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Abstract of the contribution: In this contribution, the N2 Handover procedure is updated with service operations. 
1. Introduction
The N2 Handover system procedure in clause 4.9.1.3 needs to be updated with service operations for various steps between AMFs and SMF.
2. Discussion
 Service operations need to be identified for the following steps in the N2 handover call flow
Preparation Phase:

1. Step 2 and 12 – Forward relocation request / response (between S-AMF and T-AMF)

2. Step 3 and 6 – PDU Handover Request (between T-AMF and SMF)

3. Step 10 – PDU handover cancel (between T-AMF and SMF)

4. Step 11a and 11f – Modify PDU Request / Response (between T-AMF and SMF)

For /2/ to /4/ it is straight forward to use Nsmf_PDUSession_UpdateSMContext operation.

For /1/ there are 2 options

Option 1:

1. For step 2 forward relocation request use Namf_Communication_N2InfoNotify to carry the Source to Target transparent container from S-RAN to T-AMF. This service operation needs to be enhanced to also carry UE context outside of the N2 container.

2. For step 12 – once the T-AMF either gets the tunnel IDs from T-RAN (for direct forwarding case) or the tunnel IDs from SMF (for indirect forwarding case), the T-AMF has to inform that to S-AMF which the S-AMF uses for sending in Handover Command to S-RAN. So for this case the T-AMF can use Namf_Communication_N1N2MessageTransfer and carry the N2 SM part which will be used by S-AMF to send in Handover Command to the S-AMF.

Option 2:

1. Define a new request / response service operation which the S-AMF uses towards the T-AMF for sending Forward relocation request.

	Proposal#1: There is a slight preference for option#1 as the main function of forward relocation request is to notify the T-AMF about impending HO and prepare itself for it. So the existing Namf_Communication_N2InfoNotify can be reused with slight modifications.


Execution Phase:

1. Step 6a and 6b – Forward relocation complete notify / ack (between T-AMF and S-AMF).

2. Step 7 and 11 – Handover complete (between T-AMF and SMF)
For step 6a and 6b it is rather straight forward to use Namf_Communication_N2InfoNotify to just indicate the handover complete notification from T-AMF to S-AMF with an immediate ack.

For step 7 and 11 – the existing Nsmf_PDUSession_UpdateSMContext can be used.

	Proposal#2: Use Namf_Communication_N2InfoNotify for forward relocation complete notify / ack. 


	Proposal#3: Use Nsmf_PDUSession_UpdateSMContext for all interaction between T-AMF and SMF. 


3. Conclusion and Proposal

It is proposed to update the call flow as mentioned from proposal#1 to #3.
* * * First Change * * *
4.9.1.3
Inter NG-RAN node N2 based handover
4.9.1.3.1
General

This clause includes details regarding the inter NG-RAN node N2 based handover without Xn interface.

The source RAN decides to initiate an N2-based handover to the target RAN. This can be triggered, for example, due to new radio conditions or load balancing, if there is no Xn connectivity to the target RAN, an error indication from the target RAN after an unsuccessful Xn-based handover (i.e. no IP connectivity between T-RAN and S-UPF), or based on dynamic information learnt by the S-RAN.
The availability of a direct forwarding path is determined in the source RAN and indicated to the SMFs. If IP connectivity is available between the source and target RAN and security association(s) is in place between them, a direct forwarding path is available.

If a direct forwarding path is not available, indirect forwarding may be used. The SMFs use the indication from the source RAN to determine whether to apply indirect forwarding.
If the AMF receives a rejection to a N2 interface procedure (e.g. NAS message transfer; Location reporting control; QoS flow establishment/modification/release; etc.) from the NG-RAN with an indication that an Inter NG-RAN node handover procedure is in progress, the AMF shall reattempt the same N2 interface procedure either when the handover is complete or the handover is deemed to have failed if the AMF is still the serving AMF. If the Inter NG-RAN node handover changes the serving AMF, the source AMF shall terminate any other ongoing N2 interface procedures except the handover procedure.

