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Abstract of the contribution:
The Nx based mobility handling procedures are to be defined and captured in TS 23.502.
1
Discussion

As described in section 4.11.1.1 of TS 23.502, the 5GS to EPS handover using Nx interface procedure has be provided. The main idea is that the mapping EPS bearer context is provided to the UE and the PGW-C+SMF during PDU session establishment and GBR QoS flow establishment procedures. So when the UE handover from 5GS to EPS, the UE and PGW-C+SMF can using the received EPS bearer context locally. It is obvious that this mapped EPS bearer context can also be used in the 5GS to EPS TAU procedure. The UE can start to use the received EPS bearer context after received the TAU accept message.

But the EPS to 5GS handover using Nx interface procedure,  mobility from EPS to 5GS in idle state using Nx interface procedures are not provided yet, this contribution try to discussion how to do the EPS to 5GS handover using Nx interface.

Issue 1: Only voice service needs to support inter system handover with guaranteed QoS?
Some idea is mentioned that in order to simplify the QoS mapping, only IMS related QoS is supported during inter system handover, i.e.  1:1 mapping for similar QoS requirement between 4G and 5G system.

However, nowadays, except voice service, there are more and more emerging applications needs inter system handover with different, such as online games, real time video, AR and VR. If QoS support is only for IMS voice during the inter system handover, all these advanced/profitable service mentioned above have to run on the default bearer.  It’s obvious that the default bearer can’t meet the QoS requirement of various services. In that case, the users experience will be badly influenced, e.g. unexpected data delay. 
Observation 1: Dynamic QoS mapping has to be supported during the interworking between 4G and 5G.
Issue 2: How to perform QoS mapping during the handover procedure from 4G to 5G?
For QoS mapping from EPS to 5GS with Nx interface, there are 2 candidate solutions:

Solution 1:  
Similarly as 5G to 4G mapped QoS parameters, the QoS flow context is provide to the UE during PDN connection establishment and GBR EPS bearers establishment procedures. In order to minimize the modification in the EPS system, the 4G to 5G mapped QoS parameters shall be transported to the UE with existing message. Here is proposed to reuse the PCO to carry the 5G to 4G mapped QoS parameters.
Pros:  
- No impacts on MME and eNB 
- Consistent solution as 5G to 4G QoS mapping.           

Cons: 
- Enhancement on the content of PCO in 24.008 
- UE needs to store the 4G to 5G mapped QoS parameters for later usage.
Solution 2:

The 4G to 5G mapped QoS parameters are provide to the UE in handover command message. There are two sub-solutions to provide the QoS flow.

Sub-solution 2.1:

The 4G to 5G mapped QoS parameters are transferred to the UE as a standalone parameter during the handover command. The QoS parameters are transferred via CN entities with following orders:SMF->AMF-> MME->E-UTRAN->UE.
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Pros:
- None

Cons: 
- Impacts on MME, eNB.

- Impacts on RAN2.

- Impacts on UE 4G behaviors.
Sub-solution 2.2:

The 4G to 5G mapped QoS parameters are transferred to the UE by the target to source transparent container.

When the 5G receives the 4G to 5G mapped QoS parameters in step 5, the 5G RAN put 4G to 5G mapped QoS parameters into target to source transparent container. Then the UE gets the the 4G to 5G mapped QoS parameters from the target to source transparent container during step 13b, and provides to the NAS layer.
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Pros: 
- No impacts on MME
Cons: 
- RAN dependency, i.e. 5G RAN put 4G to 5G mapped QoS parameters into target to source transparent container.
- Impacts on UE 4G behaviors.
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Solution 2.1 has obvious impacts on multiple entities, it shall be ruled out.
Observation 2:  Both solution 1 and solution 2.2 are acceptable, it needs to further analysis the EPS to 5GS mobility procedure in idle state based on solution 1 and solution 2.2.
Issue 3: EPS to 5GS mobility procedure using Nx interface in idle state.
Solution A: Based on Solution 1:

The 4G to 5G mapped QoS parameters are already provided to the UE and the PGW-C+SMF during PDN connection establishment and GBR EPS bearer establishment procedures. The UE can start to use the received QoS parameters after received the registration accept message. 
No needs to provide other enhancement.
Pros: 
· No needs to provide other enhancement.

