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Abstract of the contribution: This contribution introduces a further Early Data Transmission optimization for the case of a UE that mostly performs MO data/signalling.
1. Discussion
Discussion on Solution 1:
Solution 1 in TR 23.724 introduces Small Data over NAS-SM for 5G Cellular IoT, a solution that is the 5G system equivalent of Control Plane CIoT EPS Optimization in E-UTRAN/EPC. One of the options is to use Early Data Transmission for MO data. In that case, the AMF decides whether to conclude the procedure, or keep the UE connected depending on the received RAI and whether there is further data/signalling pending in the NW.
However, for a case where the UE performs almost exclusively MO data/signalling, the AMF may enable the UE to indicate immediate release to the RAN without any need to check with the AMF. This option saves a roundtrip delay between the NG-RAN and AMF which could be of several tens of seconds, which in turn allows the UE to return to RRC/CM-IDLE state quicker and start power saving solution (e.g. eDRX), saving overall power consumption. 

Observation:  Text changes are needed to Solution 1 to include Immediate RRC Release.  These include indicating request for immediate RRC completion in registration and other procedure changes.  The required text changes are provided.  
Discussion on Solution 7:

Solution 7 in TR 23.724 introduces Small Data Frequent Communication for 5G Cellular IoT, a solution that is the 5G system equivalent of User Plane EPS Optimization in E-UTRAN/EPC combined with RRC Inactive operation. One of the options is to use Early Data Transmission for MO data.    To enable fast UE release following options are suggested:

1. AS RAI may be included with the MO data
2. RAN is configured with Expected UE behaviour indicating single or dual packet.

Since the UE is in CM_CONNECTED state, the RAN can immediately release the connection once it sees an AS RAI indicating single packet or the Expected UE behaviour indicating single packet transmission unless there is a pending DL packet at the the RAN.  
Observation: No changes are required for solution 7 since it naturally incorporates the facility for immediate RRC release.
Discussion on Solution19:
Solution 19 in TR 23.724 optimizes small data transmission for UEs from CM-IDLE mode. It enables transfer of user plane data without need for the Service Request procedure.  To enable such operation, the AS context is kept in the NG-RAN including the information of the UPF connection and QoS flows when the UE is moved to CM-IDLE. When UE resumes the connection, the NG-RAN uses the information to activate the DRB. 

However, in Solution 19 even when a UE includes an AS RAI that indicates single packet, the RAN still needs to resume the N2 connection to check with the AMF if there is any pending data and therefore the RRC connection is not released immediately.  
 Obsevation: In order to facilitate an immediate release of RRC connection Solution 19 needs to be enhanced as follows.
1. Include text indicating that UE can request for immediate RRC completion during registration.

2. When immediate RRC completion is required for the UE, the UE explicitly indicates immediate RRC release along with the AS RAI in the EDT message carrying data.
2. Proposed text to TR 23.724
First Change  -- Solution 1
6.1
Solution 1: Infrequent small data transfer via NAS-SM and N6
6.1.1
Introduction

6.1.1.1
General

This solution applies to Key issue 1 (support for infrequent small data transmission). The key idea of the solution is to convey small data inside NAS PDUs between UE and SMF for PDU session types IPv4, IPv6, unstructured.

Operators are not required to upgrade all SMFs to support small data transfer via NAS as the AMF is assumed to be able to select an SMF capable of small data transfer via NAS. This enables isolation from SMFs handling non-CIoT related sessions but also allows for separate scaling of SMFs supporting small data via NAS-SM.

6.1.1.2
Architecture reference models

6.1.1.2.1
Non-roaming reference architectures
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Figure 6.1.1.2.1-1: Architecture for small data delivery via NAS and N6 (non-roaming)

6.2.1.2.2
Roaming reference architectures




Figure 6.1.1.2.2-1: Architecture for small data delivery via NAS and N6 (home-routed roaming)
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Figure 6.1.1.2.2-2: Architecture for small data delivery via NAS and N6 (roaming with local break-out)

6.1.2
Functional Description

The following principles apply:

-
Small data transfer via NAS-SM

-
Small data is exchanged between the UE and SMF as payload of SM data transfer message in both uplink and downlink direction.

-
AMF transparently forwards downlink SM data transfer messages between UE and SMF.

-
NAS transport messages are used to transfer SM data transfer messages between UE and AMF.

-
The payload container type use for the downlink/uplink NAS transport message carrying SM data transfer message is a new container type "SM data transfer". This allows the AMF to differentiate between regular SM signaling and SM data transfer and apply overload control accordingly.

-
For uplink NAS transport, the PDU session ID allows the AMF to route the SM data transfer message to the correct SMF as stored in the UE context.

-
SM data transfer messages are associated with a PDU session.

-
For a UE in CM Idle mode, it should be possible to send an initial NAS transport message with the SM data transfer message as payload.

NOTE 1:
It is currently not possible to send NAS transport message as defined in TS 24.501 [10] as Initial NAS message (the UE needs to perform service request or registration procedure first to establish a secure NAS connection between UE and AMF). It is up to CT1 to decide whether a new NAS message needs to be defined, NAS transport message is extended or service request is extended to transport SM data transfer message.

