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Abstract of the contribution: The contribution discusses options for NGC-EPC interworking via NGx.

1
Introduction
SA2#117 agreed that support for seamless handovers for “single radio / single attach” UEs requires a C-plane interface between the MME and the CP functions in the NG Core, as well as a common PGW / IP anchor function.
This contribution discusses several options for achieving a seamless handover, while minimising the impact on both EPS and NGS.

2
Solutions

All options described below use the architecture depicted in Figure 1.
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Figure 1: Architecture for interworking between NGS and EPS using NGx
It is essentially the same architecture as the one described in 23.799 Figure 6.18.4.1-2, with the addition of the NGx interface between the MME in the EPC and the NGC.

Four solution options are described below, as follows:

-
“Handover Attach” with context pull.

-
“Handover Attach” with context push.

-
SRB-only handover and PDN reactivation.

-
“Default bearer” handover and “dedicated bearer” reactivation.

2.1
“Handover Attach” with context pull
This option is similar to the solution described in clause 18.4 in that, after being instructed by NG RAN to hand over to EPS, the UE performs a Handover Attach procedure. The difference, compared to the solution in clause 18.4, is that the target MME uses the NGx interface to retrieve the security context and the PGW address from the NG Core. By skipping the authentication procedure the duration of the Handover Attach should be significantly reduced.
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Figure 2: “Handover Attach” from NGS to EPS with context pull
In reference to Figure 2 the main changes (compared to the call flow in Figure 6.18.4.2-1) is in step 3.

3. Instead of contacting the HSS for the purpose of UE authentication as well as fetching the PGW address, the target MME obtains the UE security context and PGW address from the NGC via NGx.
Note that resource release in NGC in step 6 is triggered from the common PGW / IP anchor when the UE establishes the PDN connection on the target side. 

2.2
“Handover Attach” with context push

In this option the source RAN initiates a Handover Preparation procedure, however, the handover preparation is only used to push the UE security context and PGW address(es) in the target MME via NGx.

When UE is ordered by source RAN to perform handover (which at RAN level may actually translate into RRC redirection), the UE performs a Handover Attach on the target side.

To assist the target RAN to select the appropriate CN function (i.e. MME), the UE is assigned an S-TMSI that points to the MME where the UE context has been pushed.
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Figure 3: “Handover Attach” from NGS to EPS with context push
In reference to Figure 3 the main changes (compared to the call flow in Figure 6.18.4.2-1) is in steps 1a-1e.

1a. The source RAN initiates handover preparation by sending a Handover Required message to the NGC. The message contains the identifier of the candidate target cell. 

1b. Based on the candidate target cell the NGC selects an appropriate MME to which it sends a Relocation Request message. The message includes at least UE’s security context and the PGW address(es) of the PGW(s) that currently serve(s) the UE.
1c. The target MME responds with a Relocation Response message including a new UE identifier that uniquely identifies the MME in the target network, as well as the UE context within the MME. Today within a specific PLMN and within a specific MME pool the MME is uniquely identified via the MMEC, and the UE context within a specific MME is uniquely identified via the M-TMSI. The MMEC and the M-TMSI together form the S-TMSI.
1d. NGC sends a Handover Command message to the source RAN including the assigned S-TMSI.

1e. Source RAN sends a Handover Command to UE including the assigned S-TMSI. Note that at RAN level the Handover Command message may actually translate into RRC redirection message.
2. UE connects to the target RAN and initiates a Handover Attach procedure. The S-TMSI allows the target RAN to select the right MME.
The rest of the procedure is similar as the one described in Figure 2, the main difference being that the UE context has already been pushed into the MME, which further shortens the duration of the Handover Attach procedure and minimises the service break.

2.3
SRB-only handover and PDN re-activation 

In this option the source RAN initiates a Handover Preparation procedure, however, the handover preparation is used only for establishment of the SRB in the target RAN.

When ordered by the source RAN, the UE performs handover. At the end of handover only the SRB is established on the target side. After handover completion, the UE reactivates the PDN connections on the target side by using the UE requested PDN connectivity procedure (with indication of “Handover Attach” in the request).

As in the previous solution, the UE security context and PGW address(es) are pushed to the target side as part of the handover preparation procedure.
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Figure 4: SRB-only handover and PDN reactivation
In reference to Figure 4 the main changes (compared to the call flow in Figure 6.18.4.2-1) is in steps 1a-2b.

1a. The source RAN initiates handover preparation by sending a Handover Required message to the NGC. The message contains the identifier of the candidate target cell. 

1b. Based on the candidate target cell the NGC selects an appropriate MME to which it sends a Relocation Request message. The message includes at least UE’s security context and the PGW address(es) of the PGW(s) that currently serve(s) the UE. In this solution it is assumed that only SRB is being handed over.
1c. The target MME executes the Handover Request procedure with the target RAN indicating that this an SRB-only handover.

