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Background
According to TS 38.300 clause 9.2.2

If the UE accesses a gNB other than the last serving gNB, the receiving gNB triggers the XnAP Retrieve UE Context procedure to get the UE context from the last serving gNB and may also trigger a Data Forwarding procedure including tunnel information for potential recovery of data from the last serving gNB. Upon successful context retrieval, the receiving gNB becomes the serving gNB and it further triggers the NGAP Path Switch Request procedure. After the path switch procedure, the serving gNB triggers release of the UE context at the last serving gNB by means of the XnAP UE Context Release procedure.

There is no other alternative then to select a new serving gNB and perform path switch for a UE that has mobility within the RNA. For small data transmissions, the RAN-CN signalling to move the N2/N3 tunnels for a single UP packet seem very inefficient for a UE that moves around within a limited area (RNA).
Extract from TS 38.300
9.2.2.4.1
UE triggered transition from RRC_INACTIVE to RRC_CONNECTED

The following figure describes the UE triggered transition from RRC_INACTIVE to RRC_CONNECTED:
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Figure 9.2.2.4.1-1: UE triggered transition from RRC_INACTIVE to RRC_CONNECTED

After performing step 5 described in above procedure, the tunnel between the two gNBs are established for data forwarding. The additional work in RAN to support the described use case seems limited. Naturally this needs to be confirmed by RAN working groups (RAN2 and RAN3). 
Observation: The solution is mainly in the RAN domain, only a small indication in the UE context and Resume message is needed to differentiate between a UE having a small data PDU session and a UE having a normal PDU session.

According to RAN (TS 38.331 ver. 15.3.0), the RNA configuration consisting of three information fields e.g. RAN-NotificationAreaInfo, PLMN-RAN-AreaConfig and PLMN-RAN-AreaCell are sent in the RRC_Release message. There is a small benefit to not including these IE in the RRC_Release message for UEs that have had mobility within the RNA.
Proposal: Agree that data forwarding between new serving gNB and anchor gNB within a RNA should be moved into normative work.
Proposal

Adding text to solution 36 evaluation clause and conclude that this solution should be part of the normative work for Rel-16.
* * * Start of first change * * * 

6.36
Solution 36: CM-CONNECTED with RRC Inactive state for frequent small data transmission
6.36.1
Introduction
This solution applies to Key issue 2 (Frequent small data communication). The key idea of the solution is to introduce CM-CONNECTED with RRC Inactive for frequent small data transmission.
6.36.2
Functional Description

CM-CONNECTED with RRC Inactive is used for frequent small data transmission with following enhancement:

-
The SMF sends Small Data Information to the RAN to assist the RAN's decision whether the UE can be sent to RRC Inactive state as described in subclause 6.28.2. The Frequent Small Data Information may include frequent small data indication, communication pattern, etc. The SMF may retrieve Small Data Information based on network configuration, user subscription, etc.

-
The UE may send Request for Small Data in RRC Resume Request.
-
The RAN may decide not to switching N3 path to serving RAN to avoid unnecessary N2 signalling and UE reconfiguration of RNA due to new anchor RAN node after the path switch.
Additionally, following enhancement for supporting the UP CN-initiated deactivation of UP connection procedure specified in clause 6.36.4.3:
-
The RAN may remove the PDU session context locally without RAN paging during the CN-initiated deactivation of UP connection for a UE in RRC connection inactive state.
6.36.3
Support of EPC interworking
Editor's note:
This clause describes if and how EPC-5GC interworking is supported by this solution.

6.36.4
Procedures

6.36.4.1
Connection Inactive procedure
The serving RAN node may decide to move the UE to RRC Inactive state based on UE activity small data Information, etc. as described in subclause 6.28.2, when the UE is in CM-CONNECTED with RRC Connected state.

NOTE:
The details of the procedure will be defined by RAN Group in Rel-15.
6.36.4.2
Connection Resume procedure
The Connection Resume procedure is used by the UE to perform RRC Inactive to RRC Connected state transition. After the Resume procedure, the UE may deliver small data via resumed user plane.
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Figure 6.36.4.2-1: Resume procedure for small data transmission
1.
UE to RAN: RRC Resume Request (Resume ID, Request for Small Data)


The UE initiates the transition from RRC Inactive state to RRC Connected state. Optionally, the UE may include Request for Small Data in the Resume Request.
2.
[Conditional] The new RAN node performs UE Context Retrieval.


UE Context Retrieval is performed when the UE Context associated with the UE attempting to resume its connection is not locally available at the new RAN. The UE Context Retrieval via radio access network is specified in TS 38.300 [19].
The new RAN, based on the "Small Data Information" received from the SMF or Request for Small Data received from the UE, may decide to establish a forwarding tunnel between target RAN and old RAN rather than to switch N3 Path switch for frequent small data transmission.

