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The document proposes a solution for interworking between a legacy EPC and a NextGen Core to support service continuity of UE using a common mobility anchor.
1. Discussion
 In TR 23.799, the work task, IWM_WT_#1, of key issue #18: “Interworking and Migration” has been defined to identify interworking and migration scenarios that consider common aspects of NG RANs of option 2, 4, 5, and 7.
This contribution identifies an interworking scenario between a legacy EPC and a NextGen Core (NGC) which can be applied in common to NG RAN options above, and proposes a solution which minimizes changes in incumbent EPS networks.

1.1 Interworking scenario  
In general, the inter-RAT mobility of a UE can be supported by the network in two different ways of interworking between the legacy and the new system, i.e., RAN-level and CN-level interworking. The RAN-level interworking specifies inter-RAT handover procedures between an E-UTRAN and a NG RAN, which is mainly the scope of RAN WGs and should be dealt with by the RAN WGs. The CN-level interworking specifies interworking procedures between EPC and NGC by defining necessary functions and interfaces to transmit signalling messages and context information for inter-RAT mobility. The options 2, 4, 5, and 7 have commonality that they are attached to a NGC, and a CN-level interworking solution between the EPC and NGC can be defined to cover all the options.

[image: image1.emf]NG UE

NG RAN

(option 2,4,5,7)

NGC

E-UTRAN

EPC

CN-level Interworking

(can be common for NR-

RAN options)

Data Networks

NG UE

RAN-level Interworking

(can be different for NG-

RAN options)

UE moves between 4G 

and 5G cells


Figure 1-1 Interworking scenario
 Since the NextGen system can be deployed in a limited area during the initial stage of 5G deployment, changes on an incumbent 4G EPS system to support the interworking should be defined as minimal.
To avoid the dependency of NGC on EPC for interworking, the following design principles have been adopted for the design of a CN-level interworking solution:

  1. Minimize impacts on EPC for interworking
  2. Define a common IP anchor point to support service continuity for handovers
  3. Minimize overhead & complexity both on UE and the EPC/NGC
1.2 Network architecture for interworking with EPC
 The Figure 1-2, 1-3 shows the proposed network architecture for interworking with EPC. 
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Figure 1-2. Network architecture for interworking of NextGen Core and EPC (Support tunnelling with SGW)
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Figure 1-3. Architecture for inter-system interworking between NextGen Core and EPC (Support tunnelling with eNB)
 The following architectural assumptions have been considered in the solution:

   1. An NG UE supports the legacy NAS for EPC as well as the NG NAS for NGC. An NG UE attaches to E-UTRAN/EPC by using a legacy NAS or attaches to NG RAN/NextGen Core by using EPC NAS.
   2. An NG UE may have a single or dual radio connection(s) capability. 
   3. An NG UE has a single USIM and is associated with a common subscription database.
   4. The NGC supports legacy interfaces of the EPC for interworking.
   5. An User Plane Function (UPF) for anchoring an IP session(s) is selected and assigned in the NGC to support service continuity.
   6. Interfaces of the EPC and the E-UTRAN should not be changed. That is, the NGC provides necessary functionalities for interworking.
 In the proposed solution, an NG UE communicates with the EPC using the Rel-15 EPC NAS protocol to attach to the network in the E-UTRAN coverage area. An NG UE communicates with the NGC using the NGC NAS protocol to attach to the network in the NG-RAN coverage area. Regardless of the radio link used for the attachment, i.e., E-UTRAN or NG RAN, a common IP anchor in the NGC-UP shall be assigned during the network entry procedure of the NG UE. To enable the allocation of a common IP anchor, for the SGW-tunnelling model (Figure 1-2), MME selects a P-GW-Control functionality in NGC-CP if the NG UE indicates 5G capability in a NAS message during the initial attachment. MME sends the information of PGW-Control functionality in NGC-CP to SGW. The SGW sends a signalling message (create session request) to the NGC-CP over the S5-C interface, to request the assignment of a common IP anchor (P-GW-UP) and get a TEID for the default PDN connection. The user packets shall be sent over the S5-U interface while the NG UE resides in the LTE coverage. Alternatively, for the eNB-tunnelling model (Figure 1-3), MME selects an SGW-Control functionality in NGC-CP if the NG UE indicates 5G capability in a NAS message during the initial attachment. The MME sends a signalling message (create session request) to the NGC-CP over the S11 interface, to request the assignment of a common IP anchor (S-GW-UP) and get a TEID for the default PDN connection. In the case, the user packets shall be sent over the S1-U interface while the NG UE resides in the LTE coverage.
 When the NG UE moves into a coverage area of an NG RAN and switches the radio interface from the E-UTRAN to the NG RAN, NG UE shall include the MME information in a NGC NAS message during the attachment to NGC. NGC-CP sends a signalling message to MME to request UE context information by reusing an MME relocation procedure defined for the EPC. The MME shall maintain the UE context information for an NG UE with dual radio capability after sending the context information to NGC-CP, if the dual transmission mode (i.e., activation of E-UTRAN and NG RAN at the same time) for the NG UE is enabled.
 In the case of UE mobility from an NG RAN to an E-UTRAN coverage, the similar procedures to transfer the UE context information from an NGC-CP to an MME are proposed. During attachment procedures, the NG UE sends the NGC-CP information (e.g., information similar to GUTI) to an MME to help the MME retrieve the UE context information from the NGC-CP.
1.3 Support of a dual radio capability UE
For the case of dual connections to both E-UTRAN and NG RAN, following additional features can be provided:

  1. Fast handover between EPC/E-UTRAN and NGC/NG RAN using a make-before-break style inter-RAT handover scheme
  2. RAT selection for user traffic between EPC/E-UTRAN and NGC/NG RAN 
  3. Aggregation of user traffic transmitted over EPC/E-UTRAN and NGC/NG RAN 
2. Proposal

It is proposed to include a solution in TR 23.799 as follows.

***** Start of Change # 1 *****

6.18
Solution for Key Issue 18: Interworking and Migration

6.18.1
Solution 18.1 : Interworking between NextGen Core and EPC 
 The subsection introduces a solution for interworking between a NextGen Core (NGC) and a legacy EPC which can be applied in common to NG RAN options and minimizes changes in incumbent EPS networks.
 The solution supports the interworking scenarios which can occurs during the following migration scenarios:
1) LTE/EPC -> Option 2 / Option 4 
2) LTE/EPC -> Option 2 -> Option 4
3) LTE/EPC -> Option 7 (Option 5) -> Option 2 / Option 4 
4) LTE/EPC -> Option 3 -> Option 2 / Option 4 
5) LTE/EPC -> Option 3 -> Option 7 (Option 5)-> Option 2 / Option 4


 
6.18.1.1
Architecture description

 In this solution, an NG-UE is capable of supporting EPC NAS and NGC NAS. The EPC and the NextGen Core share a common subscriber repository. An NG-UE supports single or dual radio connection(s) to EPC and NextGen Core. That is, a single-radio NG UE might be able to camp on either E-UTRAN or NG RAN by using EPC NAS or NGC NAS, respectively. A dual-radio NG UE might be able to camp on both E-UTRAN and NG RAN simultaneously. For both EPC and NextGen Core attachment scenarios, NGC-UP has the role of IP anchoring point. For supporting interworking with minimal impact on the legacy EPC side, NGC-UP and NGC-CP should support legacy interfaces for EPC when NextGen Core communicates with EPC (e.g., for session management, NextGen Core supports S5-U/C and S10 interfaces in the SGW-tunnelling model).

 Figure 6.18.1.1-1 and 6-18.1.1-2 depict architectures for inter-system interworking between NextGen Core and EPC. In the SGW-tunnelling model (Figure 6.18.1.1-1), NGC-UP provides the functionalities of user plane of P-GW, and NGC-CP provides the functionalities of MME and of control plane of P-GW. In the eNB-tunnelling model, NGC-UP provides the functionalities of user plane of S-GW, and NGC-CP provides the functionalities of MME and of control plane of S-GW.
NOTE: Data networks may include internet, IMS etc.
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Figure 6.18.1.1-1: Architecture for inter-system interworking between NextGen Core and EPC (Direct tunnelling with SGW)
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Figure 6.18.1.1-2: Architecture for inter-system interworking between NextGen core and EPC (Direct tunnelling with eNB)
 The following architectural assumptions have been considered in the solution:

   1. An NG UE supports NAS for EPC as well as NAS for NGC. An NG UE attaches to E-UTRAN/EPC by using a legacy NAS or attaches to NG RAN/NextGen Core by using EPC NAS.
   2. An NG UE may have a single or dual radio connection(s) capability. 

   3. An NG UE has a single USIM and is associated with a common subscription database.
   4. The NGC supports legacy interfaces of the EPC for interworking.
   5. An User Plane Function (UPF) for anchoring an IP session(s) is selected and assigned in the NGC to support service continuity.

   6. Interfaces of the EPC and the E-UTRAN should not be changed. That is, the NGC provides necessary functionalities for interworking.

