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1
Discussion
1.A
Architecture for IP anchor
Architectures shown in Figure 1 were proposed by solutions and the comment in SA2#117. Note that in order to focus on the functional split, interfaces towards the EPS are indicated as NGy and NGz, which may or may not correspond to the S5-U/S8-U and S5-C/S8-C, respectively, in the figure.
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(a) One-box alternative (Solution 18.4)
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(b) Two-box alternative (Solution 18.2)
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(c) Three-box alternative (commented in SA2#117)

Figure 1: Alternatives for IP anchor architecture.

We propose to agree on the two-box alternative for the following reasons:
-
The one-box alternative can be achieved by implementation even if the standard is the two-box alternative. Instead, it restricts the separation of control plane and user plane.
-
The three-box alternative requires relocation between PGW-C and SMF in case of EPC-NGC interworking. At least towards the EPS, this is not viewed as IP anchor preservation, i.e. the P-GW is changed. EPC needs to support a procedure for PGW-C relocation while maintaining PGW-U; large amount of impacts to the EPC is foreseen. See Annex.
Proposal 1: Two-box alternative should be adopted for architecture of the IP anchor.

1.B
Mobility procedure from EPC to NGC
In previous meeting some companies asked to keep as FFS whether support for handover from EPC to NGC is required. 

We assume that the justification to have handover specified only in one direction is that all LTE cells will connect to EPC and therefore EPC can provide “coverage” for as long as the UE is in connected mode. When the UE goes idle it can be relocated back to NGC.
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Figure 1: Handover from NGC to EPC and then back to NGC.
This though assumes that either all LTE cells that will be deployed at time of NGC becoming available, will offer also EPC connectivity (S1) or that NR cannot be used as "coverage" layer.
If these assumptions are not correct then it is possible that while in connected mode the UE may first move to E-UTRAN with EPC connectivity but then subsequently move to an area either through an evolved E-UTRA cell that is only offering NGC connectivity or NR cell. In either of these cases if there is no support for handover from EPC to NGC the UE session has to drop.
In short, we should not assume that the service area of NGS is a subset of that of EPS.
Proposal 2: Allow handover from EPC to NGC in standards, and as per previous proposals is also optional in UE and network.

1.C
Support for the EPC-NGC mobility procedures in the UE

In SA2#117 it was discussed whether handover procedures from NGC to EPC will be optional or mandatory in the UE. Even in EPC (e.g. NB-IOT) certain UEs do not support S1 handover procedures or SRVCC. We expect this to be the case also for NextGen and only a subset of UEs e.g. voice centric to require support for "single attach" handover procedures. Furthermore, some NG UEs may not even support EPC NAS.
Proposal 3: Support for single radio procedures from NGC to EPC (and vice versa) is optional in the UE

1.D
Idle mode mobility between NGC and EPC

There was no discussion in SA2 so far about idle mode mobility between NGC and EPC. Roughly speaking there are two options:
-
Option 1: UE is "single attached", UE does TAU (or equivalent) when it moves from NGC to EPC and vice versa, UE context is transferred between NGC and EPC with NGx interface
-
Option 2: UE is "dual attached", UE does TAU (or equivalent) OR handover Attach when it moves from NGC to EPC and vice versa, no UE context is transferred between NGC and EPC
If the UE does TAU (or equivalent), it is possible to cover both cases i.e. if the network supports context transfer (NGx) then TAU will succeed; but if it doesn't TAU will fail (unless dual attached) and UE will re-attach.

Proposal 4: For idle mode mobility, when NGx is supported by the network the UE performs TAU (or equivalent) when it moves from NGC to EPC (and vice versa).

Proposal 5: For idle mode mobility, when NGx is NOT supported by the network and the UE is "dual registered" in NGC and EPC, the UE performs TAU (or equivalent) or "handover Attach" when it moves from NGC to EPC (and vice versa). Whether "handover attach" or TAU will be used for this case will be decided in normative phase.
1.E
Support for dual radio/dual attach procedures

At the last meeting it was agreed that mobility procedures between NGC and EPC is optional (at least) on the network. It is possible (see Section 1.C) that mobility procedures will be also optional in the UE. As a result mobility procedures have to be defined in order to cover cases where either the UE or the network does not support handover between NGC and EPC. In TR 23.799 (see sol.18.4) there is a solution for support of "dual attach" between NGC and EPC but is also possible and closer to existing procedures e.g. for NB-IOT or inter-PLMN mobility that the UE does TAU instead of attach when it moves to EPC given the UE is already "registered" in EPC. The decision is then left to the network e.g. MME or MMF will "react" to this TAU for example it can trigger detach with re-attach required or simply accept the TAU and require the UE to re-establish the context e.g. EPS bearers in EPC.

