PDCP could be exploited in principle. In particular, the dual connected handover solutions may simplify significantly. However, we believe that the enhancements shall be applicable in all architectures (cf. work item objectives in section 1.). Any effort spent for special architecture has to be well justified.
Proposal 3: Dedicated solutions for special architectures shall have lower priority.
3.4	Further solutions
As mentioned above, speed scaling based on mobility state estimation does not exist in NR. We believe that such a solution alone would not provide sufficient benefits, and in the presence of CHO or Dual Connected Handover (as well as MRO) it would be obsolete.
In addition, one can consider the enhancements to beam selection and consolidation, so that the choice of beams for deriving the cell level quality is improved, thanks to another feedback sent after the L3 beam filtering is executed. More details can be found in our [6].
Proposal 4: NR robustness enhancements shall have a clear focus on the most promising methods.
4	Conclusions
In this paper we have analysed how mobility robustness can be improved in NR. The following observations and proposals have been made:
Observation 1: The basics of NR mobility are identical to those in LTE; additional challenges have to be resolved in NR due to the beamforming aspects.
Proposal 1: Conditional Handover shall be considered, the LTE agreements shall be used as baseline, and extensions for NR beamforming have to be studied.
Proposal 2: Dual Connected Handover using SRB duplication shall be considered for NR mobility robustness, depending on reusability of the EN-DC implementation including the 2TRX.
Proposal 3: Dedicated solutions for special architectures shall have lower priority.
Proposal 4: NR robustness enhancements shall have a clear focus on the most promising methods.
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