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Abstract of the contribution: This paper intends to update solution #5 for KI#2. 
Discussion
1. Update for the Xn based handover in Solution #5:
This contribution proposes to update the Xn based “enhanced handover” as depicted in Figure 1. 

 
Figure 1: updated “enhanced handover” procedure
The proposed changes to Xn-based HO are:
Change 1:
Step 2a is initiated by Source RAN node, instead of Target RAN node. Reasons for change are:
a) Before Uu interface handover happens, it is suggested to let only source RAN node to interact with core network to facilitate potential handover roll back in case any failure happens; and
b) to avoid two parallel N2 interfaces for the UE. 
Change 2:
Change the message name in step 2a from “PDU session update” to “Handover Required”, to align with the N2 based handover.
Change 3:
Split “Handover in RAN side” into “Handover preparation in RAN side” and “handover execution in RAN side”. Step 2 should happen between “Handover preparation in RAN side” and “handover execution in RAN side”. 
Change 4:
Resolve the EN:
Editor’s note: it is FFS how to guarantee UE receiving all the packets sent via source tunnel before handover to target RAN node when UE works in single radio mode.
When the second tunnel is finished (after step-2b), the UPF begins to replicate the downlink data and send to both source and target RAN nodes simultaneously. An indication is sent to the source RAN via user plane to indicate the start of  bi-casting. The indication can be included in the GTP-U header of the first bi-casting packet to the source RAN or sent to the source RAN before the transmission of the first bi-casting packet like “end marker” message. 
[bookmark: OLE_LINK10]The source RAN will not trigger Uu handover (i.e. stop transmitting to the UE) until it receives the indication for the start of bi-casting and finishes the transmitting of the packets received before the bi-casting packets.

2. Similar changes can be implemented for the N2 based handover.
Proposal
It is proposed to update TR 23.725 as follows:
*******FIRST CHANGE*******
[bookmark: _Toc516465365][bookmark: _Toc515977966][bookmark: _Toc515978351][bookmark: _Toc515977955][bookmark: _Toc515978340][bookmark: _Toc516465323]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	3GPP TS 23.501: "System Architecture for the 5G System".
[3]	3GPP TS 23.502: "Procedures for the 5G System".
[4]	3GPP TS 23.503: "Policy and Charging Control Framework for the 5G System".
[5]	3GPP TS 22.261: "Service requirements for the 5G system".
[6]	802.1CB-2017 - IEEE Standard for Local and metropolitan area networks--Frame Replication and Elimination for Reliability, https://ieeexplore.ieee.org/document/8091139/.
[7]	3GPP TS 37.340: "Evolved Universal Terrestrial Radio Access (E-UTRA) and NR; Multi-connectivity".
[8]	ETSI GS MEC 003: "Mobile Edge Computing (MEC); Framework and Reference Architecture".
[x]	3GPP TS 38.300: "NR; NR and NG-RAN Overall Description".
*******SECOND CHANGE*******
6.5	Solution #5: Duplication of user plane tunnelling during HO
[bookmark: _Toc516465366]6.5.1	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 completely finished, so as to avoid the additional latency and jitter brought by data forwarding and/or data path switch on CN side.
Editor's note:	it is FFS if the dual radio UE can also be applied to this solution.
It introduce a "enhanced handover" behaviour shown as Figure 6.5.1-1, 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.


Figure 6.5.1-1: "enhanced handover" procedure
The "enhanced 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 "enhanced handover" for each PDU session and store the association of the "enhanced 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 "enhanced handover", and send the downlink data to both source and target RAN node until the handover is completed.
[bookmark: _Toc516465367]6.5.2	Procedures
Editor's note:	Describes the high-level operation, procedures and information flows for the solution.
[bookmark: _Toc516465368]6.5.2.1	PDU session establishment or modification


Figure 6.5.2.1-1: PDU session establishment or modification for "enhanced handover" provisioning
In step3, based on the "enhanced handover" policy provided from PCF or static policy stored in SMF, the SMF determines if the PDU session should be applied for "enhanced handover" and stored the association between PDU session id and "enhanced handover" indication.
NOTE:	The SMF may add an indicator to the PDU Session create/update message sent from SMF to RAN to indicate if the PDU session data needs data forwarding when handover happens.
[bookmark: _Toc516465369]6.5.2.2	N2 based Handover



Figure 6.5.2.2-1: N2 based handover for "enhanced handover"
The procedure reuse existing N2 based handover, with the following characteristics:
Editor's note:	it is FFS if the dual radio UE can be applied to this handover procedure.
3.	During session modification, the SMF establish the secondary tunnel for PDU sessions marked as "enhanced handover" which sharing the same IP address with the original tunnel within the same PDU session.
11.	When the secondary tunnel is finished (after step-8), the UPF begins to send duplicate the downlink data and send to both source and target RAN node simultaneously. An indication is sent to the source RAN via user plane to indicate the start of bi-casting. The indication can be included in the GTP-U header of the first bi-casting packet to the source RAN or sent to the source RAN before the transmission of the first bi-casting packet. 
12a. The source RAN will trigger Uu handover (i.e. stop transmitting to the UE) once it receives the indication for the start of bi-casting and finishes the transmitting of the packets received before the bi-casting packets.
12b.	 Given the DRB is not established yet, the target RAN node cache the downlink data from UPF.
When handover in radio interface is completed, Target RAN node begins to send downlink data including cached data to UE.
13.	UE reorders the data from both source and target RAN node.
15.	When handover in radio interface is completed, Target RAN node begin to send downlink data including cached data to UE.
Editor's note:	how to realize this reordering is FFS.
176	When receiving handover notify, the core network release the source RAN.
[bookmark: _Toc516465370]6.5.2.3	Xn based Handover



Figure 6.5.2.3-1: Xn based handover for "enhanced handover"
The procedure reuse existing Xn based handover, with the following new features.
1-2.	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 "enhanced handover". The step 2 will be triggered before step 1 is finished. After the step 5 in Handover Preparation procedure as defined in TS 38.300 [x] is finished, the source RAN node sends Handover Required to the core network to establish the secondary tunnel for the PDU session marked as “enhanced handover”.
Editor's note:	it is FFS if the dual radio UE can be applied to this handover procedure.
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. An indication is sent to the source RAN to indicate the start of bi-casting. The indication can be included in the GTP-U header of the first bi-casting packet to the source RAN or  sent to the source RAN before the transmission of the first bi-casting packet.
4.	The source RAN will trigger Uu handover (i.e. stop transmitting to the UE) once it receives the indication for the start of bi-casting and finishes the transmitting of the packets received before the bi-casting packets.
5.	Given the DRB is not established yet, the target RAN node cache the downlink data from UPF.
65.	As long as the DRB in target Node is established, the target RAN node, the target RAN node begin to send downlink data including cached data to UE and also receiving the UL data.
76.	UE reorder the data from both source and target RAN node.
Editor's note:	how to realize this reordering is FFS.
78-10.	When receiving path switch request, the core network release the N3 tunnel to source RAN.
Editor's note:	it is FFS how to guarantee UE receiving all the packets sent via source tunnel before handover to target RAN node when UE works in single radio mode.
[bookmark: _Toc516465371]6.5.3	Impact on existing entities and interfaces
Editor's note:	Impacts on existing nodes or functionality will be added
*******END OF CHANGE*******
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