 In the proposed solution, an NG UE communicates with the EPC using the Rel-15 EPC NAS protocol to attach to the network in the E-UTRAN coverage area. An NG UE communicates with the NGC using the NGC NAS protocol to attach to the network in the NG-RAN coverage area. Regardless of the radio link used for the attachment, i.e., E-UTRAN or NG RAN, a common IP anchor in the NGC-UP shall be assigned during the network entry procedure of the NG UE. To enable the allocation of a common IP anchor, MME selects a P-GW-Control functionality in NGC-CP if the NG UE indicates 5G capability in a NAS message during the initial attachment. MME sends the information of PGW-Control functionality in NGC-CP to SGW. The SGW sends a signalling message (create session request) to the NGC-CP over the S5-C interface, to request the assignment of a common IP anchor (P-GW-UP) and get a TEID for the default PDN connection. The user packets shall be sent over the S5-U interface while the NG UE resides in the LTE coverage. Alternatively, for the eNB-tunnelling model (Figure 1-3), MME selects an SGW-Control functionality in NGC-CP if the NG UE indicates 5G capability in a NAS message during the initial attachment. The MME sends a signalling message (create session request) to the NGC-CP over the S11 interface, to request the assignment of a common IP anchor (S-GW-UP) and get a TEID for the default PDN connection. In the case, the user packets shall be sent over the S1-U interface while the NG UE resides in the LTE coverage.
 When the NG UE moves into a coverage area of an NG RAN and switches the radio interface from the E-UTRAN to the NG RAN, NG UE shall include the MME information in a NGC NAS message during the attachment to NGC. NGC-CP sends a signalling message to MME to request UE context information by reusing an MME relocation procedure defined for the EPC. The MME shall maintain the UE context information for an NG UE with dual radio capability after sending the context information to NGC-CP, if the dual transmission mode (i.e., activation of E-UTRAN and NG RAN at the same time) for the NG UE is enabled.

 In the case of UE mobility from an NG RAN to an E-UTRAN coverage, the similar procedures to transfer the UE context information from an NGC-CP to an MME are proposed. During attachment procedures, the NG UE sends the NGC-CP information (e.g., information similar to GUTI) to an MME to help the MME retrieve the UE context information from the NGC-CP.

 For the case of dual connections in which an NG UE is connected to both E-UTRAN and NG RAN, additional features can be provided. For an NG UE with the dual radio capability, an additional procedure to enable a fast handover between EPC/E-UTRAN and NGC/NG RAN can be defined in a make-before-break style. That is, an additional radio link and core network connection can be set up for the NG UE while the NG UE is attached to another radio link and core network. The RAT selection functionality for user traffic between EPC/E-UTRAN and NGC/NG RAN can be provided for a dual radio NG UE. When a new data flow is set up for NG UE which is connected to both EPC/E-UTRAN and NGC/NG RAN, the best RAT to support the flow can be decided based on network policy, user subscription, and network load, etc. Aggregation of user traffic transmitted over EPC/E-UTRAN and NGC/NG RAN can also be supported for a dual radio NG UE. The transmission path for data packets of a flow can be dynamically selected between E-UTRAN and NG RAN, and packets received from the NG UE over the E-UTRAN and the NG RAN can be aggregated at UPF in the network.

6.18.1.2
Function description
For mobility and session management mechanisms in interworking between EPC/E-UTRAN and NGC/NG RAN, the proposed architecture defines the following functions for NGC-CP and NGC-UP;

1.

1.
NGC-UP is IP anchor point for an NG UE which may connect to EPC and/or NGC using LTE and/or NR. The IP session(s) shall be anchored in NGC-UP when the NG UE moves between EPC/E-UTRAN and NGC/NG RAN.  

2.
NGC-CP provides a GUTI for interworking to MME so that MME can find corresponding NGC-CP by using the received GUTI information and acquire security context from the NGC-CP. Source system's security context can be reused for mutual authentication in the target system at least for some duration.

Editor's note: How to reuse source system's security context is responsibility of SA3.







6.18.1.2.1 NG UE Attachment to EPC

 Figure 6.18.1.2-1 describes an example of E-UETRAN attachment call flow for the case of the SGW-tunnelling. The overall call flow follows the same procedure as defined in TS 23.401-attach procedure. To setup a common anchor point in the NextGen Core, the procedure 2 and 3 are added.

Editor’s note: The call flow for NextGen Core attachment should be defined by following decisions of related KIs, e.g., KI 1 & 4, etc.
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Figure 6.18.1.2-1: E-UTRAN Attach Procedure for NG UE (Direct tunnelling with SGW)
1. Acquisition of IMSI, Authentication, NAS security Setup and Location Update procedures are conducted as in TS 23.401, step 1 to 11 of Figure 5.3.2.1-1.