1d. The target MME responds with a Relocation Response message including a transparent container provided by the target RAN (if needed).

1e. NGC sends a Handover Command message to the source RAN including the transparent container (if needed).

1f. Source RAN sends a Handover Command to UE.
2a. UE connects to the target RAN and sends a Handover Complete message.

2b. The target RAN sends a Handover Complete message to MME.

At this point only the SRB is handed over to the target network. Once the handover procedure is completed, the UE initiates PDN re-activation by using the UE requested PDN connectivity procedure and setting the Request Type to “handover”, which allows the MME to retrieve the PGW(s) that was serving the UE on the source side.
2.4
“Default bearer” handover and “dedicated bearer” re-activation

In this option the source RAN initiates a Handover Preparation procedure, however, the handover preparation is used only for establishment of the “default bearer” in the target RAN for every PDU Session.

When ordered by the source RAN, the UE performs handover. At the end of the handover only the default bearer is established for every PDU Session. After handover completion, the PGW triggers establishment of dedicated bearers.
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Figure 5: “Default bearer” handover and “dedicated bearer” reactivation
The call flow depicted in Figure 5 corresponds to the traditional handover call flow similar to that in TS 23.401 Figure 5.5.1.2.2-1. The main difference is in step 1b and step 4.
1b. Based on the candidate target cell the NGC selects an appropriate MME to which it sends a Relocation Request message. The message includes at least UE’s security context and a bearer context corresponding to the Default QoS rule of each PDU Session. In this solution it is assumed that only SRB is being handed over.

3. At handover completion only the default bearer is established on the target side for each PDN connection.
4. The PGW initiates the activation of Dedicated bearers using the Dedicated bearer activation procedure.
Between steps 3 and 4 all traffic of a PDN connection is served with the default QoS.
3
Proposal

It is proposed to agree the text below for inclusion in TR 23.799.

####################### START CHANGES IN TR 23.799  ##########################

6.18.X
Solution 18.X: Solution variants for interworking using NGx
6.18.X.1
Architecture description
This clause proposes several solution variants addressing Key Issue #18 (in particular WT#1, WT#2 and WT#3).
The common denominator for all solution variants is that they rely on the NGx interface connecting the MME in the EPC with the NG Core. The underlying system architecture is depicted in Figure 6.18.X.1-1.
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Figure 6.18.X.1-1: Architecture for interworking between NGS and EPS using NGx
It is essentially the same architecture as the one described in Figure 6.18.4.1-2, the only difference being the addition of the NGx interface between the MME in the EPC and the NG Core.

6.18.X.2
Function description
6.18.X.2.1
General

Four solution options are described below, as follows:

-
“Handover Attach” with context pull.

-
“Handover Attach” with context push.

-
SRB-only handover and PDN reactivation.

-
“Default bearer” handover and “dedicated bearer” reactivation.

6.18.X.2.2
“Handover Attach” with context pull

This option is similar to the solution described in clause 18.4 in that, after being instructed by NG RAN to hand over to EPS, the UE performs a Handover Attach procedure. The difference, compared to the solution in clause 18.4, is that the target MME uses the NGx interface to retrieve the security context and the PGW address from the NG Core. By skipping the authentication procedure the duration of the Handover Attach should be significantly reduced.
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Figure 6.18.X.2.2-1: “Handover Attach” from NGS to EPS with context pull
In reference to Figure 6.18.X.2.2-1 the main changes (compared to the call flow in Figure 6.18.4.2-1) is in step 3.

3. Instead of contacting the HSS for the purpose of UE authentication as well as fetching the PGW address, the target MME obtains the UE security context and PGW address from the NGC via NGx.
Note that resource release in NGC in step 6 is triggered from the common PGW / IP anchor when the UE establishes the PDN connection on the target side.
6.18.X.2.3
“Handover Attach” with context push

In this option the source RAN initiates a Handover Preparation procedure, however, the handover preparation is only used to push the UE security context and PGW address(es) in the target MME via NGx.

When UE is ordered by source RAN to perform handover (which at RAN level may actually translate into RRC redirection), the UE performs a Handover Attach on the target side.

To assist the target RAN to select the appropriate CN function (i.e. MME), the UE is assigned an S-TMSI that points to the MME where the UE context has been pushed.
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Figure 6.18.X.2.3-1: “Handover Attach” from NGS to EPS with context push
In reference to Figure 6.18.X.2.3-1 the main changes (compared to the call flow in Figure 6.18.4.2-1) is in steps 1a-1e.

1a. The source RAN initiates handover preparation by sending a Handover Required message to the NGC. The message contains the identifier of the candidate target cell. 

