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1 Introduction 
It is agreed in TR 23.734 conclusion to discuss the ability to avoid dropped packets during the normative phase.
It is agreed to allow discussions for following aspects during the normative phase:
1.	the ability to avoid dropped packets;
Solution #20 and #21 are the conclusion solutions to support service continuity between public PLMN and non-public network via N3IWF-like gateway. This solution works well for dual radio UE since the UE can release the connection in the source network after it establish the connection in the target network (the same as nowadays UE supports 3GPP and non-3GPP with dual radios). 
For single radio UE, this solution only provides IP preservation. The UE needs to release the connection in the source network before establishing the connection in the target network. The interruption time during handover includes the time for initial registration in the target network, the PDU session establishment and IPSec tunnel establishment with the N3IWF in the source network. Meanwhile, many DL packets may be lost so this mechanism works worse than the dual radio UE scenario (e.g. handover between 3GPP and non-3GPP access networks). This does not meet the requirement of “service continuity”. See the definition and requirement of service continuity in TS 22.261:
Service Continuity: The uninterrupted user experience of a service that is using an active communication when a UE undergoes a radio access technology change or a CS/PS domain change without, as far as possible, the user noticing the change. 
[bookmark: _Toc525306139][bookmark: _Toc312156628]6.2.3	Service continuity requirements
The 5G system shall enable packet loss to be minimized during inter- and/or intra- access technology changes for some or all connections associated with a UE. 
[bookmark: OLE_LINK26]The 5G system shall minimize interruption time during inter- and/or intra- access technology mobility for some or all connections associated with a UE.
NOTE:	The interruption time includes all delays which have impact on service continuity.
For applications that require the same IP address during the lifetime of the session, the 5G system shall enable maintaining the IP address assigned to a UE when moving across different cells and access technologies for connections associated with a UE.
The 5G system shall enable minimizing impact to the user experience (e.g., minimization of interruption time) when changing the IP address and IP anchoring point for some or all connections associated with a UE.

Moreover, some SNPN service may require seamless service continuity, for example, AGV communication signaling transfer. Therefore, seamless service continuity should be support during handover between 3GPP PLMN and SNPN according to the above requirement in SA1.

2 Discussion
To support service continuity between PLMN and SNPN, a solution is needed to reduce handover latency and the lost of packets. Figure 1 below describes a solution in the scenario when the UE moves from the PLMN to SNPN and service continuity for PLMN service is maintained.
[image: ]
To reduce handover latency, the following steps can be performed:
When the UE is in PLMN A, it performs the following steps before handover happens:
1. Registration in the SNPN via the SNPN N3IWF. 
2. Registration in the PLMN A via the PLMN N3IWF.
When the UE moves to SNPN, it performs 
3. MOBIKE to update the IPSec with the PLMN N3IWF.

To reduce packet loss during handover procedure, the following steps can be performed:
4. Before moving to the SNPN, the UE performs establishment of the PDU session via the PLMN N3IWF. This step is the pre-condition of step 5 and 6 below.
5. The N3IWF caches the DL data of this PDU session.
6. Establish an indirect data forwarding tunnel between the gNB and the N3IWF (gNB-UPF-N3IWF).

The remaining part of this section provides more detailed description of the steps above.
1. Registration in the SNPN via the SNPN N3IWF. 
The UE performs registration procedure as described in TS 23.502 clause 4.12.2.2. 
2.  Registration in the PLMN A via the PLMN N3IWF.
The UE performs registration procedure as described in TS 23.502 clause 4.12.2.2. 
3.  Use MOBIKE to update the IPSec with the PLMN N3IWF.
The UE performs this step as described in IETF RFC4555.

4.  Establishment of the PDU session via the PLMN N3IWF.
The UE performs PDU session establishment procedure as described in TS 23.502 clause 4.12.5, indicating “existing PDU session” in the NAS PDU session establishment request as per Rel-15 specification. 
5.  The N3IWF caches the DL data received from the UPF of this PDU session;
The N3IWF needs to support data cache functionality. This is an existing functionality supported in other 5GC network elements like UPF.
After the UE moves to the SNPN, and after Step 3, the N3IWF sends the cached DL data to the UE. The UE needs to correctly merge the cached data packet flow with the new received data packet flow received from the target network.
This step helps to reduce packet loss during handover.
6.  Establish an indirect data forwarding tunnel between the gNB and the N3IWF (gNB-UPF-N3IWF).
The indirect data forwarding tunnel establishment mechanism can be reused. The trigger of establishing may be different. In current mechanism, the UE reports the measurement report to the source gNB, if the source gNB decides to handover the UE to the target gNB, it sends handover required message to the AMF and includes the information for establishing indirect data forwarding tunnel. This mechanism can be reused but the trigger of establishment of the indirect data forwarding tunnel may need further consideration. Moreover, the gNB and the AMF needs to know that only indirect data forwarding tunnel is established and the actual handover procedure will be triggered by the UE.
This step helps to achieve no packet loss performance during handover.
3 Evaluation
In this section, we evaluate the following solutions:
A) solution #20 as described in TR 23.734.
B) Option A with steps 1, 2 and 3 as described above.
C) Option B with step 5 as described above.
D) Option C with step 6 as described above.
	Options
	UE impact
	RAN impact
	N3IWF impact
	5GC
	Performance

	A
	UE triggers the handover procedure, similar to handover between 3GPP and non-3GPP.
	N/A
	N/A
	N/A
	Long interruption time;
Potentially many packets are lost.
IP address reserved.

	B
	UE performs registration in the target network before actually moves to the target network.
	N/A
	N/A
	N/A
	Reduced interruption time; 
Potentially many packets are lost.
IP address reserved.

	C
	The UE needs to correctly merge the cached data packet flow with the one received from the target network.
	N/A
	Needs to supports DL packets cache.
	N/A
	Reduced interruption time; 
Reduced packet loss.
IP address reserved.

	D
	Depends on the modification of the mechanism for establishment of the indirect data forwarding tunnel.
	Existing data forwarding tunnel establishment mechanism (between gNB and AMF) during inter-gNB handover can be reused. 
However, the gNB knows that only indirect data forwarding tunnel is established.
	Needs to support establishment of the data forwarding tunnel with the gNB.
	N/A to the SMF and UPF. 
Reusing the existing data forwarding tunnel establishment mechanism, but the AMF knows that only indirect data forwarding tunnel is established.
	Reduced interruption time; 
No packets loss.
IP address reserved.



4 Proposal
It is proposed to discuss the above solutions.
It is proposed that during handover between PLMN and SNPN, time latency and packet loss need to be reduced for single radio UE.
It is proposed to adopt option D as the way forward to satisfy the requirement of service continuity. 
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