NOTE 1:
The old RAN node keep the UE context, since the N3 tunnel is not switched to the new RAN node

NOTE 2:
Existing mechanisms can be reused to establish the forwarding tunnel between the Old RAN and the target RAN.
NOTE 3:
How RAN makes decision whether to establish forwarding tunnel or N3 path switch on receiving both "Small Data Information" and Request for Small Data is up to RAN implementation.

Editor's note:
Further description of the solution in terms of how "small data request" is carried in RRC signalling and handling at RAN are FFS and needs to be evaluated and concluded by RAN. 
Editor's note:
Details of forwarding tunnel is up to RAN to specify.
3.
New RAN to UE: RRC Resume message


The new RAN confirms to the UE that the UE has entered RRC Connected state.
4.
The UE delivers small data via user plane.

5.
The new RAN may trigger Connection Inactive procedure to move UE to RRC inactive state. The old RAN node will remain as Anchor RAN node and the UE will reuse the same Resume ID and RNA as before the transitioning to RRC_Connected state. After this procedure, the new RAN removes UE context and forwarding tunnel and indicates the old RAN that the UE enters RRC inactive state.

NOTE 3:
This procedure refers to the Connection Resume Procedure defined for NG-RAN. The detailed procedure will be aligned to the procedure for E-UTRA which will be defined by RAN Group in Rel-15.
6.36.4.3
CN-initiated deactivation of UP connection when the UE is in RRC inactive state

The following procedure is used to deactivate UP connection (i.e. data radio bearer and N3 tunnel) for an established PDU session of a UE in CM-CONNECTED state and RRC_Inactive state.

NOTE:
This procedure can be evaluated separately from 6.36.4.1 and 6.36.4.2.
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Figure 6.36.4.3-1

1.
The SMF determines that the UP connection of the PDU session needs to be deactivated.

2.
The SMF initiates an N4 Session Modification procedure indicating the need to remove (R)AN Tunnel Info for N3 tunnel of the corresponding PDU session.

3.
The SMF sends an N11 message containing N2 SM Session Release Request to release the (R)AN resources associated with the PDU session.

4.
The AMF forwards the N2 SM Session Release Request to the RAN. The AMF may include an indication e.g. 'skip indicator' informing the RAN to locally deactivate the UP resource without explicit notification to the UE if the UE is in RRC_Inactive state.

Editor's note:
Whether the 'skip indicator' is sent to RAN is FFS.

5.
The RAN removes UP resources for the PDU session(s) received in step 4 and do not perform RAN paging, if the UE is in RRC_inactive 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.
When the UE triggers the Connection Resume procedure, the UE provides its Resume ID needed by the RAN to access the UE's stored Context;

9.
The RAN confirms the Resume Procedure UE entered RRC Connected state. The RAN indicates the resumed PDU sessions via PDU session IDs;

Editor's note:
Whether other information can be used for available PDU sessions synchronization between the RAN and UE is FFS. The exact mechanism by which the PDU sessions are synchronized will be defined by RAN2.
10.
The UE releases locally the UP resources related to the PDU Sessions not received from the NG-RAN in step 9.
6.36.5
Impacts on existing entities and interfaces
RAN:

-
The RAN decides whether the UE can be sent to RRC Inactive state based on the frequent small data indication received from the SMF.

-
The RAN, based on the "Small Data Information" received from the SMF, may decide establish a forwarding tunnel between target RAN and old RAN during the Resume procedure.
SMF:

-
The SMF includes "Small Data Information" in the N2 SM information if the SMF determines the PDU session is used for frequent small data
UE:

-
The UE includes Request for Small Data in the RRC Resume Request.
Additionally, following impacts for supporting the UP CN-initiated deactivation of UP connection procedure specified in clause 6.36.4.3:
RAN:

-
The RAN removes UP resources for the PDU session(s) and do not perform RAN paging during the CN-initiated deactivation of UP connection procedure, if the UE is in RRC inactive state.