Furthermore, this solution in 18.4 contains references to "dual radio" UEs which we believe fall into the domain of RAN WGs on whether in access stratum protocol they would allow simultaneous "Control Plane" (e.g. RRC) connectivity across two 3GPP RATs e.g. LTE and NR. 

It is therefore proposed:
Proposal 6: In normative phase, we will define procedures for UEs that are "dual registered" in NGC and EPC but do not support "single radio/single attach" handover. 

Proposal 7: Whether "dual radio UEs" that will support simultaneous connectivity to multiple 3GPP RATs will depend on radio capabilities that will be decided in RAN WGs.

2
Text proposal

It is proposed to reflect the changes shown below in TR 23.799.
***** Start of the text *****
8.11.1
Interim Agreements on EPC-NextGen Core interworking

Interim agreements for Key issue #18 EPC-NextGen Core interworking are as follows:

- 
The standard will define mobility procedures from NG Core to EPC and vice versa shall be able to support "single radio/single attach" UEs and achieve minimal service disruption.


-
Solution 18.2 is adopted as the basis for normative work.
- 
Support for these procedures in the UE and network is optional and is based on UE and network capabilities, respectively. 
-
For idle mode mobility when the NGx interface is supported between NG Core and EPC, the UE performs TAU (or equivalent) when it moves from NG Core to EPC (and vice versa).





- 
The standard will define mobility procedures from NG Core to EPC (and vice versa) for UEs that are "dual registered" in NG Core and EPC and no NGx interface is supported between NG Core and EPC. Whether "handover Attach" or TAU will be used by "dual registered" UEs when they move from NG Core to EPC (and vice versa) will be defined in normative phase.
***** End of the text *****
3
Annex
The Annex shows additional changes required to the signal flows in Solution 18.2, if we should support three-box alternative. The additional changes are highlighted.
***** Start of the text *****
6.18.2.1.2.3
Signalling flows

Figure 6.18.2.1.2.3-1 shows a signalling flow for handover from the EPS to the NGS.
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Figure 6.18.2.1.2.3-1: Signalling flow for handover from the EPS to the NGS.

1.
E-UTRAN decides that the UE should be handed over to the NG RAN. The UE PDU sessions are anchored in the NGC and the user plane PDU path includes the anchoring NGC UPF (TUPF), an EPC SGW supporting NGy, and E-UTRAN.

2.
The E-UTRAN sends a Handover Required (Target NG RAN Node ID, Source to Target Transparent Container) message to the MME.

3.
The MME selects an NGC CPF and sends a Relocation Request (Target NG RAN Node ID, Source to Target Transparent Container, MM and SM EPS UE Context) message to the selected NGC CPF.
Editor’s note: The NGC CPF needs to select the same NGC UPF/PGW-U that has been in the PDU path for the UE. For this the NGC CPF needs to obtain the NGC UPF/PGW-U information from the MME. How the MME obtain the NGC UPF/PGW-U information is FFS. For example, the MME may obtain the IP address of the NGC UPF/PGW-U from the PGW-C through the S-GW.
4.
The NGC CPF converts the received MM EPS UE Context into the NGS MM UE Context. The NGC CPF reconciles the SM NGS UE context(s) with the SM EPS UE Context (including EPS QoS information), since the NGC CPF function already has a UE SM context. The NGS UE Context includes the NG QoS Rules for NG RAN and NGC UPF(s).

Editor's note: It is FFS whether the NGC CPF performs mapping of EPS QoS information into NG QoS Rules or NGC CPF should interact with the NG PCF to derive NG QoS Rules. This will be clarified as NG policy framework becomes clear.

Editor’s note: How the NGS Security Context is derived is FFS.

5.
The NGC CPF may decides whether another NGC UPF should be selected in addition to the TUPF. If the traffic for at least one PDU session is home routed (i.e. the TUPF is in the HPLMN), then an NGC UPF is selected in the VPLMN.

Editor’s note: whether the traffic of all PDU sessions is routed via this new NGC UPF in the VPLMN, or only for the home routed PDU sessions, depends on the conclusions on the overall architecture. 


