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Abstract of the contribution: This contribution gives a description of service request procedure. 
1. Introduction

Basically, the purpose of the service request procedure is to transfer UE state from NG-IDLE to NG-CONNECTED mode. More detailed, this procedure is used to establish the radio and N2/N3 connection when user data or signalling is to be sent. This paper gives a description of service request procedure.
2. Analysis
2.1 Service Request in LTE

In LTE, the service request message is terminated in MME and defined as a MM message, and this procedure transfers the UE from EMM-IDLE to EMM-CONNECTED state. Besides, all the available EPS bearers, which may belong to different PDN connections, are activated in the network. Only after UE enters into EMM-CONNECTED state, the ESM message can be exchanged between UE and network.

2.2 Principles in NG  

But in NG, the mobility management function and session management function are separated into two different entities, i.e. the AMF and SMF. The MMF and SMF are separate NFs (Network Function), with a standard N11 interface specified in-between. MMF handles the Mobility management part of NAS signalling exchanged with the UE, and SMF handles the Session management part of NAS signalling exchanged with the UE. It means that the MM NAS message and SM MM message are decoupled and shall be handled by AMF and SMF respectively. 
Another conclusion in TR is that in case of UE having multiple established PDU sessions using multiple UPFs, the NextGen system supports the independent activation of UE-CN user plane connection per PDU session. When there is data transmission and UE is NG-idle, the UE can indicate during the Service Request procedure the PDU session(s) for which the UE-CN user plane connection has to be activated. And during CONNECTED state, if the UE has activated UE-CN user plane connection for a subset of existing PDU sessions, the UE/network can activate additional UE-CN user plane connection for further PDU sessions. 
So unlike LTE system, NG can use the service request message to activate a part of PDU sessions for UE. And considering the AMF and SMF decoupling, the message used to activate PDU session shall be a SM NAS message terminated in SMF, and AMF just routes this message to SMF.
2.3 Service Request in NG

When discussing the Service Request procedure, we can consider whether the Service Request message is a NAS MM message or NAS SM message. Followings give the analysis for the two alternatives respectively.

Service Request as a SM message

If we assume the Service Request as a SM message, there maybe some problems:
· UE sends a NAS SM message to network directly in NG-idle state. This conflicts with the traditional principle, i.e. only after UE enters into EMM-CONNECTED state, the NAS SM message can be exchanged between UE and network.

· UE may want to activate several PDU sessions in one Service Request procedure, so the Service Request message shall include related information for these different PDU sessions. If thses PDU sessions belong to different SMFs, then how the AMF handle it. One option is to analyze the message, identify the target SMFs, gengrate a new N11 message, and then notify it to the target SMFs. Obviously, this option violates the principles, i.e. the NAS SM message terminates in SMF and AMF shall not handle NAS SM message except message routing.
· When UE is NG-connected and want to activate one PDU session, if it still use the Service Request procedure, it would make the function of Service Request procedure mixed and unclear. As in connected state, the signalling connection between UE and network is available already and only the PDU session needs to be recovered, but basically the Service Request is to establish the signalling connection and thus transfer UE from NG-idle to NG-connected state. So it is sensible to apply a dedicated NAS SM procedure, i.e. Session-ACTIVE request, to activate PDU sessions.
Service Request as a MM message

If we assume the Service Request as a NAS MM message, then it can establish the signalling connection between UE and network and transfer UE from NG-idle to NG-connected state. But how to achieve the PDU session activation for the UE, here may be two options:

· Option1: Note that the agreement part of T23.799 concludes to transmit an SM NAS message together with an MM NAS message. So just like the UE Requested PDN Connectivity request piggybacked in the attach request, the dedicated NAS SM message, i.e. Session-ACTIVE request, can be piggybacked in the Service Request to activate PDU sessions. The AMF identifies the Session-ACTIVE request and route it to the target SMF. Of course, the dedicated PDU session activation procedure should be used to activate the following inactive PDU sessions when UE is in NG-connected state.
· Option2: Service Request is solely used to establish the signalling connection between UE and network and transfer UE from NG-idle to NG-connected state. After completion of Service Request procedure, then UE initiates the Session-ACTIVE request(s) to the target SMFs.
In order to optimize the signalling, it is proposed to apply option1.
2.3 Observation