· Consistent solution as 5G to 4G QoS mapping.                

Cons: 
· The same with solution 1.

Solution B: Based on Solution 2.2:

The 4G to 5G mapped QoS parameters needs to be provided to the UE during registration procedure. The AMF needs to request each SMF to provide 4G to 5G mapped QoS parameters and sends to the UE in the registration accept message.

Pros:  
· No impacts on MME.

Cons: 
· Needs a new procedure.
· The registration message needs to be enhanced to take SM message.
· Not consistent solution as 5G to 4G QoS mapping.
Solution A is simpler than solution B. The solution A is derived from solution 1, so solution 1 is recommended.

Observation 3: Based on solution 1 to provide the 4G to 5G handover procedure.
2
 Proposal

It is proposed to adopt the following in TS 23.502. 

* * * * Begin Change * * * *
4.11.1
Handover procedures for single-registration mode
4.11.1.2
EPS to 5GS handover using Nx interface

Nx interface is used to provide seamless session continuity for single registration mode. Figure 4.11.1.2-1 describes the handover procedure from EPS to 5GS when Nx is supported.
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Figure 4.11.1.2-1: EPS to 5GS handover for single-registration mode with Nx interface

The procedure involves a handover to 5GS and setup of default and GBR QoS flows in 5GS in steps 1-19 and re-activation, if required, of other QoS flows in step 20.

For a UE in single-registration mode and has one or more ongoing PDN connections each including one or more EPS bearers. During PDN connection establishment and GBR EPS bearer establishment, QoS flows mapping and QoS flow IDs are allocated such that non-GBR EPS bearers map to default QoS flow (which is allocated an QoS flow ID) and QoS flow IDs are allocated for the GBR EPS bearers that are mapped to GBR QoS flows in 5GC. The QoS flow ID is allocated by the PGW-C+SMF. The QoS flow IDs and mapped QoS parameters for these QoS flows are provided to the UE in the PCO by the PGW-C+SMF. The mapped QoS parameters may be provided to PGW-C+SMF by the PCF+PCRF, if PCC is deployed. The mapped QoS parameters are stored in the UE and can be used to get QoS rules when the UE moved to the 5GS.
1.
E-UTRAN decides that the UE should be handed over to the 5G RAN. The E-UTRAN sends a Handover Required (Target 5G RAN ID, Source to Target Transparent Container) message to the MME.

2.
The MME determines from the 'Target 5G RAN Identifier' IE that the type of handover is Handover to 5G RAN. 
The MME selects an AMF and sends a Forward Relocation Request (MME UE context, Source to Target transparent container, target 5G RAN Identity) message.
3.  AMF to PGW-C+SMF: PDU Handover Request (PDU session ID, Target ID)

The AMF obtains the PDU session ID and PGW-C+SMF address from the MME UE context.

The AMF requests the PGW-C+SMF to provide SM Context. This step is performed with all PGW-C+SMFs allocated to the UE.
Editor's note:
This step should be aligned with intra 5GC inter-AMF handover.
Editor's note:
It’s FFS how to obtains the PDU session ID from the MME UE context.
NOTE:
In roaming scenario, the UE's SM EPS Contexts are obtained from the V-SMF.
4.
PGW-C+SMF to AMF: PDU Handover Response (PDU session ID, SM N2 info)
PGW-C+SMF response with SM N2 info mapped from EPS bearer contexts.
5.
AMF to 5G RAN: Handover Request (Source to Target transparent container, MM N2 info, SM N2 info list).
AMF determines 5G RAN based on Target ID. 

Source to Target transparent container is forwarded as received from E-UTRAN. MM N2 info includes e.g. security information and Handover Restriction List.