1b. Based on the candidate target cell the NGC selects an appropriate MME to which it sends a Relocation Request message. The message includes at least UE’s security context and the PGW address(es) of the PGW(s) that currently serve(s) the UE.

1c. The target MME responds with a Relocation Response message including a new UE identifier that uniquely identifies the MME in the target network, as well as the UE context within the MME. Today within a specific PLMN and within a specific MME pool the MME is uniquely identified via the MMEC, and the UE context within a specific MME is uniquely identified via the M-TMSI. The MMEC and the M-TMSI together form the S-TMSI.

1d. NGC sends a Handover Command message to the source RAN including the assigned S-TMSI.

1e. Source RAN sends a Handover Command to UE including the assigned S-TMSI. Note that at RAN level the Handover Command message may actually translate into RRC redirection message.
2. UE connects to the target RAN and initiates a Handover Attach procedure. The S-TMSI allows the target RAN to select the right MME.

The rest of the procedure is similar as the one described in Figure 2, the main difference being that the UE context has already been pushed into the MME, which further shortens the duration of the Handover Attach procedure and minimises the service break.

6.18.X.2.4
SRB-only handover and PDN re-activation 

In this option the source RAN initiates a Handover Preparation procedure, however, the handover preparation is used only for establishment of the SRB in the target RAN.

When ordered by the source RAN, the UE performs handover. At the end of handover only the SRB is established on the target side. After handover completion, the UE reactivates the PDN connections on the target side by using the UE requested PDN connectivity procedure (with indication of “Handover Attach” in the request).

As in the previous solution, the UE security context and PGW address(es) are pushed to the target side as part of the handover preparation procedure.
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Figure 6.18.X.2.4-1: SRB-only handover and PDN reactivation
In reference to Figure 6.18.X.2.4-1 the main changes (compared to the call flow in Figure 6.18.4.2-1) is in steps 1a-2b.

1a. The source RAN initiates handover preparation by sending a Handover Required message to the NGC. The message contains the identifier of the candidate target cell. 

1b. Based on the candidate target cell the NGC selects an appropriate MME to which it sends a Relocation Request message. The message includes at least UE’s security context and the PGW address(es) of the PGW(s) that currently serve(s) the UE. In this solution it is assumed that only SRB is being handed over.

1c. The target MME executes the Handover Request procedure with the target RAN indicating that this an SRB-only handover.

1d. The target MME responds with a Relocation Response message including a transparent container provided by the target RAN (if needed).

1e. NGC sends a Handover Command message to the source RAN including the transparent container (if needed).

1f. Source RAN sends a Handover Command to UE.
2a. UE connects to the target RAN and sends a Handover Complete message.

2b. The target RAN sends a Handover Complete message to MME.

At this point only the SRB is handed over to the target network. Once the handover procedure is completed, the UE initiates PDN re-activation by using the UE requested PDN connectivity procedure and setting the Request Type to “handover”, which allows the MME to retrieve the PGW(s) that was serving the UE on the source side.

6.18.X.2.5
“Default bearer” handover and “dedicated bearer” re-activation

In this option the source RAN initiates a Handover Preparation procedure, however, the handover preparation is used only for establishment of the “default bearer” in the target RAN for every PDU Session.

When ordered by the source RAN, the UE performs handover. At the end of the handover only the default bearer is established for every PDU Session. After handover completion, the PGW triggers establishment of dedicated bearers.
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Figure 6.18.X.2.5-1: “Default bearer” handover and “dedicated bearer” reactivation
The call flow depicted in Figure 6.18.X.2.5-1 corresponds to the traditional handover call flow similar to that in TS 23.401 Figure 5.5.1.2.2-1. The main difference is in step 1b and step 4.

1b. Based on the candidate target cell the NGC selects an appropriate MME to which it sends a Relocation Request message. The message includes at least UE’s security context and a bearer context corresponding to the Default QoS rule of each PDU Session. In this solution it is assumed that only SRB is being handed over.

3. At handover completion only the default bearer is established on the target side for each PDN connection.

4. The PGW initiates the activation of Dedicated bearers using the Dedicated bearer activation procedure.

Between steps 3 and 4 all traffic of a PDN connection is served with the default QoS.

6.18.4.3
Solution evaluation
Very high level evaluation (need more detailed analysis as proposed in the way forward in S2-166623):
-
Context Push and Context Pull solutions have impact on the MME (ne procedure for pushing/pulling UE context).
-
SRB-only HO solution has impact on both MME and E-UTRAN, however, the impact may need to be evaluated including the larger picture (e.g. potential use for CIoT).

-
“Default bearer” HO solution seems to impact only the PGW, however, given that the PGW is anyway collocated with the NGC IP anchor, this is a new node anyway.
3GPP
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