2. For session establishment, MME sends a Session Information Request message to a NGC-UP to acquire both NGC-UP IP address and Session Management (SM) in NGC-CP IP address. 

3. The NGC-CP sends a Session Information Response which includes SM and NGC-UP IP addresses, respectively.

4. The NGC-UP is chosen from NGC-CP based on the APN, Request Type (HO or not) and PDN subscription contexts. Then a S-GW is selected by the MME based on S-GW selection function and the selected NGC-UP. The MME sends Create Session Request message to the S-GW. 

5. The S-GW sends a Create Session Request message adding S-GW address for the user plane and S-GW TEID for the user/control plane.

6. The NGC-CP establishes PDU session resources at selected NGC-UP.
7. The NGC-CP sends Create Session Response message to the S-GW.

8. The S-GW sends Create Session Response message to the MME.

9. Remain procedure for session establishment follows the step 17 to 26 of Figure 5.3.2.1-1 in TS 23.401.
 Figure 6.18.1.2-2 describes an example of E-UETRAN attachment call flow for the case of the eNB-tunnelling. The overall call flow follows the same procedure as defined in TS 23.401-attach procedure. To setup a common anchor point in the NextGen Core, the procedure 2 and 3 are added.

Editor’s note: The call flow for NextGen Core attachment should be defined by following decisions of related KIs, e.g., KI 1 & 4, etc.
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Figure 6.18.1.2-2: E-UTRAN Attach Procedure for NG UE (Direct tunnelling with eNB)

1. Acquisition of IMSI, Authentication, NAS security Setup and Location Update procedures are conducted as in TS 23.401, step 1 to 11 of Figure 5.3.2.1-1.

2. For session establishment, MME sends a Session Information Request message to a NGC-UP to acquire both NGC-UP IP address and Session Management (SM) in NGC-CP IP address. 

3. The NGC-CP sends a Session Information Response which includes SM and NGC-UP IP addresses, respectively.

4. The NGC-UP is chosen from NGC-CP based on the APN, Request Type (HO or not) and PDN subscription contexts. The MME sends Create Session Request message to the NGC-CP. 

5. The NGC-CP establishes PDU session resources at selected NGC-UP.

6. The NGC-CP sends Create Session Response message to the MME.

Remaining procedure for session establishment follows the step 17 to 26 of Figure 5.3.2.1-1 in TS 23.401.
6.18.1.2.2 Handover form NextGen Core/NG RAN to EPC/E-UTRAN
 Figure 6.18.1.2-3 describes the example call flow of handover from source NG RAN to target E-UETRAN for the case of the SGW-tunnelling. The overall call flow follows the same procedure as defined in TS 23.401-S1-based handover procedure. NGC-CP and MME act as source MME and target MME, respectively. 
NOTE: In the case of a dual radio/dual attach scenario, Delete Session procedures (step 19-21 of Figure 5.5.1.2.2-1 in TS 23.401) can be omitted.
NOTE: The handover call flow from E-UTRAN to NG RAN can be defined by a similar procedure to this call flow, and may refer to Figure 5.5.1.2.2-1 of TS 23.401.
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Figure 6.18.1.2-3: Handover Procedure from NG RAN to E-UTRAN (Direct tunnelling with SGW)
1-19: Handover procedures are performed as defined in TS 23.401 (step 1 to 21 of Figure 5.5.1.2.2-1:S1-based handover).
 Figure 6.18.1.2-4 describes the example call flow of handover from source NG RAN to target E-UETRAN in the case of the eNB-tunnelling. The overall call flow follows the same procedure as defined in TS 23.401-S1-based handover procedure. NGC CP and MME act as source MME and target MME, respectively. 
NOTE: In the case of a dual radio/dual attach scenario, Delete Session procedures (step 19-21 of Figure 5.5.1.2.2-1 in TS 23.401) can be omitted.
NOTE: The handover call flow from E-UTRAN to NG RAN can be defined by a similar procedure to this call flow, and may refer to Figure 5.5.1.2.2-1 of TS 23.401.
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Figure 6.18.1.2-4: Handover Procedure from NG RAN to E-UTRAN (Direct tunnelling with eNB)
1-19: Handover procedures are conducted as in TS 23.401, step 1 to 21 of Figure 5.5.1.2.2-1:S1-based handover.
6.18.1.3
Solution evaluation 
Editor's note: This clause will contain evaluation on the system impacts, e.g., UE, access network and non-access network.
***** End of Change # 1 *****
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