-
Supported PDU session types

-
Small data transfer supports IP and unstructured data

-
Integrity protection, ciphering and header compression

-
Integrity protection and ciphering for small data are performed by AMF (existing NAS PDU integrity protection and ciphering functionality are re-used as is)

-
UE and SMF may perform header compression for IP data

-
AMF selection

Editor's note:
How to select an AMF supporting Data over NAS is FFS.

-
SMF selection

-
During the PDU session establishment procedure the UE indicates request for Data Transfer over NAS-SM to be enabled along with the regular information DNN, S-NSSAI if applicable. The AMF takes the Data Transfer over NAS-SM request into account to select an SMF that supports Data Transfer over NAS-SM.

NOTE 2:
Support of API(s) for infrequent small data transmission and capability exposure to AF will be described in other solutions (which build on top of this solution) .

-
Releasing the UE based on Release Assistance Indication provided by the UE

-
Option 1 (Release Assistance Indication in NAS-MM)

-
The UE sends Release Assistance Indication to the AMF inside the NAS PDU, i.e. outside the SM data transfer message embedded in the NAS PDU.

-
The AMF handles the Release Assistance Indication as follows:

-
if the Release Assistance Indication indicates that no further uplink or downlink data transmissions are expected and unless the AMF is aware of other pending MT traffic, the AMF requests NG-RAN to release the UE context;

-
if the Release Assistance Indication indicates that only a single downlink data transmission subsequent to this uplink data transmission is expected, then the AMF requests NG-RAN to release the UE context once the AMF has forwarded the next downlink NAS transport message with container type "SM data transfer" to the UE unless the AMF is aware of other pending MT traffic.

-
Option 2 (Release Assistance Indication in AS)

-
The UE sends Release Assistance Indication (RAI) in AS. RAI indicates whether no further uplink/downlink transmissions or only a single downlink transmission is expected.

-
When NG-RAN receives Release Assistance Indication from the UE in AS, NG-RAN shall maintain the UE's RRC connection in case RRC connection establishment procedure was executed, and include an N2 RAI indication (no further uplink/downlink transmissions or only a single downlink transmission) in the Initial UE message or the next Uplink NAS transport message;

-
The AMF evaluates the N2 RAI as follows:

-
If the N2 RAI indicates no further uplink/downlink transmissions and the AMF is not aware of any pending DL data for the UE (e.g. a pending SMS or pending DL data buffered e.g. in SMF/UPF as part of extended buffering), the AMF sends the N2 UE Context Release Command to NG-RAN as per the AN Release procedure (TS 23.502 [7], clause 4.2.6)

-
If the N2 RAI indicates only a single downlink transmission is expected, the AMF sends the N2 UE Context Release Command to NG-RAN as per the AN Release procedure (TS 23.502 [7], clause 4.2.6) once the AMF has forwarded the next downlink NAS transport message with container type "SM data transfer" to the UE and unless the AMF is aware of other pending MT traffic.

NOTE 3:
The Release Assistance Indication in AS can also support UP-based data delivery. In this case the RAN is expected to send the N2 UE Context Release Request including the N2 RAI to the AMF. The AMF sends the N2 UE Context Release Command to NG-RAN unless the AMF is aware of other pending MT traffic. The RAN releases the UE once it has received the N2 UE Context Release Command from the AMF and once an outstanding UP downlink transmission has been received (if applicable).

Editor's note:
It is FFS if one or both options are used as the way forward. The details of Option 2 require coordination with RAN WGs

-
Early Data Transmission may be initiated by the UE for mobile originated small data over NAS-SM.
-
Faster RRC release for UE that have predominantly MO traffic may be achieved as follows

- 
During registration procedure UE requests for immediate RRC completion of EDT to be allowed. 

-
The AMF, based on subscription information, local policies and/or network support, decides to allow immediate RRC completion of EDT. In that case, the AMF provides an Allowed immediate RRC completion of EDT indication in registration accept. 

-
If the AMF provided the Allowed immediate RRC completion of EDT indication, when the UE has one and only one UL message to send it sends RRCEarlyDataRequest message, including an Immediate RRC completion of EDT indication. 

-
The NG-RAN, based on the received indication,and configuration, immediately sends RRCEarlyDataComplete message to the UE and forwards the NAS payload to the AMF via N2 message. 
NOTE: 
The Immedtiate RRC completion of EDT indication is an RRC indication. For Option 1 (Release Assistance Indication in NAS-MM) above, the UE would have immediate RRC completion of EDT indication in RRC to be used by RAN node, and RAI in NAS-MM to be used by the AMF, e.g. in case the eNB decides to ignore the immediate RRC completion of EDT indication. 
6.1.3
Support of EPC interworking

EPC interworking for small data transfer via NAS-SM uses the architecture for EPC-5GC interworking with N26 as specified in TS 23.501 [5] clauses 4.3.1 and 4.3.2 as a baseline.