In order to minimize the number of procedures rejected by NG-RAN, the AMF should pause non-handover related N2 interface procedures (e.g. downlink NAS message transfer, Location report control, etc.) while a handover is ongoing (i.e. from the time that a Handover Required has been received until either the Handover procedure has succeeded (Handover Notify) or failed (Handover Failure)) and continue them once the Handover procedure has completed if the AMF is still the serving AMF.

If during the handover procedure the AMF detects that the AMF needs be relocated, the AMF shall reject any SMF initiated N2 request received since handover procedure started and shall include an indication that the request has been temporarily rejected due to handover procedure in progress.

Upon reception for a SMF initiated N2 request(s) with an indication that the request has been temporarily rejected due to handover procedure in progress. The SMF start a locally configured guard timer. The SMF shall re-attempt, up to a pre-configured number of times, when either it detects that the handover is completed or has failed using message reception or at expiry of the guard timer.
4.9.1.3.2
Preparation phase
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Figure 4.9.1.3.2-1: Inter NG-RAN node N2 based handover, Preparation phase
1.
S-RAN to S-AMF: Handover Required (Target ID, Source to Target transparent container, SM N2 info list, PDU session IDs).
Source to Target transparent container includes RAN information created by S-RAN to be used by T-RAN, and is transparent to 5GC.

All PDU sessions handled by S-RAN (i.e. all existing PDU sessions with active UP connections) shall be included in the Handover Required message, indicating which of those PDU session(s) are requested by S-RAN to handover. The SM N2 info also includes Direct Forwarding Path Availability, and which QoS flows are subject to data forwarding.
Direct Forwarding Path Availability indicates whether direct forwarding is available from the S-RAN to the T-RAN. This indication from S-RAN can be based on e.g. the presence of IP connectivity and security association(s) between the S-RAN and the T-RAN.

2.
T-AMF Selection: The S-AMF discovers the T-AMF to which the handover request needs to be forwarded by querying the NRF. If network slicing is used, the AMF Set is included in the NF discovery request. 


The NRF replies with the AMF address and AMF pointer of the selected AMF from the AMF Set. The NRF may also provide the details of the services offered by the selected AMF along with the notification end-point for each type of notification service that the selected AMF had registered with the NRF, if available.
3. 
[Conditional]S-AMF to T-AMF: Namf_Communication_N2InfoNotify(N2 Information(Target ID, Source to Target transparent container, SM N2 information list), UE context information containing SUPI and the list of PDU session IDs along with the corresponding SMF information).
When the S-AMF can't serve the serve the UE anymore, the S-AMF selects the T-AMF as described in clause 6.4.5 on "AMF Selection Function" in TS 23.501 [2]. The S-AMF initiates Handover resource allocation procedure by invoking the Namf_Communication_N2InfoNotify service operation towards the T-AMF.

When the S-AMF can still serve the UE, this step and step 12 are not needed.
4.
[Conditional]T-AMF to SMF: Nsmf_PDUSession_UpdateSMContext Request (PDU session ID, Target ID as the UE location information).
For each PDU session indicated by S-RAN as an N2 Handover candidate, the AMF invokes the Nsmf_PDUSession_UpdateSMContext Request per PDU session to the associated SMF.
PDU session ID indicates a PDU session candidate for N2 Handover.
5.
[Conditional] Based on the target ID information, SMF checks if N2 Handover for the indicated PDU session can be accepted. The SMF checks also the UPF Selection Criteria according to clause 6.3.3 of TS 23.501 [2]. If UE has moved out of the service area of the UPF connecting to RAN, SMF selects a new intermediate UPF. If the PDU session corresponds to a LADN and the UE is outside the area of availability of the LADN, then the SMF moves to step 6c.
6a.
[Conditional] SMF to T-UPF (intermediate): N4 Session Establishment Request

If the SMF selects a new intermediate UPF, i.e the target UPF (T-UPF), for the PDU session and if CN Tunnel Information is allocated by the T-UPF, an N4 Session Establishment Request message is sent to the T-UPF, providing Packet detection, enforcement and reporting rules to be installed on the T-UPF. The PDU session anchor tunnel information for this PDU Session is also provided to the T-UPF.

