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1. Introduction
3GPP TS 23.501 [2] subclause 4.4.2.1 describes the architecture to support SMS over NAS (see figure 1 below). 




Figure 1: System Architecture for SMS over NAS
The 5G CT-wide work item CP-171105 [1] documents that CT1 and CT4 will take an active role in the definition of "SMS over NAS"

For CT1, the expected work will include analysis work on stage 3 protocol selection and details and the related normative work (non-exhaustive list):
1.	CT1 relevant stage 2 aspects (e.g., TS 23.041 on Cell Broadcast Service (CBS), TS 23.122 on NAS functions related to UE in idle mode, TS 23.040 on Short Message Service (SMS));
…..
6.	specific services (SMS, Public Warning System (PWS), Location Services (LCS), emergency services, Multimedia Priority Services (MPS));

For CT4, the expected work will include analysis work on stage 3 protocol selection and details and the related normative work (non-exhaustive list):
…..
3.	specific services (SMS, Public Warning System (PWS), Location Services (LCS), emergency services, Multimedia Priority Services (MPS));

While it is expected that CT1 works on the SMS procedures over N1 and CT4 works on the SMS procedures over N8 and N21, the split of responsibility for N20 is not so clear. This paper discusses proposal for the work split for the N20 interface

2. Discussion
Before looking at N20, it is useful to revisit the agreements on N11 that were brokered during CT1#103, which are documented in CP-171105 [1]

CT1 and CT4 have agreed on a work split in the following terms:
· the control-plane session management part of the NAS signalling towards the UE and the SMF (including procedures, messages, IEs and the necessary error handling) is defined under the remit of CT1 (i.e., 5G SM protocol which is transported via the N1 and N11 reference points). CT1 will specify the 5G SM protocol;
· the protocol between the AMF and the SMF (including the messages, IEs and necessary error handling towards these network functions/entities) is under the scope of CT4. This protocol will provide means of transportation of messages of 5G SM. CT4 will specify the protocol between the AMF and the SMF;

This agreement was brokered with the understanding that:
· SA2 have decided to use the Service Based Architecture to define the interactions between all network functions (NFs) on all reference points other than N1, N2, N3, N4, N6 and N9. This agreement is documented in subclause 4.2.7 of 3GPP TS 23.501 [2], i.e. each network function (producer) will implement a set of services which are to be exposed by the network function to other network functions (consumers).
· 3GPP TS 23.502 [3] describes the control plane session management procedures as being end-to-end from the UE to the SMF

Observation 1: The services used by the AMF and SMSF over N20 will be specified by using the Service Based Architecture, i.e. The protocol will provide the means to transport the messages that are received at the AMF with a payload type of "SMS", towards the SMSF (and vice versa).

The stage 2 SMS service is defined by CT1 and is documented in 3GPP TS 23.040 [4]. In understanding the role of CT1, it is good to revisit some of the previous SMS features that were created in CT1. From the perspective of the CM sublayer the end-points for the transfer of the SMS control signalling (CP-DATA/CP-ACK) are the NAS termination points. This can be shown in the Figure 2 below for SMS in MME, SMS over SGs and for SMS over NAS. 3GPP TS 23.502 shows uplink and downlink SMS messages go to and from the UE and SMSF.



Figure 2: SMS CM sublayer and SM-RL sublayer protocol termination end points

Observation 2: The UE and SMSF are the SMS NAS origination and termination end points for 5G SMS over NAS 

For SMS over SGs, CT1 was responsible for the defining the protocol (SGs-AP) and procedures used to transfer messages over the SGs interface. This decision was made due to previous experience on how the Gs interface was created.

Observation 3: Some efficiency can be gained by one group doing all the work, rather than having a split which may lead to liaisons needing to be sent between the working groups.

In order to understand the functionality required over the N20 interface, it is useful to understand what services are required over N20. In the following analyses, the terms "Uplink NAS transport with SMS payload type" and "Downlink NAS transport with SMS payload type" as generic terms to refer to both Alt-1 and Alt-2 in TR 24.890 for the transfer of SMS messages between the UE and AMF.