The following principles apply:

-
Idle-mode mobility from 5GS to EPS is performed as per the procedure described in TS 23.502 [7] clause 4.11.1.3.2 with the following differences:

-
Step 5b: When the SMF returns the mapped EPS bearer contexts to the AMF the SMF sets the Control Plane Only PDN Connection Indication for Data over NAS-SM PDU sessions.

-
Idle-mode mobility from to EPS to 5GS is performed as per the procedure described in TS 23.502 [7] clause 4.11.1.3.3 with the following differences:

-
AMF indicates support of CIoT Optimizations when requesting the UE context from the MME via N26;

-
for a PDN connection for which Control Plane Only PDN Connection Indication is set,

-
in case of home-routed roaming,

-
Step 14: the AMF selects a V-SMF supporting small data over NAS-SM;

-
Step 14: the V-SMF configures the UPF for data transfer via N4;

6.1.4
Procedures

6.1.4.1
PDU Session Establishment


This procedure takes the PDU Session Establishment procedure as described in TS 23.502 [7], clause 4.3.2.2.1 as the baseline.
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Figure 6.1.4.2-1: PDU Session Establishment enabling Data over NAS-SM

1.
The UE sends a PDU session establishment request message as SM payload of a NAS transport message. The NAS transport message contains PDU session ID and a "Data transfer over NAS-SM preference" routing indication along with other regular information e.g. DNN, S-NSSAI, etc. if applicable.
2.
The AMF selects the SMF based on DNN, S-NSSAI and local operator policies or configuration as described in TS 23.501 [5] clause 6.3.2, additionally the AMF takes the received "Data transfer over NAS-SM requested" routing indication received from the UE into account to select an SMF that supports Data over NAS-SM if available for the requested DNN, and S-NSSAI if it applies. The AMF stores the association of the PDU Session ID and the selected SMF ID in the UE context. The network chooses to transfer data to the DN via N6.

Editor's note:
The routing of data via an API from 5GC to SCS/AS is FFS.

3.
The AMF forwards the Data transfer over NAS-SM requested routing indication to the SMF by invoking Nsmf_PDUSession_CreateSMContext request. The SMF replies with an Nsmf_PDUSession_CreateSMContext Response.
4.
The SMF may perform a Session Management Policy Establishment procedure

5.
The SMF selects a UPF.

6.
The SMF configures the UPF for data transfer via N4.

7.
The SMF sends a PDU Session Establishment Accept providing indication that Data Over NAS-SM is enabled for this PDU session without including the N2 SM container.8.
The AMF forwards the NAS message to the UE.

6.1.4.2
Mobile Originated Data Transport via NAS-SM and N6
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Figure 6.1.4.2-1: Mobile Originated Data Transport via NAS-SM

0.
The UE is in CM-IDLE.

1.
The UE establishes an RRC connection or sends the RRCEarlyDataRequest message and sends a NAS PDU as part of this. The NAS PDU carries encrypted uplink data as payload of an SM data transfer message and a PDU session ID.  If immediate RRC completion has been negotiated during registration, the UE may include a immediate RRC completion indication in RRCEarlyDataRequest message.
1a. If immediate RRC completion is indicated in step1, the NG-RAN sends RRCEarlyDataComplete to the UE and  Step 3b is skipped.
2.
NG-RAN forwards the NAS PDU to the AMF. If RRCEarlyDataRequest message was received in step 1, the NG-RAN includes "EDT Session" indication in the N2 Initial UE message. For Option 2, the NG-RAN further indicates request to release RRC connection including immediate RRC completion if received, in N2 Initial UE message.  
NOTE:  If immediate RRC completion is received at the AMF and the UE has not negotiated immediate RRC release, the AMF may proceed to deregister the UE.
3.
AMF checks the integrity of the incoming NAS PDU and decrypts the data it contains.

3a.
If the AMF received "EDT Session" indication from the NG-RAN in step 2, the AMF sends an N2 message to the NG-RAN.

a)
If the Release Assistance Information was received from UE in Option 1 with Uplink data and it indicated that Downlink data was not expected or if the AMF received a request to release RRC connection in N2 Initial UE message for Option 2, and the AMF does not expect any other signalling with the UE, the AMF should

-
either send a NAS service accept in the N2 Downlink NAS message and include End Indication to indicate that no further data or signalling is expected with the UE; or, 

-
alternatively, instead of a NAS service accept, the AMF sends an N2 Connection Establishment Indication message including End Indication to indicate that no further data or signalling is expected with the UE.

b)
If the AMF determines more data or signalling may be pending, the AMF sends an N2 connection establishment indication message without End Indication.

3b.
In case 3a was executed, the NG-RAN completes the RRC early data procedure as follows. 

a)
For the case of 3a.a) the NG-RAN proceeds with RRCEarlyDataComplete message. The procedure is completed in Step 5.

b) For the case of 3a.b) the NG-RAN proceeds with RRC connection establishment procedure. In that case all steps up to step 12 apply,

4.
AMF forwards the data to the (V-)SMF handling the PDU session identified by the PDU session ID contained in the NAS transport message.