6b.
T-UPF (intermediate) to SMF: N4 Session Establishment Response


The T-UPF sends an N4 Session Establishment Response message to the SMF with CN DL tunnel information and UL Tunnel information (i.e. N3 tunnel info). The SMF starts a timer to release the resource of S-UPF, to be used in step 12a of the Execution Phase.


If steps 6a and 6b are performed for a PDU session, steps 6c and 6d are skipped.
6c,d.
[Conditional] SMF to S-UPF: N4 Session Modification Request/Response 

If the PDU session corresponds to a LADN and the UE is outside the area of availability of the LADN, the SMF updates the N4 session of the UPF(s) corresponding to the PDU session to deactivate the corresponding UP connection. The SMF may notify the UPF that originated the Data Notification to discard downlink data for the PDU sessions and/or to not provide further Data Notification messages.
7.
SMF to T-AMF: Nsmf_PDUSession_UpdateSMContext Response (PDU session ID, SM N2 information).

If N2 handover for the PDU session is accepted, the SMF includes in the Nsmf_PDUSession_UpdateSMContext response the following information:

· SM N2 information containing the N3 UP address and the UL Tunnel ID of the UPF and the QoS parameters indicating that the SM information is for the Target RAN.
· 

If N2 handover for the PDU session is not accepted as described in step 4, the SMF does not include an SM N2 information regarding the PDU session to avoid establishment of radio resources at the target RAN.

The SMF sends an Nsmf_PDUSession_UpdateSMContext response without including the CN tunnel information to the AMF for the PDU session(s) which is to be released, and then release the PDU session(s) in a separate procedure as defined in clause 4.3.4.
8.
AMF supervises the Nsmf_PDUSession_UpdaetSMContext Response messages from the involved SMFs. The lowest value of the Max delay indications for the PDU sessions that are candidates for handover gives the maximum time AMF may wait for Nsmf_PDUSession_UpdaetSMContext Response messages before continuing with the N2 Handover procedure. At expiry of the maximum wait time or when all Nsmf_PDUSession_UpdaetSMContext Response messages are received, AMF continues with the N2 Handover procedure (Handover Request message in step 9).
NOTE:
The delay value for each PDU session is locally configured in the AMF and implementation specific.
9.
T-AMF to T-RAN: Handover Request (Source to Target transparent container, MM N2 information, SM N2 information list for the T-RAN).

T-AMF determines T-RAN based on Target ID. T-AMF may allocate a 5G-GUTI valid for the UE in the AMF and target TAI.


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

SM N2 information list includes SM N2 information received from SMFs for the T-RAN in the Nsmf_PDUSession_UpdateSMContext Response messages received within allowed max delay supervised by the T-AMF mentioned in step 8. SM N2 information also indicates which QoS flows are subject to data forwarding.
10.
T-RAN to T-AMF: Handover Request Acknowledge (Target to Source transparent container, SM N2 response list, PDU sessions failed to be setup list, T-RAN SM N3 forwarding information list).

Target to Source transparent container includes a UE container with an access stratum part and a NAS part. The UE container is sent transparently via T-AMF, S-AMF and S-RAN to the UE.


The information provided to the S-RAN also contains a list of PDU session IDs indicating PDU sessions failed to be setup and reason for failure (SMF decision, SMF response too late, or T-RAN decision).


The SM N2 response list includes, per each received SM N2 information and by SMF accepted PDU session for N2 Handover, a PDU session ID and an SM N2 response indicating the PDU session ID and if T-RAN accepted the N2 Handover request for the PDU session. For each PDU session accepted by the T-RAN for N2 Handover, the SM N2 response includes N3 UP address and Tunnel ID of T-RAN.
The T-RAN SM N3 forwarding info list includes, per each PDU session accepted by the T-RAN and has at least one QoS flow subject for data forwarding, N3 UP address and Tunnel ID of T-RAN for receiving forwarded data if necessary.

