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Abstract of the contribution: This contribution try to resolve the Editor’s Notes in the Nx based EPS to 5GS handover procedure in TS 23.502.
1
Discussion

So far, solution for EPS to 5GS handover using Nx interface is captured in TS 23.502.

There are some Editor’s Notes left, this contribution try to resolve one of the Editor’s Notes: 

Editor's Note: It is FFS how the PDU session ID and 5G QoS parameters is determined in the UE and network when UE is in EPS.

Issue 1:  Which 5G parameters cannot be mapped from 4G parameters locally in UE?

The 4G and 5G parameters are shown in the figure below, with flexible mapping:
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	5G parameters
	Locally derived?
	How to perform direct mapping?

	DNN
	Yes/FFS
	How to get DNN from APN is still under discussion, but it‘s expected that the DNN can be derived from APN.

	IP address
	Yes
	No IP address change.

	PDU session ID
	Yes
	Set to Linked bearer ID of the 4G PDN connection

	Session AMBR
	No
	There is only APN AMBR which is shared by multi PDN connections in 4G, and the PDU session and the PDN connection is 1:1 mapping, so the UE cannot get the Session AMBR locally

	SSC mode
	No
	There is no such concept  in 4G

	QoS flow
	QFI
	FFS
	If a EPS bearer is designed to be mapped to only one QoS flow：

· As described in 23.501 5.7.4, the standard QFI contain the value of 1-9, which is overlap with the value of EPS EBI 5-15. 

· So the EBI cannot be used as QFI directly. However, QFI can be derived from EBI by shifting, e.g. QFI=EBI+delta.
If a EPS bearer can be mapped to multiple QoS flows：

· QFI can’t be derived from EBI

	
	5QI
	Yes
	Set to 4G QCI directly.

	
	GFBR
	Yes
	Set to 4G GBR directly.

	
	MFBR
	Yes
	Set to 4G MBR directly.

	
	QoS rule
	QoS rule ID
	No/FFS
	As described in 23.501 5.7.1,
A QoS rule contains ……, one or more packet filters and a precedence value.
The SMF generates the QoS rule(s) for the PDU Session by……, setting the packet filter(s) to the UL part of the SDF template and setting the QoS rule precedence to the SDF precedence. The QoS rules are then provided to the UE enabling classification and marking of UL User Plane traffic.

The QoS rule contains one or more PFs of a SDF, but the UE in 4G has no knowledge of SDF, so the QoS rule ID and precedence can only be derived locally in UE in a predefined policy. In this case, after the UE finishes the handover, the SMF+PGW-C has to modify the QoS rule because the locally mapped QoS rule cannot reflect the SDF. 

	
	
	Precedence
	No/FFS
	

	
	
	QFI
	Yes
	As described above.

	
	
	PF
	PF id?
	Yes
	This parameter is not defined in 5G yet if has in 5G, it can derived from 4G PF id.

	
	
	
	PF attribute?
	Yes
	This parameter is not defined in 5G yet, if has in 5G, it can set to the 4G PF attribute directly.


Observation 1: The SSC mode, session AMBR and QoS rule can’t be derived locally from 4G QoS parameters in UE. The QFI depends on the granularity of the QoS flow.
Issue 2: How to determine the SSC mode, session AMBR and QoS rule in UE.
Solution 1: SMF provides the QoS parameters in the Extended PCO.  
The 5G QoS parameters corresponding to the EPS bearer are sent to the UE in Extended PCO during the PDN connection and EPS bearer setup/modification procedure.

Pros:  
-
No impact on the EPC, specifically no impacts on MME and eNodeB(i.e. S1-AP and Uu).
-
The UL Session AMBR can be enforced in UE immediately after handover from 4G to 5G

-
The QoS rules is generated based on SDF granularity as described in 23.501

-
No extra 5G signaling after handover to 5G        

-
More flexible QoS mapping solution, e.g. a TFT based EPS bearer can be mapped to one or more SDF based QoS Flows during the 4G to 5G interworking handover. 
Cons: 
-
Enhance Extended PCO parameters in 24.008 10.5.6.3. 
-
New interaction between PGW-C+SMF and HSS needs to be defined, in order for PGW-C+SMF to obtain the 5G subscription during PDN connection establishment procedure. 