The following analyses are based upon the updates to 3GPP TS 23.502 [3] made at SA2#122:
NOTE: The service based architecture allows an NF to subscribe to receive notifications from another NF when certain events occur. Thus a "Notify" in the description below implies that the NF requesting notification has subscribed to the NF providing the notifications.

1. Registration
Upon initial Registration Request, after the AMF has retrieved subscription information from the UDM for the user (by invoking the Nudm_UE Context Management _Registration and Nudm_ UE Context Management_Get service operations) and has discovered an SMSF (by invoking the Nnrf_NF Discovery service operation), the AMF invokes performs SMSF activation towards the selected SMSF by invoking the Nsmsf_SMService_Activate service operation

2. De-registration
The SMSF would have previously subscribed to receive a notification from the AMF when the UE deregisters from SMS by invoking the Namf_EventExposure_Subscribe service operation. Upon receiving a subsequent Registration request without the "SMS supported" indication or when the AMF considers the UE to no longer be reachable (UE becomes detached from 5GS), the AMF performs SMSF deactivation towards the selected SMSF by invoking the Namf_EventExposure_Notify service operation.

Observation 4: Registration and De-registration are effectively a two-step process involving a NAS part between the UE and AMF and a non-NAS part between the AMF and SMSF. The NAS part is covered by CT1 Mobility Management and the non-NAS part is to be covered by CT4 using the service activation and service deactivation procedures over N20. This will require the AMF and SMSF to be stateful and it is assumed that the management of the state machine between the AMF and SMSF is covered by CT4.

3. Sending Uplink Data
a. When the user wishes to send an SMS message after establishment of the NAS signalling connection, it sends an "Uplink NAS transport with SMS payload type" containing CP-DATA towards the AMF. The AMF adds the local time zone, UE's current TAI, x-CGI, etc and forwards the SMS message together with the SUPI to the SMSF by invoking the Nsmsf_SMService_UplinkSMS service operation.
b. When the user wishes to send an SMS using the "one-step-approach" when 5GMM-IDLE, the UE will sends an initial NAS message containing the SMS payload in CP-DATA request towards the AMF. The AMF adds the IMEISV, the local time zone, UE's current TAI and x-CGI and forwards the SMS message together with the SUPI to the SMSF by invoking the Nsmsf_SMService_UplinkSMS service operation.
c. When the UE sends an "Uplink NAS transport with SMS payload type" containing CP-ACK as response to a delivery report for an MO SMS, the AMF will forward the message to the SMSF by invoking the Nsmsf_SMService_UplinkSMS service operation.
d. When the UE sends an "Uplink NAS transport with SMS payload type" containing CP-ACK as response to an MT SMS, the AMF will forward the message to the SMSF by invoking the Nsmsf_SMService_UplinkSMS service operation.
e. After the UE receives an MT SMS message, it sends an "Uplink NAS transport with SMS payload type" containing CP-DATA with a delivery report towards the AMF. The AMF will forward the message to the SMSF by invoking the Nsmsf_SMService_UplinkSMS service operation.

4. Sending Downlink Data
a. When the SMSF responds to a UE initiated NAS message containing an SMS message, it sends the response to the AMF using the Namf_Communication_N1MessageTransfer service operation containing the CP-ACK. 
b. When the SMSF sends the delivery report related to a UE initiated NAS message containing an SMS message, it sends the delivery report to the AMF using the Namf_Communication_N1MessageTransfer service operation containing CP-DATA.
c. When the SMSF receives a Forward Short Message, after paging the UE and receiving service request, it sends the SMS message in a CP-DATA using the Namf_Communication_N1MessageTransfer service operation.
d. When the SMSF receives the delivery report from the UE, it sends a CP-ACK to the UE using the Namf_Communication_N1MessageTransfer service operation

Observation 5: Procedures will be required in the AMF and SMSF for the tunnelling of NAS messages. CT4 would be responsible for defining these procedures. However, as the SMSF is the NAS termination end-point for up-link SMS transfer, it is would be expected that the Nsmsf_SMService_UplinkSMS service operation defined by CT4 would need to extract the NAS message container (containing the CP-DATA or CP-ACK) and provide that to the CP sublayer whereupon the SMSF would then refer to the procedures in 3GPP TS 24.011 [5]. Similarly, for downlink SMS message transfer, it would be expected that CT1 would refer to the procedures in 3GPP TS 24.011 [5] to describe that the SMSF forwards the CP-DATA or CP-ACK to the N20 sublayer, which would result in CT4 describing the sending of a Namf_Communication_N1MessageTransfer service operation containing the CP-DATA or CP-ACK.