If the NGC CPF decides to put an additional NGC UPF between the NG RAN and the TUPF, the NGC CPF:

-
requests session modification towards the TUPF providing updated NG QoS Rules (step 5a);

-
receives the NG9/NG-RC UL Tunnelling Information from the TUPF (step 5a), if needed;

Editor's note: It is FFS whether the NGy UL Tunnelling Information can be reused and thus the providing NG9/NG-RC UL Tunnelling Information is not necessary.

-
requests session creation towards the additional NGC UPF including NG9/NG-RU UL Tunnelling Information (step 5b); and

-
receives the NG3 UL Tunnelling Information from the non-terminating NGC UPF (step 5b).


Otherwise, the NGC CPF requests session modification towards the TUPF including NG QoS Rules in the session creation request message (step 5a). The NGC UPF responds with the NG3 UL Tunnelling Information (step 5a).

6.
The NGC CPF sends a Handover Request (Source to Target Transparent Container, NG QoS Rules, NG3 UL Tunnelling Information) message to the NG RAN.


The NG RAN sends a Handover Request Acknowledge (Target to Source Transparent Container, NG3 DL Tunnelling Information for PDU Forwarding) to the NGC CPF.

Editor's note: Details on the PDU forwarding negotiation are FFS and are in the scope of other WGs (e.g. RAN3, CT4).

7.
If the NG RAN provided NG3 DL Tunnelling Information for PDU Forwarding, the NGC CPF requests forwarding tunnel creation to the NGC UPF (either TUPF or non-terminating UPF in case additional NGC UPF is selected in step 5). The NGC UPF responds to the forwarding tunnel creation request including NGC UPF-side NGy Tunnelling Information for PDU Forwarding.

8.
The NGC CPF sends a response message to the Relocation Request message (sent in step 3). The response message includes the Target to Source Transparent Container and may include the NGC UPF-side NGy Tunnelling Information for PDU Forwarding.

9.
If the Relocation Response message includes the NGC UPF-side NGy Tunnelling Information for PDU Forwarding, the MME sends a Create Indirect Data Forwarding Tunnel Request (NGC UPF-side NGy Tunnelling Information for PDU Forwarding) message to the SGW. The SGW sends a Create Indirect Forwarding Tunnel Response (S1 UL Tunnelling Information for PDU Forwarding)

10.
The MME sends a Handover Command (Target to Source Transparent Container, S1 UL Tunnelling Information for PDU Forwarding) message to the E-UTRAN.

11.
Towards the UE, the E-UTRAN commands handover to the NG RAN. The UE detaches from the E-UTRAN and synchronizes to the NG RAN.


The E-UTRAN forwards PDUs coming from the SGW to the NGC UPF using the S1 UL Tunnelling Information for PDU Forwarding, the SGW forwards the PDUs to the NGC UPF using the NGC UPF-side NGy Tunnelling Information for PDU Forwarding, and the NGC UPF forwards the PDUs to the NG RAN using the NG3 DL Tunnelling Information for PDU Forwarding.

Editor's note: It is FFS how the PDUs can be forwarded via NGy and mapped to QoS flows.

12.
The UE confirms handover to the NG RAN.

13.
The NG RAN notifies to the NGC CPF that the UE is handed over to the NG RAN. The notification message includes the NG3 DL Tunnelling Information.

14.
If the additional non-terminating NGC UPF was selected in step 5, the NGC CPF:

-
updates the non-terminating NGC UPF with the NG3 DL Tunnelling Information (step 14a);

-
receives the NG9/NG-RU DL Tunnelling Information (step 14b); and

-
updates the TUPF with the NG9/NG-RU DL Tunnelling Information (step 14b).


Otherwise, the NGC CPF updates the TUPF with the NG3 DL Tunnelling Information (step 14b).


The NGC CPF may inform NG PCF of the UE’s handover to the NG RAN. The NGC CPF may notify the MME that the relocation is complete and session/context in the EPS-side can be deleted. The location registration procedure can be performed.

Figure 6.18.2.1.2.3-2 depicts a signalling flow for handover from the NGS to the EPS.
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Figure 6.18.2.1.2.3-2 Signalling flow for handover from the NGS to the EPS.
1.
The NG RAN decides that the UE should be handed over to the E-UTRAN. The use plane PDU path includes the anchoring NGC UPF (TUPF), non-terminating NGC UPF (optional), and NG RAN.