SM N2 info list includes SM N2 info from PGW-C+SMFs in the PDU Handover Response messages received in step 4.
6.
5G RAN to AMF: Handover Request Acknowledge (Target to Source transparent container, SM N2 response list, PDU sessions failed to be setup list).

The SM N2 response list includes, per each received SM N2 info and by PGW-C+SMF accepted PDU session for N2 Handover, a PDU session ID and an SM N2 response indicating the PDU session ID and if 5G RAN accepted the N2 Handover request for the PDU session. For each by 5G RAN accepted PDU session for N2 Handover, the SM N2 response includes N3 UP address and Tunnel ID of 5G RAN.
7.
If the AMF decides that indirect forwarding applies, it sends a Create Indirect Data Forwarding Tunnel Request (Target 5G RAN Address, TEID(s) for DL data forwarding) message to the PGW-C+SMF. The PGW-C+SMF returns a Create Indirect Data Forwarding Tunnel Response (Cause, PGW-C+SMF Address and PGW-C+SMF TEID for data forwarding) message to the target AMF.
8.  AMF to PGW-C+SMF: Modify PDU Request (PDU session ID, SM N2 response).

For each from 5G RAN received SM N2 response (included in SM N2 response list), AMF sends the received SM N2 response to the PGW-C+SMF indicated by the respective PDU Session ID.
9.  PGW-C+SMF modify the PGW-U+UPF.
Editor's note: The details of PGW-C+SMF and UPF interaction is FFS.
10. PGW-C+SMF to AMF: Modify PDU Response (PDU session ID).
This message is sent for each received Modify PDU Request message.

PGW-C+SMF performs preparations for N2 Handover by indicating N3 UP address and Tunnel ID of 5G RAN to the UPF if N2 Handover is accepted by 5G RAN. If N2 Handover is not accepted by 5G RAN, PGW-C+SMF deallocates N3 UP address and Tunnel ID of the selected UPF.

11. The AMF sends the message Forward Relocation Response (Cause, Target to Source Transparent Container, Serving GW change indication, EPS Bearer Setup List, AMF Tunnel Endpoint Identifier for Control Plane, Addresses and TEIDs).
Editor's note:
It is FFS how to get the EPS Bearer Setup List.

12.
If indirect forwarding applies, the MME sends the Create Indirect Data Forwarding Tunnel Request/Response.
13.
The MME sends the Handover Command to the E-UTRAN. The E-UTRAN commands the UE to handover to the target access network by sending the HO Command. This message includes a transparent container including radio aspect parameters that the target 5G RAN has set-up in the preparation phase. The UE correlates the ongoing EPS bearers with the indicated QoS flow IDs and Session IDs to be setup in the HO command. UE locally deletes the EPS bearers that do not have a QoS flow context assigned in the EPS bearer setup procedure.
14.
UE to 5G RAN: Handover Confirm.
After the UE has successfully synchronized to the target cell, it sends a Handover Confirm message to the 5G RAN. Handover is by this message considered as successful by the UE.
15. 5G RAN to AMF: Handover Notify.
Handover is by this message considered as successful in T-RAN.
16.
AMF to PGW-C+SMF: Handover Complete (PDU session ID).

Handover Complete is sent per each PDU Session to the corresponding PGW-C+SMF to indicate the success of the N2 Handover.

17.  PGW-C+SMF to AMF: Handover Complete Ack (PDU session ID).

PGW-C+SMF indicates to the selected UPF that downlink User Plane for the indicated PDU session may be switched to T-RAN. PGW-C+SMF confirms reception of Handover Complete.

Editor's note: The details of PGW-C+SMF and UPF interaction is FFS.
18. The AMF sends a Forward Relocation Complete Notification  message to the MME.
19.
The UE performs the Registration procedure with Registration type indicates "mobility registration update ".

20.
The PGW-C+SMF initiates QoS flow activation procedure for non-GBR EPS bearers by mapping the parameters of the non-GBR EPS bearers to QoS flow. This setup may be triggered by the PCRF+PCF which may also provide the mapped QoS parameters, if PCC is deployed. 
* * * * End Change * * * *
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