Editor's note:
Whether a new or an existing service operation of SMF should be invoked in this step is FFS.

5.
The (V-)SMF decompresses the header if header compression applies to the PDU session. The V-SMF forwards the data to the UPF. (In the home-routed roaming case, the UPF may forward the data to a different UPF in the HPLMN via N9.) The UPF forwards the data to the DN, In case of unstructured data, tunneling may be applied according to clause 5.6.10.3 in TS 23.501 [5].

6.
[Conditional] The UPF forwards available downlink data to the (V-)SMF,

7.
[Conditional] The (V-)SMF compresses the header if header compression applies to the PDU session and encapsulates the downlink data as payload in an SM data transfer message. The (V-)SMF forwards the SM data transfer message and the PDU session ID to the AMF using the Namf_Communication_N1N2MessageTransfer service operation.

8.
[Conditional] The AMF creates a DL NAS transport message with the received PDU session ID and the SM data transfer message (container type is set to SM data transfer). The AMF ciphers and integrity protects the NAS transport message

9.
[Conditional] The AMF sends the DL NAS transport message to NG-RAN.

10.
[Conditional] NG-RAN delivers the NAS payload over RRC to the UE.

11.
[Conditional] If no further NAS PDU activity is detected by NG-RAN, then NG-RAN triggers the AN release procedure.

12.
The UE's logical NG-AP signaling connection and RRC signaling connection are released as per TS 23.502 [7] clause 4.2.6.

NOTE:
How the UE is released based on Release Assistance Information is covered in clause 6.1.2.

Editor's note:
The exact NGAP messages to be used for this procedure are expected to be discussed with RAN3.

6.1.4.3
Mobile Terminated Data Transport via NAS-SM and N6
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Figure 6.1.4.3-1: Mobile Terminated Data Transport via NAS-SM

1.
The UPF forwards a downlink data packet to the SMF.

2.
The (V-)SMF compresses the header if header compression applies to the PDU session and encapsulates the downlink data as payload in an SM data transfer message. The (V-)SMF forwards the SM data transfer message and the PDU session ID to the AMF using the Namf_Communication_N1N2MessageTransfer service operation.

3.
[Conditional] If the UE is in CM Idle, the AMF sends a paging message to NG-RAN.

4.
[Conditional] If NG-RAN received a paging message from AMF, NG-RAN perform paging.

5.
[Conditional ] If the UE receives paging message, it responds with service request.

7.
The AMF creates a DL NAS transport message with the received PDU session ID and the SM data transfer message (container type is set to SM data transfer). The AMF ciphers and integrity protects the NAS transport message

8.
The AMF sends the DL NAS transport message to NG-RAN.

9.
NG-RAN delivers the NAS payload over RRC to the UE.

10.
While the RRC connection is established further uplink and downlink data can be exchanged. In order to send uplink data, the UE sends an integrity protected NAS PDU as RRC uplink data. The NAS PDU carries encrypted uplink data as payload of an SM data transfer message and a PDU session ID.

11.
NG-RAN forwards the NAS PDU to the AMF.

12.
AMF checks the integrity of the incoming NAS PDU and decrypts the data it contains.

13.
AMF forwards the data to the (V-)SMF handling the PDU session identified by the PDU session ID contained in the NAS transport message.

Editor's note:
Whether a new or an existing service operation of SMF should be invoked in this step is FFS.

14.
The (V-)SMF decompresses the header if header compression applies to the PDU session. The V-SMF forwards the data to the UPF. (In the home-routed roaming case, the UPF may forward the data to a different UPF in the HPLMN via N9.) The UPF forwards the data to the DN, In case of unstructured data, tunneling may be applied according to clause 5.6.10.3 in TS 23.501 [5].

15.
[Conditional]
If no further NAS PDU activity is detected by NG-RAN, then NG-RAN triggers the AN release procedure.

16.
The UE's logical NG-AP signaling connection and RRC signaling connection are released according to TS 23.502 [7] clause 4.2.6.

NOTE:
How the UE is released based on Release Assistance Information is covered in clause 6.1.2.

Editor's note:
The exact NGAP messages to be used for this procedure are expected to be discussed with RAN3.

6.1.5
Impacts on existing entities and interfaces

Editor's note:
This clause describes impacts to existing entities and interfaces.
The impacts on existing interfaces and entities to provide immediate RRC completion are as follows:

In the UE

-
Negotiation of Immediate RRC completion in NAS registration procedure.

-
Including Immediate RRC completion in RRCEarlyDataRequest

In the NG-RAN

-
Receiving Immediate RRC completion in RRCEarlyDataRequest and sending RRCEarlyDataComplete before any exchange with AMF.

In the AMF:

-
Enabling of Immediate RRC completion during registration procedure.

-
Receiving Immedaite RRC completion indication in N2 Initial UE context message

6.1.6
Evaluation

Editor's note:
This clause provides an evaluation of the solution.

