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1. [bookmark: _Ref498085473]Introduction
In RAN2#97, the following has been agreed.
Agreements
1	We will aim to define HO for NR with an interruption as close to zero as possible while only having single Tx/Rx in the UE, and 0ms interruption at least for the case that the UE supports simultaneous Tx/Rx with source cell and target cell during HO

In RAN2#97_bis it was further agreed that
=>	We will progress the basic HO mechanism for NR (not including LTE Rel-14-like mobility enhancements) and when stable we can discuss potential optimisations to target close to 0ms or 0ms interruption.

Although handover enhancements are expected to be treated after December, we believe this is a good time to start reviewing handover enhancements proposed in LTE and discuss and analyse their applicability in NR.
1. [bookmark: _Ref498083370]Existing Mobility Enhancements
As a baseline, we review the mobility enhancements standardized in LTE and review their applicability in NR scenario. We also introduce new enhancement(s) for NR. The need for mobility enhancements was identified for reducing latency in network which benefits TCP based application, gaming, real time applications like VoLTE/OTT VoIP and video telephone/conferencing. The below discussed mobility enhancements can be found in TS 36.300 [1] :
1. RACH Less Handover
RACH-less handover was studied in TR 36.881 [2] and was intended for reducing latency during HO in synchronized network, i.e. source cell, target cell, and the UE are synchronized. One proposed option was at a mutually agreed time, UE switches from source cell to target cell, without requiring random access procedure. Alternatively, the UE can follow the legacy handover procedure but skips the RACH related steps. Based on the condition that the releveant nodes are synchronized, the source can stop DL transmission to UE, the target cell provides an uplink grant to the UE, and UE connects to the target cell. Obtaining TA, which is a major objective of RACH procedure, can be resolved in a synchronized network. The UE first obtains the DL propagation delay difference between the source cell and the target cell. Assuming the UL propagation delay is the same as DL propagation delay, the UE can derive the target cell TA from the source cell TA by : where  are the DL propagation delay of the source and target cell, respectively. UL grant for the transmission of handover command response can be pre-allocated in handover command, which then needs to be kept valid within a period of time, starting from the time when the UE achievers synchronizations with the target cell. Altenatively, UL grant allocation can be dynamically scheduled in the target cell.
1. [bookmark: _Toc498086662][bookmark: _Toc498086635][bookmark: _Toc498617853][bookmark: _Toc498617750][bookmark: _Toc498619186][bookmark: _Toc498619209]RACH-less handover scenarios identified for LTE are still relevant in NR.