11.
[Conditional] T-AMF to SMF: Nsmf_PDUSession_UpdateSMContext Request(PDU session ID, Cause).

When a Nsmf_PDUSession_UpdateSMContext Response message arriving too late (see step 8) , or the PDU session with SMF involvement is not accepted by T-RAN, this message is sent to the corresponding SMF allowing the SMF to deallocate a possibly allocated N3 UP address and Tunnel ID of the selected UPF. A PDU session handled by that SMF is considered deactivated and handover attempt is terminated for that PDU session.
12a.
AMF to SMF: Nsmf_PDUSession_UpdateSMContext Request (PDU session ID, SM N2 response, T-RAN SM N3 forwarding information list).


For each SM N2 response received from the T-RAN (included in SM N2 response list), AMF sends the received SM N2 response to the SMF indicated by the respective PDU Session ID.

If no new T-UPF is selected, SMF stores the N3 tunnel info of T-RAN from the SM N2 response if N2 handover is accepted by T-RAN.

12b.[Conditional] SMF to T-UPF: N4 Session Modification Request (T-RAN SM N3 forwarding information list, indication to allocate a DL forwarding tunnel for indirect forwarding)
If the SMF selected a T-UPF in step 6a, the SMF updates the T-UPF by providing the T-RAN SM N3 forwarding information list by sending a N4 Session Modification Request to the T-UPF.

If indirect forwarding applies and the UPF is relocated and if the SMF decides to setup the indirect forwarding tunnel on the same T-UPF, the SMF also requests in the N4 Session Modification Request message to the T-UPF, to allocate a DL forwarding tunnel for indirect forwarding. If the UPF is not relocated, indirect forwarding may be set up in step 12d and 12e below.

Indirect forwarding may be performed via a UPF which is different from the T-UPF, in which case the SMF selects a T-UPF for indirect forwarding.
12c.[Conditional] T-UPF to SMF: N4 Session Modification Response (T-UPF SM N3 forwarding information list)

The T-UPF allocates tunnel information and returns an N4 Session Modification Response message to the SMF.
The T-UPF SM N3 forwarding info list includes T-UPF N3 address, T-UPF N3 Tunnel identifiers for forwarding data

12d.[Conditional] SMF to S-UPF: N4 Session Modification Request (T-RAN SM N3 forwarding information list or T-UPF SM N3 forwarding information list, indication to allocate a DL forwarding tunnel for indirect forwarding)

If the UPF is relocated, this message includes the T-UPF SM N3 forwarding info list. If the UPF is not relocated, this message includes the T-RAN SM N3 forwarding info list.

If indirect forwarding applies the SMF indicates in the N4 Session Modification Request message to the S-UPF to allocate a DL forwarding tunnel for indirect forwarding.
Indirect forwarding may be performed via a UPF which is different from the S-UPF.
12e.[Conditional] S-UPF to SMF: N4 Session Modification Response (S-UPF SM N3 forwarding information list)

The S-UPF allocates tunnel information and returns an N4 Session establishment Response message to the SMF.
The S-UPF SM N3 forwarding information list includes S-UPF N3 address, S-UPF N3 Tunnel identifiers for forwarding data for both UL and DL.
12f. SMF to T-AMF: Nsmf_PDUSession_UpdateSMContext Response (N2 SM information containing the DL forwarding tunnel information to be sent to the S-RAN)
The SMF sends the Nsmf_PDUSession_UpdateSMContext Response message per PDU session to T-AMF.
The SMF creates an N2 SM information containing the DL forwarding tunnel information to be sent to the S-RAN by the AMF. The SMF includes this information in the Nsmf_PDUSession_UpdateSMContext response. The DL forwarding tunnel information can be one of the following information:
· If direct forwarding applies, then the SMF includes the T-RAN N3 forwarding information the SMF received in step 12a.
· If the indirect forwarding tunnel is setup in step 12b or 12d, then the SMF includes the T-UPF or S-UPF DL forwarding information containing the N3 UP address and the DL Tunnel ID of the UPF. 
The SMF starts an indirect data forwarding timer, to be used to release the resource of indirect data forwarding tunnel.