	Second  Change  -- Solution 19


6.19
Solution 19: 5GS UP Optimization for Infrequent Small Data Transmission
6.19.1
Introduction

This solution addresses the Key Issue 1: Support for infrequent small data transmission. This solution has commonality with RRC procedure for RRC-Inactive, which can resolve Key issue 2: Frequent small data communication.

This solution is to optimize small data transmission for theUEs from CM-IDLE mode. It enables transfer of user plane data without need for the Service Request procedure. It is proposed to keep AS context in the NG-RAN including information the UPF connection and relevant QoS flow(s) to be used for the connection, even when UE moves into CM-IDLE. When UE resumes the connection, the NG-RAN uses the information to activate DRB, AS security and User Plane connectivity over N3 for the small data packet delivery to the UPF. The UPF also keeps N3 tunnel information for the PDU session to allow UL data transmission.
This solution has following characteristics:

-
The AS context contains information related to the N3 tunnel, N2AP association, UE context and DRB context, AS security information, Header Compression context, and any necessary for RRC resume. The AS context is configured during PDU session establishment or registration.

Editor's note:
The content of the AS Context should be further confirmed by RAN WG.

-
UE and NG-RAN may perform header compression for IP data based on the Header Compression context.

-
The AS context is kept in NG-RAN and UE after the connection suspend procedure.

-
AS security context is established between the NG-RAN and the UE. Therefore, existing AS security mechanism is re-used.
-
NG-RAN performs Connection Suspend procedure to suspend the connection for the UE. NG-RAN indicates release cause set to RRC-suspend, and includes the resume ID which is stored by the UE.
Editor's note:
It should be further confirmed by RAN WG to use RRC Connection Release procedure for connection suspend.
-
UE performs Connection Resume procedure using resume ID from CM-IDLE/RRC-IDLE state. So this solution is also applicable to MICO mode UE.
Editor's note:
It should be further confirmed by RAN WG to use Connection Resume procedure that is used for RRC-Inactive in NR.
-
After the UE performs RRC resume procedure, if NG-RAN determines if the AS context for the UE is valid, then the NG-RAN derives the AS security information, DRB, QoS flow and N3 tunnel information for the UE. The NG-RAN activates AS security, related DRB(s) and N3 tunnel(s).
-
As NG-RAN keeps N3 Uplink Tunnel Endpoint ID in the AS context, user plane for uplink transmission is maintained. Also UPF keeps N3 Uplink Tunnel Endpoint ID to allow UL data.
-
In case of serving NG-RAN is changed, new NG-RAN sends N3 Downlink TEID to SMF, and SMF updates this information to UPF so that path for downlink data transmission becomes available.
-
In case of selective activation of UP connections during service request procedure or CN-initiated selective deactivation of UP connection (see TS 23.502 [7]),  when the UE enters CM-IDLE via Connection Suspend procedure the AS context only contains the PDU session(s) that are active. When there is MO Data, the procedure is as follows:

-
The UE performs Connection Resume procedure at RRC layer. The UE and NG-RAN resume the PDU sessions that were active during Connection suspend procedure.

-
RRC layer notifies NAS the change of state to RRC connected and the PDU session(s) that are active. The NAS needs to be aware that all PDU session(s) that were active during Connection suspend procedure will be reactivated at the next RRC resume procedure, regardless of whether NAS needs this or not. If the NAS requires to further activate PDU session(s) that is/are not active, the UE initiates service request from CM connected, i.e. after Conenction resume procedure is complete, to activate the necessary PDU session(s).

NOTE:
Given that IoT devices are not likely to have a large number of PDU sessions, to reduce power consumption and signalling it is recommended that selective activation/deactivation of UP connection(s) is not used and all PDU sessions are activated when the UE is in CM-CONNECTED.
6.19.2
Functional Description
6.19.2.1
General
The AS context is stored in NG-RAN and it includes the relevant UPF or PDU session related information for the UE, which has been provided during PDU session establishment. During PDU Session establishment procedure, SMF provides N2 SM information which is stored in the NG-RAN in the AS Context. The UE and the NG-RAN use Resume ID to identify AS context.
When NG-RAN suspends the RRC connection to the UE, NG-RAN notifies the AMF with the AS context to be kept in the AMF as transparent. If new serving NG-RAN fails to retrieve the AS context from the old NG-RAN, the NG-RAN asks to the AMF to retrieve the AS context stored in the AMF.
When UE in CM-IDLE to send UL data or the UE receives paging message, the UE request to resume RRC Connection, if there is suspended AS context stored in the UE. During resume procedure, the NG-RAN derives necessary information to activate AS security, DRB and the path over N3 to the UPF. After RRC connection established, the UE can send UL data, and then the RAN forwards the data on the N3 interface. Given all information required to forward UL data is derived from the AS context for the UE, the NG-RAN does not have to signal to the AMF before sending UL data. The NG-RAN conditionally (e.g. if a DL tunnel is expected to be needed based on AS RAI) notifies AMF of UE's connection resume without depending on timing of UL data forwarding.

