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1
Introduction
After a certain PDU session has been established and it is not splitted, NG-RAN can trigger the non-split PDU session to split PDU session. In this case, RAN can offload some QoS flow from MN to SN.

This paper provides a mechanism on PDU session transition from non-split to split.

2
Discussion
Previously, we have in principle agreed that during PDU session setup procedure, UPF always pre-allocates two UL NG-U tunnels for possible splitting PDU session. In case, UPF receive PDU session setup response message from MN including one DL GTP- U tunnel, UPF regrads that this PDU session is not splitted, then UPF should release additional UL NG-U tunnel.
Observation 1: SMF should remove additional UL NG-U tunnel for non-split PDU session after PDU session setup procedure.
For an exisiting non-split PDU session, MN can modify this PDU session into split PDU session by MN initiated SN modification procedure, SMF should allocate additional UL NG-U tunnel when PDU session from non-splitting to splitting.

Observation 2: SMF should allocate additional UL NG-U tunnel to RAN when PDU session from non-splitting to splitting.

In the following figure as an example, through RAN initiated PDU session modify indication procedure, as well as other Xn/Uu procedures, a non-splitting PDU session is splitted.
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1) Non-splitting PDU session resource setup procedure
Step 1a-1d, after this procedure, a non-split PDU session is setup in both 5GC and RAN. For this PDU session, AMF allocates an UL NG-U tunnel and gNB allocates a DL NG-U tunnel. Meanwhile, all QoS flows belonged to this PDU session are setup in MN (i.e, non-spliting PDU session).
For an example illustrated in figure 1, a PDU session has two QoS flow (named QF1 and QF2), both QF1 and QF2 are conveyed on DRB1.

2) PDU session is splitted at RAN (i.e., offload part of QoS flows to SN)
Step 2a, MN sends SN addition/modification request message to SN including exisiting UL NG-U tunnel. Meanwhile, part of QoS flows (e.g., QF1) are requested to move from MN to SN.
Step 2b, SN sends SN addition/modification response message to MN including DL NG-U tunnel at SN. 
In this example, MN requests QF1 offloading to SN, SN admits QF1 setup at SN and coveyed on DRB2 Then MN keeps QF2/DRB1 with new QF/DRB mapping in MN, SN establishes QF1/DRB2 at SN. 
3) UE configuration procedure
Step 3a-3c, accordingly, UE also offloads QF1 and convery on DRB2 to SN.  

When UE decides to stop QF1 UL data transmission at MN and start QF1 UL transmission at SN, UE will send End marker packet to MN. 
Step 3d, MN firstly sends all of QF1 UL data based on the End marker packet from UE, then MN sends an explicit indication to SN, e.g, UPF deliever start on Xn signalling, or QoS flow lever end marker on UP data. 
At the end, SN starts to transmit UL data to UPF through UL NG-U address (i.e., MN and SN share the same exisiting UL NG-U address at this phase).

4) PDU session is splitted at 5GC (i.e., additional UL/DL NG-U address used to part of QoS flow)
Step 4a: MN sends PDU session resource modify inidication messag to AMF incluing additional DL NG-U related to part of QoS flows offloading to SN (e.g., QF1).

Step 4b: AMF send PDU session resource modify confirm messag to MN including additional UL NG-U related to the additional DL NG-U address.
Step 4c: MN sends SN modification request message including additional UL NG-U address to SN

Through this RAN initiated PDU session resource modify inidication procedure, 5GC allocates two UL NG-U address and the PDU session is splitted. Some QoS flows from the PDU session are established at MN while the other QoS flows are established at SN.
Through MN initiated SN modification procedure, additional UL NG-U address is sent to SN.

Proposal 1: When RAN decides to change an exisiting non-splitting PDU session into splitting PDU session, the concerned PDU session is firstly splitted at RAN then splitted at 5GC.
Proposal 2: In order to guarantee UL data transmission in sequence between MN and SN, QoS flow lever endmarker shall be introduced at Uu interface and Xn interface. 
Proposal 3: In case of QoS flow offloading, RAN initiated PDU resource modify indication procedure shall be used.
The TP related Proppsal 3 can be seen as R3-184553 (Correction on PDU Session Resource Modify Inidcation procedure, ZTE).
3
Conclusion
We provide some observations and proposals as below.

Observation 1: SMF should remove additional UL NG-U tunnel for non-split PDU session after PDU session setup procedure.

Observation 2: SMF should allocate additional UL NG-U tunnel to RAN when PDU session from non-splitting to splitting.

Proposal 1: When RAN decides to change an exisiting non-splitting PDU session into splitting PDU session, the concerned PDU session is firstly splitted at RAN then splitted at 5GC.

Proposal 2: In order to guarantee UL data transmission in sequence between MN and SN, QoS flow lever endmarker shall be introduced at Uu interface and Xn interface.

Proposal 3: In case of QoS flow offloading, RAN initiated PDU resource modify indication procedure shall be used.
The TP related Proppsal 3 can be seen as R3-184553 (Correction on PDU Session Resource Modify Inidcation procedure, ZTE).
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