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1	Introduction
0ms handover is one of the NR requirements. It has already been agreed that 0ms is only achievable when the UE has 2 transmit / receive units. But it has not been decided yet how to use those 2 Tx/Rx; concrete discussions are supposed to start once the basics of NR HO have settled which has nearly happened post RAN2 NR Adhoc#2.
In addition, it is obvious that such a dual connected handover solution will also lead to benefits in mobility robustness, which will be extremely important for URLLC services since mobility failures obviously lead to massive service interruptions as well. 
For the moment, the 0ms handover requirement is the primary target to develop such a solution. Mobility robustness / reliability is a secondary target which should be kept in mind as well.
2	RAN1 / RAN4 view
RAN2 has sent a liaison statement to RAN1 and RAN4 about the feasibility of simultaneously transmitting to and receiving from 2 different base stations in synchronous and asynchronous networks [1]. The RAN1 answer [2] gives green light for 2 TRX (for synchronous and asynchronous networks). The RAN4 answer [3] leaves the asynchronous network case for further study.
Proposal 1: Continue discussion with RAN4 about the feasibility of simultaneous transmission to 2 different base stations. 
3	Basic Methods
Basically, two methods have been proposed to enable a dual connected handover.
· Enhancing the Make Before Break (MBB) handover specified in Rel14, using full protocol stack in source and target cell (group), e.g. [4].
· Re-using the DC principle with master and secondary gNB, sharing a single PDCP (typically in master gNB)
We believe that DC principle is the much better choice, since a split solution for sending data via 2 gNBs is already available. Furthermore, even the duplication option has been decided on the PDCP layer which can be reused as well.
For an enhanced MBB handover solution with full protocol stack at source and target cell, a split above PDCP has to be defined, and a new duplication method has to be defined as well (it is likely that duplication will be needed to realize 0ms handover, in particular when the split is done above PDCP as for enhanced MBB, as already stated in e.g. [5]).
Proposal 2: RAN2 is asked to re-use the DC principle for the 0ms / dual connected handover

4	Procedure for a DC based handover
4.1	Overview
Figure 1 shows how the DC principle can be applied to the handover situation. The approach is very similar to presented in [6].
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[bookmark: _Ref489957283]Figure 1 Procedure for DC based handover
The target cell is added at an early stage as an SgNB (i.e. earlier than the conventional handover is executed). Since the target cell shall be the serving cell at the end of the procedure, the master role (including the security key) has to be transferred from source cell to target cell, i.e. MgNB and SgNB swap their roles. Finally, the source cell (which is now served by SgNB) is removed.
4.2	Role Swap
For the role swap, in principle the “eNB to MeNB change” or “Inter-MeNB handover without SeNB change” procedure as defined in [7]  could be used. However, both procedures can be massively simplified, since the future MgNB is already configured as SgNB and thus already has synchronization, knows TA, UE context etc. It will be much more efficient to tailor a procedure for such a role swap, which already has been proposed in [6] and [8]. This will save both signaling and latency. Figure 2 shows a possible message sequence chart of such a role swap procedure.
[image: ]
[bookmark: _Ref489957268]Figure 2 Possible Message Sequence Chart for Role Swap procedure

Proposal 3: RAN2 is asked to initiate the discussion on such a role swap procedure and send an LS to RAN3.
4.3	Duplication
In order to realize the 0ms handover, we will have to duplicate the user plane packets via source and target to avoid delays when higher layers switch between source and target. However, we can re-use the method which is being specified already (i.e. section 6.4.2 of [9]).
In order to also increase mobility robustness, we also have to duplicate the RRC messages (namely measurement reports in the uplink and RRC reconfigurations in the downlink, “SRB”). This may not be needed if 0ms is the only target at the beginning. Also, SRB duplication is already being specified, so there is no need for additional procedures.
Proposal 4: The currently defined duplication method can be reused.
4.4	Radio Link Failure
Originally, when the PCell in the MgNB fails, then RLF is detected, SCells and PSCells are suspended and re-establishment is initiated. This is done even if a proper PSCell is available. In the latter case, it seems more intuitive to avoid suspension and re-establishment and to continue the connection with a PSCell. This would require an extension of the RLF definition.
However, failures in the PCell should already be pretty rare when SRB duplication is used. Transmission of Measurement Report and RRC Reconfiguration should be relatively safe when it is done via both source and target cell at the same time.
So before extending the RLF definition it should be studied how likely residual errors are in the case of (already agreed) SRB duplication. Note that such an extension is not needed to realize the 0ms handover, it is only needed if also robustness and ultra-reliability are considered as a target.
Proposal 5: RLF definition may require extension when mobility robustness is considered as a target; however, this requires studying the residual failures taking into account the benefits of SRB duplication.
4.5	Interference
Some contributions, e.g. [10] are highlighting that there is mutual interference between the source and target link, and state that additional interference coordination mechanisms are needed for such a dual connected handover. Whereas we certainly agree that there is interference on both uplink and downlink, this interference is not any larger than for a normal, single connected handover. Downlink interference is there in any case (with decent load), no matter whether the same UE or any other UE is served. Uplink interference is also generated by any other UE from any other neighboring cell. Furthermore, it is not very likely that the transmissions on target and source link will collide since the independent schedulers will schedule the UE at different time and PRB instances. Thus, existing interference mitigation scenarios (coordination, IRC, etc.) can be applied, if needed.
For the sake of completeness, we would like to mention one exception: for TDD with uncoordinated uplink/downlink decisions, a dual connected UE will obviously run into self-interference problems. So, uplink/downlink coordination indeed is required; however, such a coordination will be needed in many scenarios anyway, e.g. for macro cells, for busy cell edges, for decent load, etc. That means, no dedicated feature in this area is needed to enable such mechanism.
Proposal 6: No additional interference coordination methods are needed for the dual connected handover. 
5	Conclusion
This paper focused on DC-based handover in NR, which seems to be an effective solution to ensure 0 ms interruption during handover and improve the mobility robustness. In the course of the paper, the following observations and proposals have been made:
Proposal 1: Continue discussion with RAN4 about the feasibility of simultaneous transmission to 2 different base stations.
Proposal 2: RAN2 is asked to re-use the DC principle for the 0ms / dual connected handover
Proposal 3: RAN2 is asked to initiate the discussion on such a role swap procedure and send an LS to RAN3.
Proposal 4: The currently defined duplication method can be reused.
Proposal 5: RLF definition may require extension when mobility robustness is considered as a target; however, this requires studying the residual failures taking into account the benefits of SRB duplication.
Proposal 6: No additional interference coordination methods are needed for the dual connected handover. 
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