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Abstract of the contribution: Provides an overview of cases in reference to N-2 based 5G to 5G handover scenarios. 
BACKGROUND
This pCR provides an overview of high level view user plane path change during an N2-based handover. The pCR in document in S3i230531 is a prequel to this pCR. 
PROPOSAL

Incorporate the following to the TR 33.929.
** New Text **

8.3
Handover related flow diagrams 

8.3.1
Introduction

8.3.2
Xn-based handover flows 

8.3.3
N2-based handover flows 

8.3.3.1
Overview

8.3.3.1.1
General

The N2 is an interface between the NG-RAN and the AMF. As described in TS 23.502 [11] clause 4.9.1.3, the N2-based handover has to be used when there is no Xn connectivity between the NG-RANs involved in the handover. This procedure is also needed for inter-AMF mobility. 
Handover procedures apply to all QoS flows in the PDU session. The QoS flows that are not handed over are released, The CC interception happens in the anchor UPF in the non-roaming case. 

During handover to maintain the data flow continuity, the DL data may be forwarded from the old NG-RAN to the NG-RAN. 

Depending on the UPF relocation needs, whether or not a separate intermediate UPF is used for DL data forwarding, several scenarios can happen. 
8.3.3.1.2
Direct DL data forwarding (non-roaming) 
In all the illustrations shown in this clause, the DL data forwarding happens directly from source NG-RAN to target NG-RAN. The CC interception in these cases always happen in the anchor UPF.
Scenario 1
The figure 8.3.3.1.2-1 shows the initial (i.e. before the handover), during the DL data forward (with direct DL data forwarding) and the final (after the successful handover) user-plane packet flow. This is for a non-roaming scenario. There are no intermediate UPFs in this case. 


[image: image1.emf]UE

S-NG-RAN

T-NG-RAN

UPF 

1

2

DN

UE

S-NG-RAN

T-NG-RAN

UPF 

1

2

3

4

4-a

DN

UE

S-NG-RAN

T-NG-RAN

UPF 

3

4

DN


Figure 8.3.3.1.2-1: User plane packet flow during handover direct DL data forward (non-roaming) – case 1

The detailed flow diagrams that depict the above scenario are illustrated in clause 8.3.3.2.2. 

Scenario 2
The figure 8.3.3.1.2-2 shows the initial (i.e. before the handover), during the DL data forward (with direct DL data forwarding) and the final (after the successful handover) user-plane packet flow when there is an intermediate UPF present, the relocation of the same does not happen during the handover. This intermediate UPF is shown as S-UPF in figure 8.3.3.1.2-2. 
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Figure 8.3.3.1.2-2: User plane packet flow during handover direct DL data forward (non-roaming) – case 2

Scenario 3
The figure 8.3.3.1.2-3 shows the initial (i.e. before the handover), during the DL data forward (with direct DL data forwarding) and the final (after the successful handover) user-plane packet flow when there is an intermediate UPF present after the handover. This intermediate UPF is shown as T-UPF in figure 8.3.3.1.2-3 This is for a non-roaming scenario.
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Figure 8.3.3.1.2-3: User plane packet flow during handover direct DL data forward (non-roaming) – case 3

Scenario 4
The figure 8.3.3.1.2-4 shows the initial (i.e. before the handover), during the DL data forward (with direct DL data forwarding) and the final (after the successful handover) user-plane packet flow when there is an intermediate UPF present which changes during the handover. The intermediate UPFs are shown as S-UPF (before the handover) and T-UPF (after the handover) in figure 8.3.3.1.2-4. 
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Figure 8.3.3.1.2-4: User plane packet flow during handover direct DL data forward (non-roaming) – case 4
The detailed flow diagrams that depict the above case are illustrated in clause 8.3.3.3.2. 
8.3.3.1.3
Direct DL data forwarding (home-routed roaming, LI in VPLMN) 

In all the illustrations shown in this clause, the DL data forwarding happens directly from source NG-RAN to target NG-RAN. The CC interception in these cases always happen in the V-UPF. 
Scenario 1

The figure 8.3.3.1.3-1 shows the initial (i.e. before the handover), during the DL data forward (with direct DL data forwarding) and the final (after the successful handover) user-plane packet flow. The V-UPF remains the same after the handover. 
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Figure 8.3.3.1.3-1: User plane packet flow during handover direct DL data forward (roaming, LI in VPLMN) – case 1

Scenario 2
The figure 8.3.3.1.3-2 shows the initial (i.e. before the handover), during the DL data forward (with direct DL data forwarding) and the final (after the successful handover) user-plane packet flow when the V-UPF changes during the handover. 
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Figure 8.3.3.1.3-2: User plane packet flow during handover direct DL data forward (roaming, LI in VPLMN) – case 2

8.3.3.1.4
Direct DL data forwarding (home-routed roaming, LI in HPLMN) 

In all the illustrations shown in this clause, the DL data forwarding happens directly from source NG-RAN to target NG-RAN. The CC interception in these cases always happen in the H-UPF. 