Based on above analysis, the following observations can be achieved:
Observation1: Service Request message is more suitable to be a NAS MM message. It is used to establish the signalling connection between UE and network and transfer UE from NG-idle to NG-connected state.
Observation2: Considering the AMF and SMF decoupling, the message used to activate PDU session shall be a SM NAS message terminated in SMF, and AMF just routes this message to SMF. So a dedicated NAS SM message, i.e. Session-ACTIVE request, is needed to activate PDU session. 
Observation3: The Session-ACTIVE request(s) can be piggybacked in the Service Request to activate PDU sessions. But when UE is in NG-connected state, the dedicated PDU session activation procedure should be used to activate the following inactive PDU sessions.
3. Proposal
It is proposed to add the following descriptions into section 4.1.2 “Service request procedures” of 5G TS 23.502 “System Procedures for 5G System”.

* * * * Start Change * * * *

4.1.2
Service Request procedures

4.1.2.1
UE triggered Service Request

Editor’s Note:
Procedure includes aspects required to support network slicing.
The UE in NG‑IDLE state sends the Service Request message to the AMF in order to establish the signalling connection and maybe to activate the PDU session context(s). After receiving the Service Request message, the AMF may perform authentication via the verification of NAS message. By the establishment of the secure signalling connection to the AMF, the UE may send following signalling messages, e.g. UE initiated PDU session setup procedure, to the AMF, or the AMF routes the SM NAS message, included in Service Request message, to SMF so as to activate the PDU session. The UE transfers from idle to connected state due to service request procedure. A UE in NG‑CONNECTED state would use a dedicated PDU session activation procedure to activate the requested PDU session. 
The Service Request procedure in this clause is triggered by the UE in NG-IDLE status to establish radio bearers for the UE. The N2 signalling connection is established between NG-RAN and AMF, and the N3 data connection may be established between NG-RAN and UPF. The following principles shall be applied as a basis:

-
Upon successful PDU session establishment, AMF stores the identification of serving SM function(s) of UE and SMF stores the identification of serving MM function of UE, i.e. AMF maintains UE’s PDU session IDs and the corresponding SMF IDs.

-
Service request message, which may contain SM NAS messages, triggers the establishment of N2 signalling connection and N3 data connection.

Note: it is for signalling optimization to piggyback the SM NAS message into the Service Request message, actually, the Service Request message is a MM message terminated in AMF. After receiving the service request, the AMF routes the SM NAS message to the corresponding SMFs based on the PDU session IDs. 

-
In case of UE having multiple established PDU sessions using multiple UPFs, the NextGen system supports the independent activation of UE-CN user plane connection per PDU session. Consequently, during transition from IDLE to CONNECTED state in Service Request procedure, the UE indicates through the SM NAS message, i.e. Session-ACTIVE request(s), to activate the PDU session(s). If UE wants to activate multiple PDU sessions to different SMFs, many Session-ACTIVE request(s) shall be included in just one Service request message. 

-
When UE is in connected state with some inactive PDU sessions, the UE can use the dedicated PDU session activation procedure to activate these inactive PDU sessions.

-
When UE is registered to network without any PDU session setp and is in idle state, the service request shall be triggered firstly to transmite UE into connected state and then UE initiates the PDU session setup procedure.

-
UE NAS state is maintained in AMF, so paging shall be managed by AMF based on its paging policy, e.g. MM and SM signallings, DL user data notification from SMF.
UE triggered Service Request
The Service Request procedure in this clause is triggered by the UE in NG-IDLE status to establish N1/N2 signalling connection, N3 connection and radio connection for the PDU sessions of UE.
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Figure 4.1.2.1-1: Service Request procedure
1. The UE initiates a Service Request (UE ID, KSI, Session-ACTIVE request(s)) to AMF, which is transferred through the N2 connection setup request by NG-RAN. The UE may piggyback the SM NAS message, Session-ACTIVE request(s), into the Service Request message to activate the requested PDU sessions.. If UE wants to activate multiple PDU sessions to different SMFs, many Session-ACTIVE request(s) shall be included in just one Service request message. The Session-ACTIVE request includes the PDU session ID in its NAS message header for message routing. The Service Request message is security protected with the NAS security context if available. 


Consequently, a signalling connection is established between the UE and the AMF, and resources for active PDU session context(s) are allocated, i.e. RAB establishment for the activated PDU session.