2.
The NG RAN notifies the NGC CPF that handover is required. The notification message includes Target eNB ID, Source to Target Transparent Container.
3.
The NGC CPF selects an MME and sends a Relocation Request (Target eNB ID, Source to Target Transparent Container, NGS UE Context) message to the selected MME.
Editor’s note: The NGC CPF needs to provide the MME with the NGC UPF/PGW-U information. The MME needs to ensure that the PGW-C selects the same NGC UPF/PGW-U. How to achieve this is FFS. For example, the MME can provide the PGW-C with the IP address of the NGC UPF/PGW-U through the S-GW.
4.
The MME converts the received NGS UE Context into EPS UE Context.

Editor’s note: How the EPS Security Context is derived is FFS.
5.
The MME sends a Create Session Request (PDN Connection Information (including EPS Bearer Contexts)) message to the SGW and the SGW responds to the MME with a Create Session Response (S1 UL Tunnelling Information) message.

6.
The MME sends a Handover Request (Source to Target Transparent Container, E-RAB Contexts (including S1 UL Tunnelling Information)) message to the E-UTRAN.

E-UTRAN sends a Handover Request Acknowledge (Target to Source Transparent Container, S1 DL Tunnelling Information for PDU Forwarding) message to the MME.

Editor's note: Details on the PDU forwarding negotiation are FFS and are in the scope of other WGs (e.g. RAN3, CT4).
7.
If the E-UTRAN provided S1 DL Tunnelling Information for PDU Forwarding, the MME requests forwarding tunnel creation to the SGW. The SGW responds to the forwarding tunnel creation request including SGW-side NGy Tunnelling Information for PDU Forwarding.

8.
The MME sends a response message to the Relocation Request message (sent in step 3). The response message includes the Target to Source Transparent Container and may include the SGW-side NGy Tunnelling Information for PDU Forwarding.
9.
If the Relocation Response message includes the SGW-side NGy Tunnelling Information for PDU Forwarding, the NGC CPF requests forwarding tunnel creation towards the NGC UPF (either TUPF or non-terminating NGC UPF if available). The request message includes the SGW-side NGy Tunnelling Information for PDU Forwarding. The NGC UPF responds to the NGC CPF with the NG3 UL Tunnelling Information for PDU Forwarding.

10.
The NGC CPF sends a Handover Command (Target to Source Transparent Container, NG3 UL Tunnelling Information for PDU Forwarding) message to the NG RAN.
11.
Towards the UE, the NG RAN commands handover to the E-UTRAN. The UE detaches from the NG RAN and synchronizes to the E-UTRAN.


The NG RAN forwards PDUs coming from the NGC UPF to the NGC UPF using the NG3 UL Tunnelling Information for PDU Forwarding, the NGC UPF forwards the PDUs to the SGW using the SGW-side NGy Tunnelling Information for PDU Forwarding, and the SGW forwards the PDUs to the E-UTRAN using the S1 DL Tunnelling Information for PDU Forwarding.

Editor's note: It is FFS how the PDUs can be forwarded via NGy and mapped to bearers.
12.
The UE confirms handover to the E-UTRAN.

13.
The E-UTRAN notifies to the MME that the UE is handed over to the E-UTRAN. The notification message includes the S1 DL Tunnelling Information.

14.
The MME sends a Modify Bearer Request (S1 DL Tunnelling Information) message to the SGW.

15.
The SGW sends a Modify Bearer Request (EPS Bearer Contexts (including NGy DL Tunnelling Information)) message to the NGC CPF.

16.
The NGC CPF requests session modification to the TUPF. The TUPF receives EPS Bearer Contexts including NGy DL Tunnelling Information from the NGC CPF. The NGC CPF obtains Per-Bearer NGy UL Tunnelling Information from the TUPF.

17.
The NGC CPF sends a Modify Bearer Response (Per-Bearer NGy UL Tunnelling Information) message to the SGW. The SGW replaces the NGy UL Tunnelling Information received in step 5 with the Per-Bearer NGy UL Tunnelling Information.


The NGC CPF may inform NG PCF of the UE’s handover to the E-UTRAN.

18.
The SGW sends a Modify Bearer Response message to the MME.


The MME may notify the NGC CPF that the relocation is complete and session/context in the NGS-side can be deleted. The location registration procedure can be performed.
***** End of the text *****[image: image7.png]
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