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Abstract of the contribution: This paper proposes to update the solution#5, which mainly resolve the left ENs.
1. Discussion
This P-CR is proposed to resolve the ENs and editorial as below.

1. Regarding the “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.”
Proposal:

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. 

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. Regarding “Editor’s Note: how to realize this reordering is FFS”.
1)  If the duplication is performed in application layer as solution 1/2 does or a new layer called HRP as solution#3 does, then there is no need to considering reordering in 3GPP layer.
2)  If the duplication is performed using SN in GTP-U to identify the duplicated packets, then when triggering HO, the source RAN node needs to tell the target RAN node the latest DL and UL SN mapping relation between GTP-U and PDCP layer. The SN mapping relation can be sent by source RAN node via the source to target transparent container in handover required if N2 based HO applies or as a new parameter in handover request if Xn based HO applies.

Since there can be a number UL/DL of packets transmitted between the HO triggering and target N3 tunnel established, the SN value will be increased somehow comparing to the SN when triggering HO, so the target RAN node needs to derive the DL PDCP SN and/or UL GTP-U SN value for the packets transmitted in the target path.  

Specifically,

· For DL transmission, the target RAN node can derive the DL PDCP SN value for the packet’s GTP-U SN from the target N3 tunnel based on the SN mapping relation. For example, the source RAN node may receive GTP-U SN = 100 associated to PDCP SN = 125 for DL, and then when the target RAN node receives the DL packet for this URLLC QoS flow with GTP-U SN = 145, then it can derive the DL PDCP SN = 125 + (145 - 100) = 160.
· Similarly for UL transmission, the target RAN node can derive the newly received packet’s UL GTP-U SN from UL PDCP SN based on the received mapping relation.
Proposal：
It is proposed source RAN node send target RAN node the DL/UL SN mapping relation between PDCP and GTP-U layer. Then the target RAN node can determine the PDCP SN for DL data and GTP-U SN for UL data transmitted via newly established path. 

Specifically, 
· For N2 based HO, the DL/UL SN mapping relation between PDCP and GTP-U layers is sent to target RAN node using handover required message e.g. in the transparent container.
· For Xn based handover procedure, the DL/UL SN mapping relation between PDCP and GTP-U layer is sent to target RAN node using handover request message.

NOTE: the feasibility to sending the mapping relation needs to be confirmed by RAN-2 and RAN-3 WGs.
3. Some editorial change.
1. Change proposal
**************************First Change***************************
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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.

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


6.5.2.1
PDU session establishment or modification
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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 store 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.

6.5.2.2
Enhanced N2 based Handover
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Figure 6.5.2.2-1: Enhanced N2 based handover 
The procedure reuse existing N2 based handover, with the following characteristics:

1.  The UL/DL SN mapping relation between PDCP and GTP-U can be used for redundancy elimination, and if so the source RAN node needs to add the mapping relation when sending handover required and it is forwarded to target RAN node in step-5.
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 duplicate the downlink data and send to both source and target RAN node 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 handover command.
12a. The source RAN will send handover command to UE once it receives the indication for the start of redundant transmission and finishes the transmission of the packets received before the indication.

12b. Before the target DRBs are not established, the target RAN node cache the downlink data from UPF. As long as the target DRBs are established, the UL and DL data transmission will be performed.
13.
As long as the DRBs in target RAN node are established, 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 performs the redundancy elimination of DL data from source and/or target RAN node using the DL PDCP SN for URLLC QoS flow. UPF performs the redundancy elimination of UL data from RAN node using the GTP-U SN for URLLC QoS flow. 
NOTE-1: It is assumed there is a 1 to 1 mapping between DRB and URLLC QoS flow. The size of GTP-U SN and the size of PDCP SN are aligned.
NOTE-2: Since there may be a few UL/DL of packets transmitted between the HO triggering and target N3 tunnel established, the SN value will be increased comparing to the SN value when triggering HO, so the target RAN node needs to derive the DL PDCP SN and/or UL GTP-U SN value for the packets transmitted in the target path. 


15-16:
When receiving handover notify, the core network release the tunnel in source RAN side.

6.5.2.3
Enhanced Handover with Xn
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Figure 6.5.2.3-1: Enahnced handover with Xn 
The procedure reuse existing Xn based handover, with the following new features.

1-2.
When the handover in radio interface is ongoing, the source RAN node sends N2 message for handover to SMF to establish the secondary tunnel in target side for the PDU session. The 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.
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 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.
5.
Before the DRB is established, the target RAN node cache the downlink data from UPF.

6.
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.
NOTE-1: It is assumed there is a 1 to 1 mapping between DRB and URLLC QoS flow. The size of GTP-U SN and the size of PDCP SN are aligned.
NOTE-2: Since there may have been a few UL/DL of packets transmitted between the HO triggering and target N3 tunnel established, the SN value will be increased comparing to the SN value when triggering HO, so the target RAN node needs to derive the DL PDCP SN and/or UL GTP-U SN value for the packets transmitted in the target path. 


8-13.
When receiving path switch request, the core network release the N3 tunnel to source RAN. The target RAN node triggers the release of resources with the source RAN node if it confirms success of the handover by receiving the path switch request ACK.  
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.

6.5.3
Impact on existing entities and interfaces


UE:

For duplicated transmission during HO, 
· if redundancy elimination is performed in application layer, UE shall support this reordering in upper layer; or

· if redundancy elimination is performed in 3GPP layer, UE shall reorder the DL data using the DL PDCP SN.
NG-RAN:

For the source RAN node:
· If the packets redundancy elimination is performed in 3GPP layer, the source RAN node needs to notify the target RAN node the UL/DL SN mapping relation between PDCP and GTP-U. 
· The source RAN node does not perform data forwarding for URLLC QoS flow.
For the target RAN node:
· If the packets reordering is performed in 3GPP layer, the target RAN node needs to derive the UL GTP-U SN and DL PDCP SN based on the mapping relation received from source RAN node;
· Before the target DRBs are not established, the target RAN node cache the downlink data from UPF. As long as the target DRBs are established, the UL and DL data transmission will be performed.
SMF:

· Determine which PDU session or flow needs the “enhanced handover”.
· During HO procedure preparation, the SMF establishes the target N3 tunnel for PDU sessions marked as "enhanced handover" which sharing the same IP address with the original tunnel within the same PDU session.
UPF:
· When the target N3 tunnel is established, the UPF begins to duplicate the downlink data and send to both source and target RAN node simultaneously.
· UPF shall perform redundancy elimination of the UL data from RAN node using the GTP-U SN for URLLC QoS flow
3GPP
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