In NR, the scenarios identified in LTE is not altered and hence, RACH-less handover can be supported. However, the shortcomings of RACH-less procedures such as the reservation of UL resources should be taken into account. Moreover, other handover enhancements (for instance conditional handover, see Section 3.1) may resolve the issues mentioned here and hence the usage of Rach-less HO can be very limited. One scenario that favors RACH-less HO is when the UE is synchronised with a PCell and SCell in CA and MgNB and SgNB in DC scenario in NR. In these cases where SCell is changed to a PCell and/or SgNB is changed to a MgNB, RACH-less handover principle can be appliled. Details of the proposal can be found in our companion contribution [3].
1. [bookmark: _Toc498617856][bookmark: _Toc498617753][bookmark: _Toc498603506][bookmark: _Toc498086643][bookmark: _Toc498619189][bookmark: _Toc498619212]RACH-less HO can be continued to be supported in NR for certain scenarios and identified situations in CA and DC.
1. [bookmark: _Ref498085832]Make Before Break Handover
In LTE make-before-break (MBB) handover (HO), refers to a handover mechanism where the UE connects to the target cell before disconnecting from the source cell unlike the standard handover procedure where the UE resets MAC and reestablishes PDCP upon receiving HO command from the source. In MBB solution, MAC and PDCP reset in UE are delayed until the UE performs successful RACH at the target cell. This requires UE to monitor both target and source nodes simulateneously. RLM in the source node is suspended until the end of handover (successful or failure). The solution provides the additional benefit of returning back to the source cell if handover fails. When RACH is completed successfully, the source cell is made aware and it stops transmission to the UE. 
As make-before-break, is for single Tx/Rx UE, the UE will release the connection to source when the following conditions are met:
· Transmits the RACH preamble;
· Transmits the HO Complete message on the PUSCH (if RACH-less HO with UL grant received in HO Command message); or
· Monitors the PDCCH in the target cell (if RACH-less HO without UL grant in HO Command message. The UE instead receives UL grant through the PDCCH).
Or in other words, the UE releases the connection with the source cell before the connection with the target cell is ready for packet transmission/reception.
1. [bookmark: _Toc498617854][bookmark: _Toc498617751][bookmark: _Toc498086663][bookmark: _Toc498086636][bookmark: _Toc498619187][bookmark: _Toc498619210]In LTE, make-before-break handover was introduced in release 14 for UE with single Tx-Rx chain to reduce data interruption during handover.
As MBB with single Tx-Rx cannot achieve 0 msec and since the agreement scenario in RAN2 for UE with single Tx/Rx  can be improved by using conditional handover as mentioned in section 3.1, MBB for single Tx/Rx needs not to be supported in NR. However, it is possible to enhance MBB to avoid such problems, as described briefly in Section 3.2 and in our companion contribution [6] in more details.
1. [bookmark: _Toc498617857][bookmark: _Toc498617754][bookmark: _Toc498603507][bookmark: _Toc498086644][bookmark: _Toc498619190][bookmark: _Toc498619213]Make-before-break handover described in LTE needs not to be supported in NR for UE with single Tx/Rx.
1. [bookmark: _Ref498086581]Proposed Handover Enhancements in NR
Operating frequency in NR would be higher than LTE and narrow beamforming will be used in the gNBs. Along with additional benefits, this introduces new complicated challenges also. Furthermore, requirements for 0ms handover interruption time for NR UE with dual Tx/Rx chain requires new enhancements. Hence, in addition to the handover enhancements discussed in section 2, we propose the below enhancements for NR.
2. [bookmark: _Ref498603320]Conditional Handover
In earlier mobility studies for LTE, RAN2 observed that the serving cell may not be able to convey the handover command timely. Lowering the time-to-trigger (TTT) and the measurement hysteresis allowed to reduce the handover failure rate but also resulted in higher ping-pong probability. We expect that in NR these effects will be even more pronounced when operating at higher frequency bands. To avoid the undesired dependence on the serving radio link upon the time (and radio conditions) where the UE should execute the handover, NR should offer the possibility to provide the required RRC signalling (i.e., the handover command) to the UE earlier. To achieve this, it should be possible to associate the HO command with a condition. As soon as the condition is fulfilled, the UE may execute the handover in accordance with the provided handover command. The network has the option to change/cancel the target cell configurations, modify the conditions, cancel the configuration and thus have full controllability on the UE. Introducing conditional handover would reduce RLF, HOF and thus increase the handover reliability.
1. [bookmark: _Toc498617855][bookmark: _Toc498617752][bookmark: _Toc498086664][bookmark: _Toc498086637][bookmark: _Toc498619188][bookmark: _Toc498619211]Conditional handover can increase handover reliability.
Details discussion on conditional handover, i.e. signals and basic operation principle can found in [4]. Also, simulation results showing the performance improvement by implementing conditional handover can be found in [5].
Based on the observations discussed in [4][5], we propose conditional handover can be deployed in NR.
1. [bookmark: _Toc498617858][bookmark: _Toc498617755][bookmark: _Toc498603508][bookmark: _Toc498086645][bookmark: _Toc498619191][bookmark: _Toc498619214]To increase handover reliability, i.e. reduce HOF and RLF, conditional handover should be supported in NR Rel-15.
2. [bookmark: _Ref498619031]Enhanced Make-before-break Handover
As mentioned in section 1, for UE with dual Tx/Rx chain, NR needs to support 0 ms handover. One simple solution can be to re-use LTE MBB solution with some enhancements for inter-frequency handover, denoted by enhanced MBB handover here after. In contrast to the problem faced by UE with single Tx/Rx chain mentioned in section 2.2, UE with dual Tx-Rx chain can keep the connection with the source cell until it is able to receive packets from the target cell. In principle, this refers that the source cell, after sending handover command to the UE, forwards data packet to the latter in parallel to forwarding packet to the target cell. Thus, the target cell will be able to send data immediately to the UE when it connects to it. Detailed description of the solution along with proposed signal flow can found in [6]. From the discussion in [6] we propose to use enhanced MBB solution to support 0 ms handover interruption in NR.
1. [bookmark: _Toc498617756][bookmark: _Toc498603509][bookmark: _Toc498086646][bookmark: _Toc498617859][bookmark: _Toc498619192][bookmark: _Toc498619215]NR should implement enhanced MBB solution to support 0ms handover.
1. Conclusion
In section 2 and 3, we made the following observations:
Observation 1	RACH-less handover scenarios identified for LTE are still relevant in NR.
Observation 2	In LTE, make-before-break handover was introduced in release 14 for UE with single Tx-Rx chain to reduce data interruption during handover.
Observation 3	Conditional handover can increase handover reliability.

Based on the discussions we propose the following:
Proposal 1	RACH-less HO can be continued to be supported in NR for certain scenarios and identified situations in CA and DC.
Proposal 2	Make-before-break handover described in LTE needs not to be supported in NR for UE with single Tx/Rx.
Proposal 3	To increase handover reliability, i.e. reduce HOF and RLF, conditional handover should be supported in NR Rel-15.
Proposal 4	NR should implement enhanced MBB solution to support 0ms handover.
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