-
The RAN notifies the available PDU sessions during the Resume procedure.
UE:

-
The UE releases locally the UP resources related to the PDU Sessions not received during the Resume procedure.
6.36.6
Evaluation

.
RAN-CN signalling load can be minimized for UEs that has mobility within a RAN Notification Area. The effect is significant for small data communication where the ratio between RAN-CN signalling and RAN-CN user data without this solution is high. Furthermore, there is a marginal signalling reduction on the Uu interface, since the RNA configuration does not need to be included in the RRC release message, see TS 38.331 [xx].
With CN-initiated deactivation of UP connection when the UE is in RRC inactive state (subclause 6.36.4.3), the paging signalling caused by UP connection deactivation can be avoid. There is minor impact on the RRC resume message and no additional signalling introduced.
* * * Start of Second change * * * 

8.2
Key Issue 2: Frequent small data communication

At least one of the solutions 5, 7, 19, 29, 36, 41 will be selected for normative work.
NOTE:
The specific solution from the ones listed above will be selected in a subsequent meeting. It is not precluded that some aspects of the solutions listed above may be merged. Existing solutions that enhance the solutions above are also not precluded. Support of RDS will be decided as part of the conclusion for key issue 8
Based on the evaluation in clause 6.36.6 it is possible to minimize network signalling for devices that are mobile within a RAN Notification Area and have frequent small data transmissions. It is therefore concluded that solutions 36 combined with RRC_Inactive is used as basis for the normative work in the Rel-16.
* * * Start of Third change * * * 

2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]
3GPP TS 22.261:"Service requirements for next generation new services and markets".

[3]
3GPP TR 38.913: "Study on scenarios and requirements for next generation access technologies".

[4]
3GPP TS 23.401:"General Packet Radio Service (GPRS) enhancements for Evolved Universal Terrestrial Radio Access Network (E-UTRAN) access".

[5]
3GPP TS 23.501: "System Architecture for the 5G System".

[6]
3GPP TS 23.682: "Architecture enhancements to facilitate communications with packet data networks and applications".

[7]
3GPP TS 23.502: "Procedures for the 5G System".

[8]
3GPP TS 24.250: "Protocol for Reliable Data Service between UE and SCEF; Stage 3".

[9]
3GPP TS 29.122: "T8 reference point for northbound Application Programming Interfaces (APIs)".

[10]
3GPP TS 24.501: "Non-Access-Stratum (NAS) protocol for 5G System (5GS)".

[11]
Void.

[12]
Open Mobile Alliance: "Lightweight Machine to Machine Requirements, V1.0".

[13]
MQTT For Sensor Networks, (MQTT-SN): www.mqtt.org.

[14]
IETF RFC 6347: "Rescorla et al.: Datagram Transport Layer Security", IETF, January 2012.

[15]
3GPP TR 38.804: "Study on New Radio Access Technology; Radio Interface Protocol Aspects".

[16]
3GPP TS 29.244: "Interface between the Control Plane and the User Plane nodes".

[17]
3GPP TS 29.303: "Domain Name System Procedures; Stage 3".

[18]
3GPP TS 29.510: " 5G System; Network function repository services; Stage 3".

[19]
3GPP TS 38.300: "NR; NR and NG-RAN Overall Description; Stage 2".

[20]
3GPP TS 23.222: "Functional architecture and information flows to support Common API Framework for 3GPP Northbound APIs".
[21]
3GPP TS 23.122: "Non-Access-Stratum (NAS) functions related to Mobile Station (MS) in idle mode".
[22]
3GPP TS 36.413: "Evolved Universal Terrestrial Radio Access Network (E-UTRAN); S1 Application Protocol (S1AP)".
[23]
3GPP TS 36.331: "Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource Control (RRC); Protocol specification".

[24]
3GPP TS 33.401: "3GPP System Architecture Evolution (SAE); Security architecture".

[25]
3GPP TS 33.501: "Security architecture and procedures for 5G System".
[xx]
3GPP TS 38.331 “NR; Radio Resource Control (RRC) protocol specification”
* * * End of changes * * * 

3GPP

SA WG2 TD


New RAN
UPF
UE
1. RRC Resume Request
RRC_CONNECTED
RRC_INACTIVE
2. UE Context Retrieval & Forward Tunnel Establishment
3. RRC Resume
4. Small Data delivery
Old RAN
5. Connection Inactive procedure



UE
RAN
AMF
SMF
4. N2 message
(N2 SM session release, ‘skip indicator’)
0. The UE has established the PDU session and the UE is in inactive state.
3. N11 message
(N2 SM Session Release)
6. N2 message
(response)
UPF
2. N4 Session modification
7. N11 message
(Response)
1. The SMF determines that PDU session can be deactivated
5. Remove UP resource locally without notification to the UE
8. RRC message
(Resume ID)
9. RRC message
(Resume ID, resumed PDU session IDs)
10. Remove UP resource not resumed locally



_1565763679.vsd
UE in RRC_INACTIVE / CM-CONNECTED


gNB


Last Serving gNB


AMF


6. PATH SWITCH REQUEST