It’s note that there is no impact on the existing EPC entities for these enhancement. The enhancement is developed on the newly defined SMF+PGW-C.
Solution 2: Locally mapped by predefined mapping mechanism
As discussed above, to achieve locally mapping in the UE , the following parameters needs to be resolved. 

SSC mode:

-
Any PDU sessions moved from 4G is mandated to be SSC mode 1, or 
-
the SSC mode is sent to UE in the PDU Session modification message later on after 4G to 5G handover procedure. Session AMBR:

-
The session AMBR is sent to UE in the PDU Session modification message later on after handover procedure.
QoS Rules:

A fixed manner to perform 1 packet filer in TFT to be 1 QoS rule with 1 packet filter. 

 -
QoS rules ID = PF ID in the 4G TFT 

 -
QoS rules precedence= PF precedence

 -
PF ID in mapped QoS rule = 1 

Pros: 
-
No need to modify EPC 

Cons: 
-
It is still FFS whether the PDU session supporting interworking must be SSC mode 1.  It’s also FFS whether the SSC mode can be changed to during the PDU Session modification procedure to UE. 

-
New interaction between PGW-C+SMF and HSS needs to be defined, in order for PGW-C+SMF to obtain the 5G subscription during handover procedure.

-
SMF has to develop two mechanism to generate the QoS Rules by 

-
SDF provided by the SDF template.

-
Fixed mapping mechanism defined for 4G->5G interworking

-
Additional PDU Session modification procedure has to be performed after handover in order to provide following parameters to UE: 

-
UL Session AMBR: The UL Session AMBR cannot be enforced in UE until received this parameter from PGW-C+SMF.
· QoS rule:  The QoS rules cannot be based on SDF granularity in UE until received this parameter from PGW-C+SMF. 
· (Optional) SSC mode: if the PDU session supporting interworking can be SSC mode 2 and 3.

-
One EPS bearer can only be mapped to a QoS flow which is different from 5G->4G handover. So after the UE performs 5G->4G->5G handover, the number of QoS flows will be shrunk.

Observation 2: Solution 1 is cleaner and clear than Solution 2.
Proposal 1: The 5G QoS parameters are provide to the UE in ePCO.
Issue 3: Whether there’s no impact on EPC to support interworking for both Idle mode and connected mode.
During the attach/PDN connection procedure(as approved in S2-173996), the MME has to take into account of the UE’s 5G NAS capability in Network Capability IE, in order to select the SMF/PGW-C.

For Idle mode, to support TAU procedure without Nx interface, the MME also will be impacted inevitably, i.e. either don’t reject TAU request when the MME doesn’t have UE context, or reject the UE’s TAU with a proper cause value.
For Connected mode, based on the existing text in the handover preparation phase, the MME has to update to understand the Target 5G-RAN Node ID and selects the target AMF.

2.
The E-UTRAN sends a Handover Required (Target 5G-RAN Node ID, Source to Target Transparent Container) message to the MME.

3.
The MME selects the target AMF and sends a Forward Relocation Request (Target 5G-RAN Node ID, Source to Target Transparent Container, EPS MM Context, EPS Bearer Context(s)) message to the selected AMF.

Observation 3: The MME will be impacted inevitably to support interworking between 4G and 5G, e.g. understand the UE 5G capability, select the AMF and so on. The impacts of course shall be minimized.
2
 Proposal

It is proposed to adopt the following in TS 23.502. 

* * * * Begin First Change * * * *
4.11.1.2
EPS to 5GS handover using Nx interface

4.11.1.2.1
General

Nx interface is used to provide seamless session continuity for single registration mode. Figure 4.11.1.2.1-1 describes and Figure 4.11.1.x.3-1 the handover procedure from EPS to 5GS when Nx is supported. 