For Early Data Transmission with early RRC release:

- 
During registration procedure UE requests for immediate RRC completion of EDT to be allowed. 

-
The AMF, based on subscription information, local policies and/or network support, decides to allow immediate RRC completion of EDT. In that case, the AMF provides an Allowed immediate RRC completion of EDT indication in registration accept. 

-
If the AMF provided the Allowed immediate RRC completion of EDT indication, when the UE has one and only one UL message to send it sends AS RAI, including an Immediate RRC completion of EDT indication. 

-
The NG-RAN, based on the received an Immediate RRC completion of EDT indication, and configuration may immediately send RRCConnectionRelease message to the UE.
6.19.2.2
Mobility
Connected mode mobility is supported by existing handover procedures.
When the UE requests RRC resume and if the NG-RAN doesn't have valid AS context to resume the UEs connection, the NG-RAN performs context fetch to retrieve the valid AS context that is kept in the last serving NG-RAN.

If there is Xn connectivity, the new NG-RAN performs NGAP procedure for context fetch with the last serving NG-RAN. If there is no Xn connectivity, the new NG-RAN requests the context from the last serving NG-RAN

NOTE:
For the case that the old NG-RAN is not within Xn connectivity area, RAN3 WG need to study whether indirect context retrieval via AMF or another NF is to be defined.
If the NG-RAN node fails to fetch the valid AS context, the NG-RAN should reject resume and UE follows procedures that will be defined in stage-3.
When the UE enters a new TA currently not part of the UE registration area, the UE requests RRC resume and will initiate a NAS registration update. The SMF shall subscribe UE location change to the AMF in order to determine UPF re-allocation and update N3 tunnel information. The SMF may subscribe change of serving NG-RAN node to the AMF in order to determine update of N3 tunnel information.

6.19.2.3
Security
This solution allows existing AS security mechanism as it is.
6.19.3
Support of EPC Interworking

Editor's note:
This clause describes if and how EPC-5GC interworking is supported by this solution.
6.19.4
Procedures

6.19.4.1
PDU Session Establishment
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Figure 6.19.4-1: UE-requested PDU Session Establishment for 5GS UP Optimization
It is assumed that the UE has already registered in the 5G system.

When UE requests PDU session establishment, the UE indicate to use 5GS UP optimization to the AMF, and the AMF indicates the request of 5GS UP optimization to the SMF. During PDU Session establishment procedure, the SMF informs NG-RAN of the established PDU session is used for 5GS UP Optimization. The SMF needs to know usage of 5GS UP optimization for the PDU session for keeping N3 UL TEID. The NG-RAN needs to know usage of 5GS UP optimization for determining to apply RRC suspend/resume and store the information for the PDU Session in the AS context.

1.
The UE provides an indication that it wants to use 5GS UP Optimization (e.g., use of Resume/Suspend procedure) to the AMF.

Editor's note:
It is assumed that NG-RAN broadcasts system information with indicating the support of resume/suspend.

2.
AMF selects an SMF that supports the use of 5GS UP Optimization
3.
The AMF indicates the support of 5GS UP Optimization in the Nsmf_PDUSession_CreateSMContext Request operation. Then the SMF considers this PDU session establishment message is for 5GS UP Optimization, and can determine the UP connection for this PDU session should not be de-activated.
The AMF provides the registration area of the UE to the SMF in order to assist that the SMF selects the UPF which can be maintained while UE mobility happens within the registration area.

NOTE:
It is assumed UPF would not be changed in the registration area. If UE moves out of the registration area, UPF can be re-allocated during mobility registration procedure, by invoking Nsmf_PDUSession_UpdateSMContext.

…
8.
SMF selects a UPF that supports the 5GS UP optimization.
…

11.
SMF includes the indication of 5GS UP Optimization in N2 SM message to the NG-RAN so that NG-RAN can decide to perform RRC suspend procedure to the UE, and to store information for the PDU session in the AS context.

…

6.19.4.2
UL data transmission from CM-IDLE
The following figure shows an example of how MO small data packet is delivered from the UE.
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Figure 6.19.4.2-1: MO data Transmission using 5GS UP Optimization
1a/1b.
The UE triggers RRC Connection Resume procedure including Resume ID which identifies the AS context stored in the NG-RAN. Using the valid AS Context for the UE, the NG-RAN performs AS security check, DRB is established, and NG-RAN enables N3 UL TEID for data delivery.


If the Resume ID indicates another NG-RAN within Xn connectivity, i.e., old NG-RAN, the NG-RAN performs direct context fetch via Xn.

NOTE:
For the case that the old NG-RAN is not within Xn connectivity, RAN3 WG need to study whether indirect context fetch via AMF or another network function is to be defined.

If NG-RAN fails to get valid AS context, it rejects RRC Connection Resume with an appropriate cause, so that the UE performs the related NAS procedure.

UE can send UL data right after successful RRC Connection Resume procedure. The NG-RAN forwards the UL data received from the UE to the UPF by using N3 UL TEID in the AS context.