13. [Conditional] T-AMF to S-AMF: Namf_Communication_N1N2MessageTransfer (N2 information necessary for S-AMF to send Handover Command to S-RAN including Target to Source transparent container, N2 SM information (PDU sessions failed to be setup list, and the N3 DL forwarding information)) 

AMF supervises the Nsmf_PDUSession_UpdateSMContext Response message from the involved SMFs. At expiry of the maximum wait time or when all Nsmf_PDUSession_UpdateSMContext Response messages are received, T-AMF sends the Namf_Communication_N1N2MessageTransfer to S-AMF.
The Target to Source transport container is received from the T-RAN. The N2 SM information is received from the SMF in step 12f.
* * * Next Change * * *
4.9.1.3.3
Execution phase
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Figure 4.9.1.3.3-1: inter NG-RAN node N2 based handover, execution phase
1.
S-AMF to S-RAN:  Handover Command (Target to Source transparent container, PDU sessions failed to be setup list, SM forwarding info list).

Target to Source transparent container is forwarded as received from S-AMF.

The SM forwarding info list includes T-RAN SM N3 forwarding info list for direct forwarding or S-UPF SM N3 forwarding info list for indirect data forwarding

S-RAN uses the PDU sessions failed to be setup list and the indicated reason for failure to decide whether to proceed with the N2 Handover procedure.
2.
S-RAN to UE:  Handover Command (UE container).

UE container is a UE part of the Target to Source transparent container which is sent transparently from T-RAN via AMF to S-RAN and is provided to the UE by the S-RAN.
3.
Uplink packets are sent from T-RAN to T-UPF and UPF (PSA). Downlink packets are sent from UPF (PSA) to S-RAN via S-UPF. The S-RAN should start forwarding of downlink data from the S-RAN towards the T-RAN for QoS flows subject to data forwarding. This may be either direct (step 3a) or indirect forwarding (step 3b).
4.
UE to T-RAN: Handover Confirm.

After the UE has successfully synchronized to the target cell, it sends a Handover Confirm message to the T-RAN. Handover is by this message considered as successful by the UE.
5.
T-RAN to T-AMF: Handover Notify.

Handover is by this message considered as successful in T-RAN.
6a.
[Conditional]T-AMF to S-AMF: Namf_Communication_N2InfoNotify 
The T-AMF notifies to the S-AMF about the N2 handover notify received from the T-RAN by invoking the Namf_Communication_N2InfoNotify
A timer in S-AMF is started to supervise when resources in S-RAN shall be release
6b.
[Conditional]S-AMF to T-AMF: Namf_Communication_N2InfoNotify ACK.
The S-AMF acknowledges by sending the Namf_Communication_N2InfoNotify ACK to the T-AMF.
7.
T-AMF to SMF: Nsmf_PDUSession_UpdateSMContext Request (Handover Complete indication forPDU session ID).

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

8a.
[Conditional] SMF to T-UPF (intermediate): N4 Session Modification Request


If new T-UPF is selected, the SMF shall send N4 Session Modification Request indicating DL tunnel info of T-RAN to the T-UPF.

8b.
[Conditional] T-UPF to SMF: N4 Session Modification Response

The T-UPF acknowledges by sending N4 Session Modification Response message to SMF.
9a.
[Conditional] SMF to S-UPF (intermediate): N4 Session Modification Request


If UPF is not relocated, the SMF shall send N4 Session Modification Request indicating DL tunnel info of T-RAN to the S-UPF.