The procedure involves a handover to 5GS and setup of default and GBR QoS flows in 5GS.
UE has one or more ongoing PDN connections including one or more EPS bearers. During PDN connection establishment, 5G parameters corresponding to PDN connection are allocated and sent to UE in EPCO by the PGW-C+SMF. 5G parameters include the SSC mode, Session AMBR and QoS rule. The SSC mode is set to SSC mode 1 in this release. During the GBR EPS bearer establishment/modification procedure, QoS rules corresponding to the related EPS bearers are allocated and sent to UE in EPCO. The 5G parameters are stored in the UE and are to be used when the UE is handed over from EPS to the 5GS. The 5G QoS parameters may be provided to PGW-C+SMF by the PCF+PCRF, if PCC is deployed. 
Editor’s Note: It is FFS if non-GBR flows are also prepared and setup in the procedure.

Editor's Note: It is FFS how the PDU session ID is determined in the UE and network when UE is in EPS.
Editor's Note: Indirect forwarding for home-routed roaming is FFS.


4.11.1.2.2
Preparation phase

Figure 4.11.1.x.2-1 shows the preparation phase of the Single Registration-based Interworking from EPS to 5GS procedure.
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Figure 4.11.1.2.2-1: EPS to 5GS handover using Nx interface, preparation phase

This procedure applies to the Non-Roaming (TS 23.501 [2] Figure 4.3.1-1), Home-routed roaming (TS 23.501[2] Figure 4.3.2-1) and Local Breakout roaming Local Breakout (TS 23.501[2] Figure 4.3.2-2) cases. 

-
For non-roaming scenario, v-SMF, v-UPF and v-PCF+v-PCRF are not present

-
For home-routed roaming scenario, the SMF+PGW-C and UPF+PGW-U are in the HPLMN. v-PCF+v-PCRF are not present

-
For local breakout roaming scenario, v-SMF and v-UPF are not present. SMF+PGW-C and UPF+PGW-U are in the VPLMN.


In local-breakout roaming case, the v-PCF+v-PCRF forwards messages between the SMF+PGW-C and the h-PCF+h-PCRF.
1.
The source E-UTRAN decides that the UE should be handed over to the 5G-RAN.

2.
The E-UTRAN sends a Handover Required (Target 5G-RAN Node ID, Source to Target Transparent Container) message to the MME.

3.
The MME selects the target AMF and sends a Forward Relocation Request (Target 5G-RAN Node ID, Source to Target Transparent Container, EPS MM Context, EPS Bearer Context(s)) message to the selected AMF.


The AMF converts the received EPS MM Context into the 5GS MM Context. The MME UE context includes IMSI, ME Identity, UE security context, UE Network Capability, and EPS Bearer context(s). An EPS Bearer context includes the common SMF + PGW-C address and V-CN Tunnel Info at the UPF + PGW-U for uplink traffic, and APN. 
Editor's note: Whether 5GS Security Context can be derived from the EPS Security Context should be clarified by SA3 study.

4.
The AMF sends a PDU Handover Request (PDN Connection, AMF ID) message to the selected SMF. The PDN Connection provides the common SMF + PGW-C address. 


For home-routed roaming scenario, the v-SMF selects the SMF + PGW-C using the PDN Connection.

Editor's Note: It is FFS whether and how to provide the SM context from MME to SMF via AMF during handover.

5.
If dynamic PCC is deployed, the SMF may initiate PDU-CAN Session Modification towards the h-PCF + h-PCRF to obtain the 5GS PCC Rules for the PDU Session. The h-PCF + h-PCRF does not apply the 5GS PCC Rules for the PDU Session.

6.  The SMF+PGW-C modifies the PGW-U+UPF.
Editor's note: The details of SMF+PGW-C and UPF interaction is FFS.
7.
The SMF + PGW-C sends a PDU Session Modification Response (PDU Session ID, Authorized QoS Rules, SSC Mode, H-CN Tunnel-Info) to the AMF.

8.
For home-routed roaming scenario only: The v-SMF selects a v-UPF and initiates an N4 Session Establishment procedure with the selected v-UPF. The v-SMF provides the v-UPF with packet detection, enforcement and reporting rules to be installed on the UPF for this PDU Session, including H-CN Tunnel Info. If CN Tunnel Info is allocated by the SMF, the V-CN Tunnel Info is provided to the v-UPF in this step.