2. If the Service Request was not sent integrity protected or integrity protection is indicated as failed, the AMF request authentication credential from AUSF via the “Subscriber Authentication” service. The AMF sends the UE Authentication Request (UE Permanent ID, Authentication mechanism) message to AUSF, and the AUSF authenticates the UE and provides the authentication credential to AMF.
Editor’s note: the “Subscriber Authentication” service is provided by AUSF, which is defined in Section 5.x.x.x.
3. Upon successful PDU session establishment previously, AMF has stored the identification of serving SM function(s) of UE and SMF stores the identification of serving MM function of UE, i.e. AMF maintains UE’s PDU session IDs and the corresponding SMF IDs. Besides, SMFs have subscribed the “Message Routing” service to AMF. So by triggering the “Message Routing” service, the AMF routes the Session-ACTIVE request(s) to the corresponding SMFs separately, based on the maintained mapping relation of PDU session IDs and the corresponding SMF IDs. The following SM messages exchanged between SMF and NG-RAN also apply the “Message Routing” service.

Editor’s note: the “Message Routing” service is provided by AMF, which is defined in Section 5.x.x.x. SMFs have subscribed to this service for UE when UE has established PDU session(s) in the SMFs.

4. Triggered by the Session-ACTIVE request, the SMF sends the Session-ACTIVE Transition Request message to the AMF. The message includes the PDU session ID, N3 connection endpoint of the UP function, and the QoS profile of the PDU session.
5. The AMF responses the N2 connection setup response to NG-RAN, and it also routes the Session-ACTIVE Transition Request to the NG-RAN.
Editor’s Note: whether the Session-ACTIVE Transition Request is combined with the N2 connection setup response or sent separately, is FFS.
6. The NG-RAN performs the radio connection establishment procedure.
7. The NG-RAN sends the N3 Connection Setup complete to the AMF, including the N3 connection endpoint of the RAN.
Editor’s Note: whether the Session-ACTIVE Transition Response is combined with the N2 Connection Setup Complete or sent separately, is FFS..
8. The AMF routes the Session-ACTIVE Transition Response to the SMF.

9. The SMF configures the N3 connection endpoint of the RAN to UPF.
*****************************************end of change********************************************

****************************************start of change********************************************

4.1.2.2
Network triggered Service Request

Editor’s Note:
Procedure includes aspects required to support network slicing.

When UP function receives the downlink data and finds no available N3 connection for the corresponding PDU session, it sends the Get UE Context Update Request to the SM to trigger the N3 connection establishment. Furtherly, if the UE is in NG-idle state, the AMF shall page the UE.
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Figure 4.1.2.2-1: Network triggered Service Request
1.
The UPF receives a DL packet from DN.
2.
If the UP function receives downlink data packeta of a PDU session without an available N3 connection for the PDU session, so it buffers the downlink data packet.  Then the UPF requests SMF to provide the N3 tunnel information of the NG-RAN.
3.
The SMF sends the Session-ACTIVE Transition request by using “Message Transfer” service provided by the AMF. The message includes the identifier of the PDU session, N3 tunnel information of the UPF and the QoS of the PDU session. Besides, SMFs have subscribed the “Message Routing” service to AMF. So by triggering the “MessageRouting” service, the AMF routes the SM messages exchanged between the SMF and NG-RAN.

Editor’s note: the “Message Routing” service is provided by AMF, which is defined in Section 5.x.x.x. SMFs have subscribed to this service for UE when UE has established PDU session(s) in the SMFs.
4.
UE NAS state is maintained in AMF, so paging shall be managed by AMF based on its paging policy. If AMF determines the UE is in NG-IDLE mode, it pages the UE. 
5.
NG-RAN pages the UE.

6.
The UE initiates the Service Request procedure defined in section 4.1.2.1 without piggybacking Session-ACTIVE requests(s), which transfers the UE from idle to connected state. 
7. If AMF finds the UE is in NG-connected state, the SMF sends the Session-ACTIVE Transition Request message to the NG-RAN directly without step5 and step6.
8. The NG-RAN performs the radio connection reconfiguration procedure for the required PDU sessions.
9. The NG-RAN sends the Session-ACTIVE Transition Response to the AMF, including the N3 tunnel information of the NG-RAN. And the AMF routes the Session-ACTIVE Transition Response to the SMF.

10. The SMF configures the N3 tunnel information of the NG-RAN to UPF.

* * * * End of Change * * * *
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