Scenario 1

The figure 8.3.3.1.4-1 shows the initial (i.e. before the handover), during the DL data forward (with direct DL data forwarding) and the final (after the successful handover) user-plane packet flow. The V-UPF remains the same after the handover. 
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Figure 8.3.3.1.4-1: User plane packet flow during handover direct DL data forward (roaming, LI in HPLMN) – case 1
Scenario 2
The figure 8.3.3.1.4-2 shows the initial (i.e. before the handover), during the DL data forward (with direct DL data forwarding) and the final (after the successful handover) user-plane packet flow when the V-UPF changes during the handover. 
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Figure 8.3.3.1.4-2: User plane packet flow during handover direct DL data forward (roaming, LI in HPLMN) – case 2
8.3.3.1.5
Indirect DL data forwarding (non-roaming)
In all the illustrations shown in this clause, indirect DL data forwarding happens. The CC interception is always done at the anchor UPF. 

Scenario 1

The figure 8.3.3.1.5-1 shows the initial (i.e. before the handover), during the DL data forward (with indirect DL data forwarding) and the final (after the successful handover) user-plane packet flow without an UPF relocation. An intermediate UPF (shown as T-UPF (I)) is used for DL data forwarding. 
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Figure 8.3.3.1.5-1: User plane packet flow during handover indirect DL data forward (non-roaming) – case 1

Scenario 2
The figure 8.3.3.1.5-2 shows the initial (i.e. before the handover), during the DL data forward (with indirect DL data forwarding) and the final (after the successful handover) user-plane packet flow when there is an intermediate UPF present, the relocation of the same does not happen during the handover. This intermediate UPF is shown as S-UPF in figure 8.3.3.1.5-2. 
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Figure 8.3.3.1.5-2: User plane packet flow during handover indirect DL data forward (non-roaming) – case 2

Scenario 3
The figure 8.3.3.1.5-3 shows the initial (i.e. before the handover), during the DL data forward (with indirect DL data forwarding) and the final (after the successful handover) user-plane packet flow when there is an intermediate UPF present, the relocation of the same does not happen during the handover. This intermediate UPF is shown as S-UPF in figure 8.3.3.1.5-3. A separate intermediate UPF (shown as S-UPF (I)) is used for DL data forwarding. 
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Figure 8.3.3.1.5-3: User plane packet flow during handover indirect DL data forward (non-roaming) – case 3

Scenario 4
The figure 8.3.3.1.5-4 shows the initial (i.e. before the handover), during the DL data forward (with indirect DL data forwarding) and the final (after the successful handover) user-plane packet flow when there is an UPF relocation in the sense an intermediate UPF is present after the handover. This intermediate UPF is shown as T-UPF in figure 8.3.3.1.5-4. 
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Figure 8.3.3.1.5-4: User plane packet flow during handover indirect DL data forward (non-roaming) – case 4
Scenario 5
The figure 8.3.3.1.5-5 shows the initial (i.e. before the handover), during the DL data forward (with indirect DL data forwarding) and the final (after the successful handover) user-plane packet flow when there is an UPF relocation in the sense an intermediate UPF is present after the handover. This intermediate UPF is shown as T-UPF in figure 8.3.3.1.5-5. A separate intermediate UPF (shown as T-UPF (I) is used for DL data forwarding. 
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Figure 8.3.3.1.5-5: User plane packet flow during handover indirect DL data forward (non-roaming) – case 5

Scenario 6
The figure 8.3.3.1.5-6 shows the initial (i.e. before the handover), during the DL data forward (with indirect DL data forwarding) and the final (after the successful handover) user-plane packet flow when there is an intermediate UPF present which changes during the handover. The intermediate UPFs are shown as S-UPF (before the handover) and T-UPF (after the handover) in figure 8.3.3.1.5-6. 
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Figure 8.3.3.1.5-6: User plane packet flow during handover indirect DL data forward (non-roaming) – case 6
The detailed flow diagram that depicts the above scenario is illustrated in clause 8.3.3.4.2.