The v-UPF acknowledges by sending an N4 Session Establishment Response message. If CN Tunnel Info is allocated by the UPF, the V-CN Tunnel info is provided to the v-SMF in this step.

9.
The AMF sends a Handover Request (Source to Target Transparent Container, N2 SM Information (PDU Session ID, QoS Profile(s), V-CN Tunnel Info)) message to the 5G-RAN.

10.
The 5G-RAN sends a Handover Request Acknowledge (Target to Source Transparent Container, N2 SM response (PDU Session ID, list of accepted QoS flows and (R)AN Tunnel Info),  N2 SM Information for PDU Forwarding (PDU Session ID, N3 Tunnel Info for PDU Forwarding)) message to the AMF.

11.
The AMF sends a Modify PDU Session Request (PDU session ID, N2 SM response (list of accepted QoS flows and (R)AN Tunnel Info), N2 SM Information for PDU Forwarding (PDU Session ID, N3 Tunnel Info for PDU Forwarding)) message to the SMF for updating N3 tunnel information.

12. SMF+PGW-C to AMF: Modify PDU Response (PDU session ID, EPS Bearer Setup List).
This message is sent for each received Modify PDU Request message.

SMF+PGW-C 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, SMF+PGW-C deallocates N3 UP address and Tunnel ID of the selected UPF.

The EPS Bearer Setup list is a list of EPS bearer Identifiers successfully handover to 5GC, which is generated based on the list of accepted QoS flows.
13.
If indirect forwarding applies, the MME sends the Create Indirect Data Forwarding Tunnel Request/Response.
14. 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).  The EPS Bearer Setup list is the combination of EPS Bearer Setup list from different SMF+PGW-C(s).
4.11.1.2.3
Execution phase

Figure 4.11.1.2.3-1 shows the Single Registration-based Interworking from EPS to 5GS procedure.
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Figure 4.11.1.x.3-1: EPS to 5GS handover using Nx interface, execution phase

1.
The MME sends a Handover Command (Target to Source Transparent Container, Bearers subject to forwarding, Bearers to Release) message to the E-UTRAN.


The Bearers subject to forwarding includes list of addresses and V-CN Tunnel Info allocated for forwarding. The Bearers to Release includes the list of bearers to be released.

2.
Towards the UE, the E-UTRAN commands handover to the 5G-RAN. The UE moves from the E-UTRAN and synchronizes to the 5G-RAN. 
3.
Handover Confirm: the UE confirms handover to the 5G-RAN. 

The E-UTRAN forwards PDUs coming from the S-GW back to the S-GW using the S1 UL Tunnel Info for PDU Forwarding, the S-GW forwards the forwarded PDUs to the v-UPF using the V-CN Tunnel Info for PDU Forwarding, and the v-UPF forwards the PDUs to the 5G-RAN using the N3 Tunnel Info for PDU Forwarding.

4.
Handover Notify: the 5G-RAN notifies to the AMF that the UE is handed over to the 5G-RAN. The notification message includes the N2 SM Information (N3 DL Tunnel Info).

5.
Then the AMF knows that the UE has arrived to the target side and informs the MME by sending a Forward Relocation Complete Notification message. 

6.
The MME responds with a Forward Relocation Complete Notification Ack message.

7.
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.

8.
The SMF + PGW-C updates the UPF + PGW-U with the V-CN Tunnel Info.

9.
If PCC infrastructure is used, the SMF + PGW-C informs the h-PCF + h-PCRF about the change of, for example, the RAT type and the 5GS PCC Rules (created in step 6 of the preparation phase) should become active from this point.

10.  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.

11.
For home-routed roaming scenario: The v-SMF provides to the v-UPF with the N3 DL Tunnel Info and the N9 UL Tunnel Info.

12.
The UE registers in the target 5GS with "mobility registration update " (see clause 4.2.2.2.2).

13.
Resources in the source system and resources for PDU forwarding are released by the MME (TS 23.401[x]).

* * * * End Second Change * * * *
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