9b.
[Conditional] S-UPF to SMF: N4 Session Modification Response

The S-UPF acknowledges by sending N4 Session Modification Response message to SMF.
10a.
[Conditional] SMF to UPF (PSA): N4 Session Modification Request


The SMF sends N4 Session Modification Request message to PDU session anchor UPF, UPF (PSA), providing N3 tunnel info of T-RAN or the DL tunnel info of T-UPF if T-UPF is selected.
If T-UPF is not selected, steps 10a and step 10b are skipped. 
10b.
[Conditional] UPF (PSA) to SMF: N4 Session Modification Response


The UPF (PSA) sends N4 Session Modification Response message to SMF. At this point, UPF (PSA) starts sending downlink packets to the T-RAN, via T-UPF if T-UPF is selected.


When there are multiple UPFs(PSA), step 10a and step 10b are performed for each UPFs(PSA).
11.
SMF to T-AMF: Nsmf_PDUSession_UpdateSMContext response (PDU session ID).


SMF confirms reception of Handover Complete.

12a.
[Conditional] SMF to S-UPF (intermediate): N4 Session Release Request


If there is a source intermediate UPF, the SMF initiates resource release, after timer in step 7 or indirect data forwarding timer expires, by sending an N4 Session Release Request (Release Cause) to source UPF. This message is also used to release the indirect data forwarding resource in S-UPF.
12b.
S-UPF to SMF: N4 Session Release Response


The S-UPF acknowledges with an N4 Session Release Response message to confirm the release of resources.

In case of indirect data forwarding, the resource of indirect data forwarding is also released.
13a.
AMF to S-RAN: UE Context Release Command ().

After the timer in step 6a expires, the AMF sends UE Context Release Command.

13b.
S-RAN to AMF: UE Context Release Complete ().

The source RAN releases its resources related to the UE and responds with a UE Context Release Complete () message.
14a.
[Conditional] SMF to T-UPF: N4 Session Modification Request
If indirect forwarding applies and UPF is relocated, after timer of indirect data forwarding expires, the SMF sends N4 Session Modification Request to T-UPF to release the indirect data forwarding resource.
14b.
[Conditional] T-UPF to SMF: N4 Session Modification Response

The T-UPF acknowledges with an N4 Session Modification Response message to confirm the release of indirect data forwarding resources.
* * * Next Change * * *
5.2.2.2.7
Namf_Communication_N1N2MessageTransfer service operation
Service operation name: Namf_Communication_N1MessageTransfer.
Description: CN NF request to transfer downlink N1 message to the UE through the AMF.
Known NF Consumers: SMF, SMSF, PCF, NEF, AMF.
Input, Required: CN NF ID, Message type (N1 or N2 or both), Message Container (s) where at least one of the message containers (N1 or N2) is required, AN Type.
Input, Optional:  Session ID (e.g PDU Session ID).
Output, Required: Result indication.
Output, Optional: None.
If the UE is in CM-IDLE state, the AMF initiates the network triggered service request procedure as specified in clause 4.2.3.4. The AMF responds to the consumer NF, with a Namf_Communication_N1N2MessageTransfer response, providing a result indication of whether the AMF was able to successfully transfer the N1 and/or the N2 message towards the UE and/or the AN.

* * * Next Change * * *
5.2.2.2.10
Namf_Communication_N2InfoNotify service operation

Service operation name: Namf_Communication_N2InfoNotify.
Description: The AMF uses this service operation to notify a particular N2 message information towards the NFs that have subscribed (implicitly or explicitly) for the specific information.
Known NF Consumers: AMF
Input, Required: AMF ID, N2 information.
Input, Optional: Allowed NSSAI, UE Context of the UE which includes the SUPI, DRX parameters, AM policy information, UE network capability, used N1 security context information, event subscriptions by other consumer NF, and the list of SM PDU Session IDs along with the SMF handling the PDU Session.


Output, Required: None.
Output, Optional: None.

* * * End of Changes * * *
3GPP
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