NOTE: SA2 have optimised the use of message transfer over N1 and N2 by renaming the Namf_Communication_N1MessageTransfer service operation to Namf_Communication_N1N2MessageTransfer service operation

5. Reachability (UE activity notification)
The SMSF would have previously subscribed to receive a notification from the AMF when the AMF detects UE activity (e.g. Registration Request) by invoking the Namf_EventExposure_Subscribe service operation. When receiving a trigger of UE activity, the AMF will invoke the Namf_EventExposure_Notify service operation containing the reachability notification.

6. Paging
3GPP TS 23.502 [3] is not clear on what service-based operations would be used by the SMSF to sending a paging request to the AMF for MT SMS service. If the UE was in 5GMM-IDLE mode, this would result in the AMF paging the UE. If the UE was in 5GMM-CONNECTED mode and only connected to 3GPP access, the paging would result in the AMF directly sending a notification to the SMSF to start forwarding the downlink SMS. If the UE was connected to non-3GPP access and 5GMM-IDLE in 3GPP access, the paging results in the AMF sending a notification to the UE over non-3GPP access to the UE to indicate MT-SMS delivery is pending. The UE responds with a service request over non-3GPP access, which results in the AMF sending a notification to the SMSF to start forwarding the downlink SMS.

Subclause 5.2.2.4.2 in 3GPP TS 23.502 [3] appears to document the Namf_MobileTermination_EnableReachability service operation as "The consumer NF uses this service operation to make UE reachable which may lead to page UE and make UE enter connected state if required", but it does not describe the SMSF as a consumer.

7. Request to start forwarding SMS
3GPP TS 23.502 [3] is not clear on what service-based operations would be used by the AMF to send an indication to the SMSF to inform it to start forwarding the SMS. 

Observation 6: SA2 have not made it clear what service-based operations are used to describe paging and request to start forwarding SMS.

3. Conclusion and Proposal
It is clear that CT1 holds the stage 2 on SMS (3GPP TS 23.040 [4]) and stage 3 of the point-to-point SMS protocol (3GPP TS 24.01 [5]). Additionally, in the past has been responsible for the definition of protocol and procedures over network-to-network interfaces for SMS. It has already been agreed that service-based interfaces over N11 are done by CT4. However, this does not automatically mean that CT4 would be responsible for service-based interfaces over N20. As we know CT3 are also responsible for service-based interfaces.

What is clear is that at the majority of the expertise for service-based interface work seems to be in CT3 and CT4.

With that in mind, the following proposals are made:

Proposal 1: CT1 are responsible for the NAS control plane SMS procedures between the UE and SMSF. As the NAS Registration and Deregistration are pure MM procedures between the UE and AMF, it assumed that CT4 will specify the interactions between the AMF and SMSF as a result of NAS registration and deregistration.

Proposal 2: CT4 are responsible for the protocol and procedures used between the AMF and SMSF to transport NAS messages (including the necessary error handling at the protocol level and the implementation of the necessary state machines on the AMF and SMSF).

[bookmark: _GoBack]It is expected that co-ordination is needed between CT1 and CT4 to specify SMS over NAS. For example, CT1 will define the procedures at the AMF for receiving an uplink NAS transport message for SMS and will add the necessary parameters (e.g. .IMEISV, local time zone, UE's current TAI, etc) before forwarding the message to the SMSF (using N20). CT4 will then use this information to define the service based procedures required for SMS over N20. This co-ordination can be best achieved between companies offline.

The authors of this paper propose an update to the 5GS_Ph1 CT WID to capture the agreements in Proposal 1 and Proposal 2.
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