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1
Introduction

As the NR SI was completed and the NR WI has been started after the RAN#75 meeting [1], one of the tasks for NR WI is to specify the handover procedure. 
In LTE, the baseline handover procedure was specified in Rel-8, which was further enhanced in Rel-14 during the corresponding LTE Mobility Enhancements WI. During the RAN2#97bis meeting, RAN WG2 has decided that the baseline mobility procedure should be standardized first, which will be followed by further mobility enhancements that may cater even for 0ms interruption time.
In this discussion paper we present a coarse overview of the LTE mobility enhancements, as they were specified in Rel-14, elaborating further on how they can be applied to NR.
2
Mobility enhancements for NR
2.1
Potential enhancements discussed so far
Table 1 below summarizes the solutions having been submitted during the NR SI with further analysis and on the handover interruption time and reliability.
Table 1: Overview of mobility enhancements considered by RAN WG2.
	Solutions
	Description
	Interruption
	Reliability

	LTE baseline HO 
	Conventional handover.
	Baseline ( ~ 50ms)*
	Baseline

	Make Before Break
	Source link is maintained until RACH preamble transmission in the target starts
	Better than baseline 
(~ 30ms) 
	Same as baseline

	RACH-less HO 
	Handover without RACH in the target cell.
	Better than baseline 
(~ 20ms) 
	Same as baseline

	MBB + RACH-less
	Source link is maintained until the first PUSCH transmission starts at target
	Better than baseline 
(1 ~ 5ms) 
	Same as baseline

	UE based handover (a.k.a conditional handover)
	Handover command is provided earlier (when source channel quality is still good) and UE decides when to perform handover.
	Same as baseline
	Better than baseline 

	Dual-connection based mobility (e.g. DC with MeNB/SeNB change) [
	Simultaneous connections with source cell and target cell are maintained. 
	Better than baseline 
(0ms possible)
	Better than baseline 


In general, mobility performance has two aspects: 
-
how reliably mobility is executed, e.g. how infrequently mobility failure occurs; and 
-
for how long interruption is incurred during the mobility. 
In our understanding, the make-before-break (MBB), RACH-less HO, combined MBB and RACH-less mechanism are solutions aim at reduction of the interruption time. In turn, the UE based mobility and dual-connectivity based mobility are solutions to enhance the reliability. 

Table 2 lists the expected UE complexity and standardization effort of each solution which should also be considered in evaluation.
Table 2: Overview of mobility enhancements with UE complexity and standardization efforts.
	Solutions
	UE complexity
	Standardization effort

	Make Before Break
	1 Rx/ 1 Tx
	LTE solution can be largely reused.

	RACH-less HO
	1 Rx/ 1 Tx
	LTE solution can be largely reused.

	MBB + RACH-less
	1 Rx/ 1 Tx
	LTE solution can be largely reused.

	UE based mobility/ Delayed HO
	1 Rx/ 1 Tx
	New solution. Main work will be done by RAN2 

	
	
	

	Dual-connection based mobility (e.g. DC with MeNB/SeNB change) 
	2 Rx/ 2 Tx (at least in LF)
	New solution; built on top of NR-NR dual connectivity. Multiple WGs would be involved. 


3.2 Enhancements to reduce the interruption time 

The Rel-14 LTE "Mobility enhancements" WI was completed with two solutions specified – Make-Before-Break (MBB) and RACH-less handover – whereupon these solutions can be combined and activated together. MBB is an enhancement on the normal handover with no impact to the underlying physical layer and data channels. Thus, MBB as a principle is agnostic to underlying radio hence it could be applied to NR without major update from LTE MBB. 

Proposal 1a:
Consider the MBB feature for NR and start specifying it after NR baseline handover procedure is completed.
RACH-less handover assumes that the corresponding RACH phase is skipped completely in the target cell. It should be noted that the NR random access can be significantly different when compared LTE random access, and it could be also the case that it would be difficult or even impossible to avoid it for operation in higher frequencies. In that sense, it would be a bit premature to decide whether we can support RACH-less handover or not, at least the way we know it from LTE.
Proposal 1b:
Consider the RACH-less feature for NR (and the combined solution of RACH-less and MBB) once the discussion on NR RACH procedure design is sufficiently progressed.  

3.2 Enhancements to improve reliability

Handover reliability (i.e. HO failure rate and HO ping-pong rate) is an important factor in mobile communication system in a sense that handover failure is easily noticed by users and degrades QoE significantly. Achieving decent handover reliability is a challenging task especially in HF system. With the above considerations we believe NR system shall aim to provide reliable handover from the first release.
While dual-connectivity based enhancement is one of the most straightforward ways to ensure higher reliability, its introduction depends on the NR-NR dual connectivity functional framework and, furthermore, requires further RAN1 and RAN4 studies with regards to its applicability for the intra-frequency operation [2,3]. Hence it might be not possible to start discussion on it in the early phase. 

Proposal 2a:
Consider the dual-connection based enhancements after discussion on NR-NR dual connectivity is sufficiently progressed.

UE based autonomous handover mechanism has been discussed during the previous RAN WG2 meetings. Despite of supports from many companies, RAN WG2 failed to achieve consensus due to lack of time. We believe UE based autonomous handover is a simple extension of the normal handover at least in UE point of view and can be specified without much complexity. 

Proposal 2b:
NR supports the UE based handover where Handover Command is provided in advance and UE decides the actual time when handover is executed.
3 Conclusion
This paper discusses a plan for mobility enhancement discussion for Rel-15 NR with following proposals. 

Proposal 1a:
Consider the MBB feature for NR and start specifying it after NR baseline handover procedure is completed.
Proposal 1b:
Consider the RACH-less feature for NR (and the combined solution of RACH-less and MBB) after discussion on NR RACH procedure is sufficiently progressed.  

Proposal 2a:
Consider the dual-connection based enhancements after discussion on NR-NR dual connectivity is sufficiently progressed.

Proposal 2b:
NR supports the UE based handover where Handover Command is provided in advance and UE decides the actual time when handover is executed.
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