Scenario 7
The figure 8.3.3.1.5-7 shows the initial (i.e. before the handover), during the DL data forward (with indirect DL data forwarding) and the final (after the successful handover) user-plane packet flow when there is an intermediate UPF present which changes during the handover. The intermediate UPFs are shown as S-UPF (before the handover) and T-UPF (after the handover) in figure 8.3.3.1.5-7. In this illustration, two separate intermediate UPFs (shown as S-UPF (I) and T-UPF ((I)) are used for DL data forwarding. 
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Figure 8.3.3.1.5-7: User plane packet flow during handover indirect DL data forward (non-roaming) – case 7
8.3.3.1.6
Indirect DL data forwarding (home-routed roaming, LI in VPLMN)
In all the illustrations shown in this clause, indirect DL data forwarding happens. The CC interception is done in V-UPF 
Scenario 1

The figure 8.3.3.1.6-1 shows the initial (i.e. before the handover), during the DL data forward (with indirect DL data forwarding) and the final (after the successful handover) user-plane packet flow. Here, the same V-UPF is used before and after the handover. 
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Figure 8.3.3.1.6-1: User plane packet flow during handover indirect DL data forward (roaming, LI in VPLMN) – case 1

Special care has to be taken in the V-UPF not to intercept the user plane packets that flow through the DL data forwarding tunnel. 

Scenario 2
The figure 8.3.3.1.6-2 shows the initial (i.e. before the handover), during the DL data forward (with indirect DL data forwarding) and the final (after the successful handover) user-plane packet flow. Here, the same V-UPF is used before and after the handover. A separate intermediate UPF (shown as S-UPF (I)) is inserted for DL data forwarding. 
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Figure 8.3.3.1.6-2: User plane packet flow during handover indirect DL data forward (roaming, LI in VPLMN) – case 2

Scenario 3
The figure 8.3.3.1.6-3 shows the initial (i.e. before the handover), during the DL data forward (with indirect DL data forwarding) and the final (after the successful handover) user-plane packet flow. Here, the V-UPF relocation happens during the handover. 
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Figure 8.3.3.1.6-3: User plane packet flow during handover indirect DL data forward (roaming, LI in VPLMN) – case 3
Special care has to be taken in both V-UPFs not to intercept the user plane packets that flow through the DL data forwarding tunnel. The detailed flow diagrams depicting this scenario is illustrated in clause 8.3.3.5.2. 
Scenario 4
The figure 8.3.3.1.6-4 shows the initial (i.e. before the handover), during the DL data forward (with direct DL data forwarding) and the final (after the successful handover) user-plane packet flow. Here, the V-UPF changes during the handover. In this illustration, two separate intermediate UPFs (shown as S-UPF (I) and T-UPF (I)) are used for DL data forwarding. 
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Figure 8.3.3.1.6-4: User plane packet flow during handover indirect DL data forward (roaming, LI in VPLMN) – case 4
8.3.3.1.7
Indirect DL data forwarding (home-routed roaming, LI in HPLMN)

In all the illustrations shown in this clause, indirect DL data forwarding happens. The CC interception is done in H-UPF 

Scenario 1

The figure 8.3.3.1.7-1 shows the initial (i.e. before the handover), during the DL data forward (with indirect DL data forwarding) and the final (after the successful handover) user-plane packet flow. Here, the same V-UPF is used before and after the handover. 
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Figure 8.3.3.1.7-1: User plane packet flow during handover indirect DL data forward (roaming, LI in HPLMN) – case 1
Scenario 2
The figure 8.3.3.1.7-2 shows the initial (i.e. before the handover), during the DL data forward (with indirect DL data forwarding) and the final (after the successful handover) user-plane packet flow. Here, the same V-UPF is used before and after the handover. A separate intermediate UPF (shown as S-UPF (I)) is inserted for DL data forwarding. 
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Figure 8.3.3.1.7-2: User plane packet flow during handover indirect DL data forward (roaming, , LI in HPLMN) – case 2
Scenario 3
The figure 8.3.3.1.7-3 shows the initial (i.e. before the handover), during the DL data forward (with indirect DL data forwarding) and the final (after the successful handover) user-plane packet flow. Here, the V-UPF relocation happens during the handover. 
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Figure 8.3.3.1.7-3: User plane packet flow during handover indirect DL data forward (roaming, , LI in HPLMN) – case 3
The detailed flow diagrams depicting this scenario is illustrated in clause 8.3.3.5.3. 

Scenario 4
The figure 8.3.3.1.7-4 shows the initial (i.e. before the handover), during the DL data forward (with direct DL data forwarding) and the final (after the successful handover) user-plane packet flow. Here, the V-UPF changes during the handover. In this illustration, two separate intermediate UPFs (shown as S-UPF (I) and T-UPF (I)) are used for DL data forwarding. 
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Figure 8.3.3.1.7-4: User plane packet flow during handover indirect DL data forward (roaming, LI in HPLMN) – case 4
** End of New Text **
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