2.
If NG-RAN expect no DL data e.g. based on AS RAI indicating single packet or based on the Expected UE Behavior (with Release Assistance Information/Traffic Pattern/Traffic Profile available in the UE context in NG-RAN) indicating single packet (and the AS RAI is not present), NG-RAN immediately suspends the RRC connection and this procedure stops here. If NG-RAN expect DL data, the NG-RAN notifies the AMF that UE connection has been resumed by sending N2AP message which includes N2 SM info and PDU Session ID. The NG-RAN includes N3 DL TEID for the PDU session in the N2 SM message.

3.
The AMF enters CM-Connected state. The AMF identifies the UE context, and forwards N2 SM message to the SMF.

4.
The SMF identifies the UE and the PDU session. If there is N2 SM message in the Nsmf_PDUSession_UpdateSMcontext request message, the SMF performs N4 Session Modification to update N3 DL TEID to the UPF.


If there is DL data arrived for the UE, the UPF forwards the data to the NG-RAN using N3 DL TEID.

5.
The SMF sends Nsmf_PDUSession_UpdateSMcontext response. If there is any change for the PDU session e.g., in case of the QoS targets cannot be fulfilled for a QFI, the SMF informs this information in the N2 SM information.

6.
The AMF acknowledges the connection resume to the NG-RAN. If there is change of PDU session as received in N2 SM message from the SMF, NG-RAN can perform RRC reconfiguration. The AMF shall also provide the indication of single or dual packet information to NG-RAN (e.g. by including the Expected UE Behavior) in case the NG-RAN does not already have this information).
Editor's note:
Whether existing AS RAI can be re-used when the UE is aware of potential pending DL data in the CN is FFS.
6.19.4.2b
UL data transmission from CM-IDLE with Early Data Transmission
The following figure shows a single MO small data delivered from the UE using Early Data Transmission.  In addition, the use of immediate RRC completion is also considered.
NOTE:
For Early Data Transmission with dual or multiple packet transmission, or unknown number of packets, the procedure continues after step 1a as in previous clause 6.19.4.2 except that first UL data packet does not require a specific UL message from UE to RAN. 
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Figure 6.19.4.2b-1: Single MO data Transmission using 5GS UP Optimization and EDT and immediate RRC release
1.
The UE sends RRC Connection Resume Request with the UL data included as Early Data Transmission with the RRC Connection Resume Request. Using the valid AS Context for the UE, the NG-RAN enables N3 UL TEID for data delivery.   The UE may also include immediate RRC completion indication with the RRC Connection Resume request.
NOTE: Details of how Immeditate RRC completion is indicated in AS are to be discussed in RAN2.


2. The NG-RAN forwards the UL data received from the UE to the UPF by using N3 UL TEID in the AS context.
      If no immediate RRC completion indication is received in step 1, then the procedure follows from Step 2 and forward of 6.19.4.2.   Steps 3 and 4 are not performed.
3. If the  RRCconnection resume request received in step 1 includes immediate RRC release, the RAN sends a RRC connection release with suspend indication to the UE.

4.
UE and RAN remain suspended with UE remaining in CM_IDLE

6.19.4.3
DL data transmission
The following figure shows an example of how MT small data packet is delivered to the UE in CM-IDLE.
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Figure 6.19.4.3-1: MT data Transmission using 5GS UP Optimization

1.
At arrival of DL data, UPF notifies to SMF.

2a.
The SMF determines the AMF serving the UE, and invokes Namf_Comm_N1N2MessageTransfer to the AMF including PDU Session ID.

2b.
The AMF responds to the SMF.

3.
The AMF send a paging message to the NG-RAN
4.
The NG-RAN performs paging to the UE

5.
The UE triggers RRC Connection Resume procedure including Resume ID which identifies the stored AS context in the NG-RAN. Using the valid AS Context for the UE, the NG-RAN performs security check, DRB is established, and NG-RAN enables N3 DL TEID for data delivery.

If the Resume ID indicates another NG-RAN within Xn connectivity, i.e., old NG-RAN, the NG-RAN performs direct context fetch via Xn.

NOTE:
For the case that the old NG-RAN is not within Xn connectivity, RAN3 WG need to study whether indirect context fetch via AMF or another network function is to be defined.

If the NG-RAN fails to retrieve valid AS context, it rejects the RRC connection Resume with an appropriate cause, so that the UE performs Service Request.
6.
The NG-RAN notifies the AMF that UE connection has been resumed by sending N2AP message which includes N2 SM message and PDU Session ID. The NG-RAN includes N3 DL TEID for the PDU session in the N2 SM message.
7.
The AMF enters CM-Connected state after receiving the N2AP message. The AMF determines the SMF based on the PDU Session ID received from step 2a and 6, and the AMF sends N2 SM message to the SMF.

8.
The SMF identifies the UE and the PDU session. Based on the received N2 SM message, the SMF performs N4 Session Modification to update N3 DL TEID to the UPF. The UPF forwards the data to the NG-RAN using N3 DL TEID.

