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Abstract of the contribution: This contribution updates the solution #5 for applying to handover procedures defined in TS 23.502.
1. Proposal
This solution suggests how to apply solution#5 to handover procedures defined in TS 23.502. In the TS 23.502, three Xn-based handover procedures are defined as follows.

1) 4.9.1.2.2: Xn based inter NG-RAN handover without User Plane function re-allocation
2) 4.9.1.2.3: Xn based inter NG-RAN handover with insertion of intermediate UPF
3) 4.9.1.2.4: Xn based inter NG-RAN handover with re-allocation of intermediate UPF
Therefore, we update enhance handover (solution#5) procedure when “Xn-based inter NG-RAN handover with insertion of intermediate UPF” occurs.

Figure 1 represents our updated enhanced handover when Xn-based inter-NG-RAN handover with insertion of intermediate UPF occurs, and UE works in the single radio interface. The dashed line represents the user plane connection whereas the solid line represents the packet delivery direction. 
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Figure-1 enhanced handover procedure when intermediate UPF is needed to insert the secondary path during HO

Figure 1 (a) describes that packets are transmitted to the source RAN from UPF before the handover occurs. The packets are stored in the source RAN, which then transmits the stored packets to UE.
Figure 1 (b) shows that an additional tunnel between the UPF and target RAN via the I-UPF has been established before the handover in radio interface is started. 
Figure 1 (c) represents that duplicated packets are transmitted to both the source RAN and the target RAN from UPF and the handover in radio interface is finished.
* * * Start of Changes * * * 

6.5
Solution #5 for Key Issue #2: Duplication of user plane tunnelling during HO

6.5.1
Functional Description

This solution addresses Key Issue#2 (supporting low latency and low jitter during HO). The basic idea is that the user plane tunnel will be established and used to transmit data as long as the DRB is established during handover procedure, which is called "enhanced handover", so as to avoid the additional latency and jitter brought by data forwarding and/or data path switch on CN side.

Also, the procedures for data path switch on the CN side during the handover are defined in TS 23.502 [3]. Therefore, this solution addresses Key Issue#2 in the handover cased defined TS 23.502 [3].
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 which is associated to "enhanced handover", and send the downlink data to both source and target RAN node until the handover is completed.

Note: This solution needs to be checked with RAN2/RAN3 before final conclusion. 

6.5.2
Procedures

6.5.2.4
Xn-based Enhanced handover with insertion of intermediate UPF 
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Figure 6.5.2.4-1. Xn based inter NG-RAN handover with insertion of intermediate UPF for “enhanced handover” 
The procedure reuses the existing inter-NG-RAN handover with insertion of intermediate UPF with the following new features. 
1-2. When the handover in radio interface is ongoing, the target RAN node sends PDU Session Update to SMF to establish the secondary tunnel in target side for the PDU session. Step 2 will be triggered during the handover procedure in radio interface. 

The UL/DL SN mapping relation between PDCP and GTP-U can be used for the redundancy elimination, and if so the source RAN node needs to tell the target RAN node the mapping relation via Xn in step 1 (e.g. in handover request).
3. If SMF determines an intermediate UPF (I-UPF) is needed in the secondary tunnel, then, SMF selects an intermediate UPF (I-UPF) to update PDU session. 

Note that when UE has moved out of the service area of UPF connecting to the serving NG-RAN node, SMF can select I-UPF based on the UPF selection criteria according to clause 6.3.3 of TS 23.501 [2].
4. An N4 Session Establishment Request and Session Establishment Response messages are exchanged between SMF and I-UPF. By exchanging messages, IP address assignment and allocation of downlink and uplink tunnel identifiers in I-UPF are performed by SMF. 

5. SMF sends Session Modification message to the PDU Session Anchor (PSA) to create the secondary tunnel. Then, if the secondary tunnel is created, PSA Session Modification responds to SMF

7. When the secondary tunnel is established, UPF begins to duplicate the downlink data and sends to the source RAN node and target RAN node via I-UPF simultaneously. An indication can be included in the GTP-U header of the first duplicated packet to the source RAN to indicate the start of duplicated transmission. After receiving the indication, the source RAN will trigger Uu handover.

9. Before the DRB is established, the target RAN node cache the downlink data from UPF.
10. As long as the DRBs in target Node are established, the target RAN node, UE will transmit the UL and DL data via target RAN node before the handover procedure is totally finished (UE sending handover complete). In dual radio based handover case, the UE will transmit the data via source and target RAN nodes simultaneously before the handover procedure is totally finished.
UE eliminates the redundancy of the DL data from both source and target RAN node using the DL PDCP SN for URLLC QoS flow. UPF eliminates the redundancy of the UL data from RAN node using the GTP-U SN for URLLC QoS flow.
12 -13: When receiving a path switch request, SMF can release the old tunnel between the source RAN and UPF. 

* * * End of Changes * * * 
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