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1. Proposal

The following solution is proposed.
* * * * Start of 1st Change * * * * 

 6
Solutions
Editor's note:
This clause is intended to document the agreed architecture solutions. Each solution should clearly describe which of the key issues it covers and how.
6.X
Solution #X: Duplication of user plane tunnelling during HO 
6.X.1
Functional Description

Editor's note:
General description, assumption, and principles of the solution.

This solution addresses Key Issue#2 (supporting low latency and low jitter during HO). The basic idea is that UE always works in single radio mode and the user plane tunnel will be established before the handover in radio interface is finished, so as to avoid the additional latency brought by core network side (i.e. due to path switch and/or handover notify) .
It introduce a “fast handover” behavior shown as figure 1, where the solid line represents user plane connection, and dash line and arrow represents the data delivery and direction. During the pictures, the second and third ones show that the CN tunnel for target RAN node-2 has been established before handover procedure is finished in radio interface. 
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Figure-1 “fast handover” procedure
The “fast handover” is defined per [S-NSSAI, DNN]. It can be dynamically provisioned to SMF from UDM or PCF during PDU session procedure, or statically preconfigured in SMF. Then SMF determines if apply this “fast handover” for each PDU session and store the association of the “fast handover” and PDU session id.
When handover is triggered by source RAN node, the SMF will duplicate the tunnel for the PDU session id which is associated to “fast handover”, and send the downlink data to both source and target RAN node until the handover is completed.
6.X.2
Procedures

Editor's note:
Describes the high-level operation, procedures and information flows for the solution.
6.x.2.1   PDU session establishment or modification
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Figure-2 PDU session establishment or modification for “fast handover” provisioning
In step3, based on the “fast handover” policy provided from PCF or static policy stored in SMF, the SMF determines if the PDU session should be applied for “fast handover” and stored the association between PDU session id and “fast handover” indication.
6.x.2.1   N2 based Handover
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Figure-3. N2 based handover for “fast handover”
The procedure reuse existing N2 based handover, with the following characteristics:
Step-3：During session modification, the SMF establish the secondary tunnel for PDU sessions marked as “fast handover” which sharing the same IP address with the original tunnel within the same PDU session.

Step-11: When the secondary tunnel is finished (after step-8), the UPF begin to send duplicate the downlink data and send to both source and target RAN node simultaneously.

Step-12: Given the DRB is not established yet, the target RAN node cache the downlink data from UPF.

Step-15: When handover in radio interface is completed, Target RAN node begin to send downlink data including cached data to UE.
Step-16: UE reorders the data from both source and target RAN node using sequence number in PDCP layer.

NOTE: UE always works in single radio mode, the PDCP layer is not changed, so the reordering reuses existing mechanism.
Step-17: When receiving handover notify, the core network release the source RAN.

6.x.2.1   Xn based Handover 
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Figure-4. Xn based handover for “fast handover”

The procedure reuse existing Xn based handover, with the following new features.

Step-1 and 2：When the handover in radio interface is ongoing, the target RAN node sends PDU Session Update to core network to establish the secondary tunnel for the PDU session marked as “fast handover”. The step-2 will be triggered before step-1 is finished.
Step-3: When the secondary tunnel is finished (after step-2b), the UPF begin to send duplicate the downlink data and send to both source and target RAN node simultaneously.

Step-4: Given the DRB is not established yet, the target RAN node cache the downlink data from UPF.

Step-5: When handover in radio interface is completed, Target RAN node begin to send downlink data including cached data to UE.

Step-6: UE reorder the data from both source and target RAN node using sequence number in PDCP layer.
NOTE: UE always works in single radio mode, the PDCP layer is not changed, so the reordering reuses existing mechanism.
Step-5: When receiving path switch request, the core network release the source RAN.
6.X.3
Impact on existing entities and interfaces
Editor's note:
Impacts on existing nodes or functionality will be added
* * * * End of Changes * * * * 
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