9.
The SMF sends Nsmf_PDUSession_UpdateSMcontext response.

10.
The AMF acknowledges the connection resume to the NG-RAN.
6.19.4.4
Connection Suspend procedure

This procedure is used by the NG-RAN to suspend the connection if 5GS UP Optimization is supported.
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Figure 6.19.4.4-1: Connection Suspend procedure

1.
The NG-RAN initiates the Connection Suspend procedure to the AMF. In the N2 message, the NG-RAN includes all PDU Session ID(s) that have been activated.
2.
The AMF sends Nsmf_PDUSession_UpdateSMContext Request to inform connection suspend of the PDU Session, based on the PDU session ID(s) in step 1.

3.
The SMF determines to disable N3 DL TEID for the PDU session as UE goes to RRC suspended while SMF keeps N3 UL TEID to allow uplink data transmission when UE resumes the connection. The SMF performs N4 Session Modification procedure with UPF to disable N3 DL TEID. The UPF enables Downlink Data Notification.

4.
The SMF sends Nsmf_PDUSession_UpdateSMContext Response to the AMF.

5.
The AMF sends UE Context suspend response to the NG-RAN to successfully complete the connection suspend procedure.

6.
The NG-RAN sends RRC message to suspend the RRC Connection toward the UE with including the Resume ID to be used for identifying the AS context for the RRC connection resume. The UE keeps the AS context.
6.19.4.5
CN-initiated UP Deactivation procedure

For UE in CM-CONNECTED with multiple active PDU sessions, when SMF decides deactivation of a PDU session for the UE, it may decide also whether UP optimization will be applied for the PDU session based on triggering condition for PDU session deactivation (e.g. UPF reports inactivity for the PDU session). When the SMF decides to apply UP optimization for the PDU session which will be deactivated, it informs RAN to store corresponding AS context for 5G UP optimization support when UE in CM-IDLE tries to transmit UL data.
Editor's note:
It is FFS whether selective PDU Session deactivation needs to be applied for CIOT in 5G System.

Editor's note:
The need for CN-initiated UP Deactivation procedure will be separately evaluated and concluded from other part of the solution 19.
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Figure 6.19.4.5-1: CN-initiated UP Deactivation procedure
0.
It assumes that UE established multiple PDU sessions with 5GS UP Optimization which includes uplink session.

1.
During UE in CM-CONNECTED state, the SMF determines that UP connection of the PDU session needs to be deactivated. And SMF also determines whether whole UP connection will be deactivated (for example, for the case that UE is reported as out of allowed area or our of LADN service area) or uplink UP connection will be maintained for 5G UP optimization (for example, UPF's report of inactivity case).

2.
The SMF performs N4 Session Modification procedure with UPF to disable N3 DL and UL TEIDs or disable only N3 DL TEID while keeping N3 UL TEID.

3.
The SMF may send an N11 message containing N2 SM Session Release Request to release the (R)AN resources associated with the PDU session and may include indication of 5G UP optimization.
4.
The AMF forwards the N2 SM Session Release Request to the RAN.

5.
RAN releases AS resource for the PDU session as indicated N2 SM Session Release Request. When 5G UP optimization is indicated in the message, RAN stores AS context of the PDU session for 5G UP optimization support when UE transmits UL data from CM-IDLE. The RAN may issue NG-RAN specific signalling (e.g. RRC connection reconfiguration) to the UE. After deactivation of the PDU Session, if the PDU session needs to be activated, UE and 5G CN will follow Service Request procedure as specified in subclause 4.2.3 of TS 23.502 [7] until UE transits to CM-IDLE state.

6.
The RAN acknowledges the N2 Session Release Request by sending an N2 PDU Session Response to the AMF.

7.
The AMF sends an N11 message to acknowledge the SM request received in step 4.

8.
After UE entered CM-IDLE state through Connection Suspend procedure specified in subclause 6.19.4.4, UE may trigger RRC Resume procedure including Resume ID for uplink data transmission.

9.
RAN may respond RRC Resume request with updated AS context including the AS context saved at step 5 in addition to the AS context saved during Connection Suspend procedure specified in subclause 6.19.4.4.

10. UE may transmit uplink data according to the AS context after receiving response from RAN at step 9. And other following procedure as specified in subclause 6.19.4.2 will proceed.

6.19.5
Impacts on existing entities and interfaces

Editor's note:
This clause describes impacts to existing entities and interfaces.
The following are impacts for adding immediate RRC completion:

In the UE

-
Negotiation of Immediate RRC completion in NAS registration procedure.

-
Including Immediate RRC completion in RRCConnectionResume
In the NG-RAN

-
Receiving Immediate RRC release in RRCConnectionResume and sending RRC Connection release before any exchange with AMF.

In the AMF:

-
Enabling of Immediate RRC completion during registration procedure.

-
Receiving Immediate RRC completion indication in N2 Initial UE context message
6.19.6
Evaluation

Editor's note:
This clause provides an evaluation of the solution.
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