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Abstract: This paper proposes solution to Key Issue #2: Supporting low latency and low jitter during handover procedure.
1	Introduction
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]This contribution proposes an optimized handover procedure for URLLC service. 
2	Discussion
The basic handover scenario defined in 23.502 where neither the AMF nor the UPF changes is depicted in Figure 1.The intra-NR RAN handover performs the preparation and execution phases of the handover procedure performed without involvement of the 5GC, i.e. preparation messages are directly exchanged between the gNBs. The release of the resources at the source gNB during the handover completion phase is triggered by the target gNB. 
As shown in Figure 1, it is assumed that the handover interruption time in air interface is T(ho).


Figure 1: Intra-AMF/UPF Handover
Before DL path switch in UPF, the delay of a packet from UPF to UE can be denoted as:
1. During HO execution: T = Ta + MAX(T[ho], Tb) + Tc.
2. After HO execution: T = Ta + Tb + Tc.
To minimize the latency of the packet during the whole HO procedure, the ideal latency should be T = Ta + Tc. i.e. we should minimize both the interruption time caused by air interface (i.e. T[ho]) and the delay caused by forwarding path (i.e. Tb). 
Some mechanisms, e.g. Make-Before-Break HO, RACH-less HO (as shown in Figure 2), has been discussed in RAN WG to minimize T(ho). It expects RAN WG will continue minimize the interruption to realize 0ms Handover in RAN part. 
As a supplementation, the solution proposed in this paper targets to eliminate the delay caused by forwarding path (i.e. Tb)
2	Proposal 
It is proposed to agree the following P-CR to TR 23.725.
* * * * Start of Change, all new texts * * * * 
6.X	Solution for Key Issue #2: Optimized handover procedure for URLLC services 
6.X.1	Description
This solution addresses the KI#2 of “How to fulfill URLLC requirement during UE handover procedure”.
[bookmark: _GoBack]Before handover execution phase, the source RAN notifies the CN the UE is to be switched to a target RAN and informs the CN the target RAN ID. The CN pre-establish the N3 tunnel between the target RAN and the UPF, then starts dual transmission for the downlink packets to the source RAN and target RAN. The source RAN will not trigger the handover execution until it receives a handover command from the CN.  The forwarding tunnel between the source RAN and target RAN is not used.


Figure 6.x.1-1: Pre-establishment of the path between the target RAN and the UPF
[bookmark: _Toc508697731]6.x.2	Procedures
Editor’s Note: How to support N2 based Handover is FFS.
6.x.2.1	Xn based inter RAN handover without UPF re-allocation for URLLC services 
Figure 6.x.2.1-1 depicts the call flow for the Xn based inter RAN handover without UPF re-allocation for URLLC services. The N3 tunnel between the target RAN and the UPF will be established after the handover preparation phase and before the handover execution phase. 
The UPF referred in this clause is the UPF which terminates N3 interface in the 5GC. 
[bookmark: OLE_LINK52]



Figure 6.x.2-1: Xn based inter RAN handover without UPF re-allocation for URLLC services
1. Steps 0-5 from clause 9.2.3.2.1(Intra-AMF/UPF Handover) in TS 38.300 [x] are performed with the following differences:
The list of accepted QoS Flows and the target RAN tunnel information for DL N3 tunnel is included in the HANDOVER REQUEST ACKNOWLEDGE.
2.  The source RAN sends the Handover Required to the AMF, the target RAN ID and N3 tunnel Info of the target RAN is included in the Handover Required.
3-5. The N3 tunnel between the target RAN and the UPF is established and the SMF indicates the UPF to start to replicate the downlink packets of URLLC QoS Flows and send the replicate via the source RAN and target RAN separately.
6. The AMF sends the Handover Command to the source RAN to trigger Uu handover.
Note: During dual transmission phase, the UE may still attach to source RAN for UL/DL transmission depends on RAN defined mechanisms.
7. Steps 6-8 from clause 9.2.3.2.1(Intra-AMF/UPF Handover) in TS 38.300 [x] are performed with the following differences:
The source RAN triggers the Uu handover after receiving the Handover Command from the AMF. Once the UE attached to the target RAN, the target RAN will start to transfer UL/DL packet for the UE. If the UE received duplicated packet from both source RAN and target RAN, the UE shall eliminate the replicates.
Note: How to optimize the interruption time during Uu handover should be decided by RAN WG.
8. Steps 9-12from clause 9.2.3.2.1(Intra-AMF/UPF Handover) in TS 38.300 [x] are performed with the following differences:
The SMF indicates the UPF to stop the dual transmission. The DL packet shall only be transferred via target RAN. 
[bookmark: _Toc513187949]Note: The UPF will not send any “end marker” packet for the N3 tunnel. 
6.X.3	Impacts on Existing Nodes and Functionality
Editor's note:	This clause captures impacts on existing 3GPP nodes and functional elements.

[bookmark: _Toc513187950]6.X.4	Solution Evaluation
Editor's note:	This clause provides an evaluation of this solution.

* * * * End of Changes * * * * 
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1. Steps 0-5 of handover preparation procedure for Intra-AMF/UPF handover in clause9.2.3.2.1 in TS 38.300
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7. Steps 6-8 of handover execution procedure for Intra-AMF/UPF handover in clause9.2.3.2.1 in TS 38.300

8. Steps 9-12 of handover complete procedure for Intra-AMF/UPF handover in clause9.2.3.2.1 in TS 38.300
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