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1. Introduction
[bookmark: OLE_LINK70]In this paper, we discuss the NAS aspects for small data transmission (SDT) including the details of NAS and AS interaction and the details of with and without anchor relocation scenarios.
2. Discussion
[bookmark: OLE_LINK16][bookmark: OLE_LINK155]2.1	Basic Procedure for NAS Signalling Transfer using SDT
In the RAN#91e meeting, the following description was added to the updated SDT WID: “Specify configuring of SRB1 and SRB2 for small data transmission in RRC_INACTIVE state by reusing the framework for DRBs”. 
In the current specifications, NAS messages can be carried over SRB2 using ULInformationTransfer and DLInformationTransfer RRC messages after SRB 2 is established. It is worth noting that SRB2 would have already been established when the UE is moved from RRC_CONNECTED to RRC_INACTIVE state. Hence we think that SRB2 just needs to be resumed upon initiating the SDT procedure and NAS messages can be transferred using SDT framework in RRC_INACTIVE state.
An example of NAS Signaling transfer procedure for a 4 step RA- SDT procedure is shown in Figure 1
[image: ]
Figure 1: An example of NAS Signaling transfer with 4 step RA-SDT procedure
In this figure the UL Information Transfer message is sent along with RRCResumeRequest for a single shot SDT procedure, however it should be noted that it can also be sent during the subsequent transmission phase in case of multi shot SDT procedure. Similarly the DL Information Transfer can be sent along with RRCRelease message for a single shot SDT procedure or during the subsequent transmission phase in case of multi shot SDT procedure 
Proposal 1: The UL NAS Message shall be included within ULInformationTransfer message which is sent either along with RRCResmueRequest Message or during subsequent transmission phase of the SDT procedure. 
[bookmark: OLE_LINK4]Proposal 2: The DL NAS Message can be included within DLInformationTransfer message which can be sent either during subsequent transmission phase or along with RRCRelease message.
2.2	Indication from NAS to RRC Layer in the UE 
Based on the current description in 24.501, when the UL data or NAS message is pending and the UE is in 5GMM-CONNECTED mode with RRC inactive indication, the NAS layer shall request the lower layers to resume the RRC Connection in order to transfer the NAS message. Then, in legacy releases, the UE shall send the legacy RRCResumeRequest and the network will transition the UE to RRC_CONNECTED state by sending the RRCResume message and all the signaling and the data exchange will happen in RRC_CONNECTED State. 
The list of NAS procedure which the UE can initiate in 5GMM-CONNECTED mode with suspend indication are mentioned in section 4.5.4.2 in relation to the access control mechanism in TS 24.501 [1]. 
	TS 24.501
[bookmark: _Toc20232429][bookmark: _Toc27746515][bookmark: _Toc36212695][bookmark: _Toc36656872][bookmark: _Toc45286533][bookmark: _Toc51947800][bookmark: _Toc51948892]4.5.4.2	Access control and checking in 5GMM-CONNECTED mode and in 5GMM-CONNECTED mode with RRC inactive indication
[… …]
If the lower layers indicate that the access attempt is allowed, the NAS shall take the following action depending on the event which triggered the access attempt:
a)	if the event which triggered the access attempt was an MO-MMTEL-voice-call-started indication, an MO-MMTEL-video-call-started indication, an MO-SMSoIP-attempt-started indication, or an MO-IMS-registration-related-signalling-started indication, the NAS shall notify the upper layers that the access attempt is allowed;
b)	if the event which triggered the access attempt was a request from upper layers to send a mobile originated SMS over NAS, 5GMM shall initiate the NAS transport procedure as specified in subclause 5.4.5 to send the SMS in an UL NAS TRANSPORT message;
c)	if the event which triggered the access attempt was a request from upper layers to establish a new PDU session, 5GMM shall initiate the NAS transport procedure as specified in subclause 5.4.5 to send the PDU SESSION ESTABLISHMENT REQUEST message;
d)	if the event which triggered the access attempt was a request from upper layers to modify an existing PDU session, 5GMM shall initiate the NAS transport procedure as specified in subclause 5.4.5 to send the PDU SESSION MODIFICATION REQUEST message;
e)	if the event which triggered the access attempt was a request to re-establish the user-plane resources for an existing PDU session, 5GMM shall initiate the service request procedure as specified in subclause 5.6.1;
f)	if the event which triggered the access attempt was an uplink user data packet to be sent for a PDU session with suspended user-plane resources, 5GMM shall consider that the uplink user data packet is allowed to be sent;
g)	if the event which triggered the access attempt was a request from upper layers to send a mobile originated location request, 5GMM shall initiate the NAS transport procedure as specified in clause 5.4.5 to send an LCS message in an UL NAS TRANSPORT message; and
h)	if the event which triggered the access attempt was a request from upper layers to send a mobile originated signalling transaction towards the PCF by sending an UL NAS TRANSPORT message including a UE policy container (see 3GPP TS 24.587 [19B]), 5GMM shall initiate the NAS transport procedure as specified in subclause 5.4.5 to send the signalling transaction via an UL NAS TRANSPORT message.

[… …]



If we analyze the procedures in this list above we can categories these procedures in two categories 
· Type 1 NAS Procedures - NAS procedures which can be performed in RRC_INACTIVE state using SDT mechanism. These procedures include (b) sending mobile originated SMS over NAS, (g) sending a mobile originated location request (h) sending a mobile originated signalling transaction towards the PCF to request V2X policy
· Type 2 NAS Procedures - NAS procedures which are unsuited to be performed in RRC_INACTIVE state and requires the UE to move into RRC_CONNECTED State. These procedures include (a) MO-MMTEL-voice/video-call initiation, (c) establishment of a new PDU session, (d) modification of an existing PDU session, (e) re-establishment of the user-plane resources for an existing PDU session
Observation 1: NAS procedures which can be performed in RRC_INACTIVE state using SDT mechanism are called Type 1 NAS procedures. NAS procedures which are unsuited to be performed in RRC_INACTIVE state and requires the UE to move into RRC_CONNECTED State are called Type 2 NAS procedures
Type 2 procedures would require extensive NAS and RRC Signalling which includes DRB establishment or reconfiguration and will involve the use of the RRCReconfiguration procedure. Hence these procedures should not be initiated by the UE in the RRC_INACTIVE state using SDT mechanism.
Based on the above analysis it is clear that when the UE is configured with SDT Configuration, only Type 1 NAS messages can be transferred using the SDT mechanism while the UE remains in RRC_INACTIVE. For the transmission of Type 2 NAS messages, the UE should first transition to RRC_CONNECTED state, same as in legacy release, and then transfer these NAS Message in RRC_CONNECTED State
Observation 2:  When the UE is configured with SDT Configuration, only Type 1 NAS Messages can be transferred while the UE remains in RRC_INACTIVE. For the transmission of Type 2 NAS messages, the UE should first transition to RRC_CONNECTED state and then transfer these NAS Message in RRC_CONNECTED State
Considering the fact that Type 1 NAS messages/procedures which can be initiated/performed while the UE is in RRC_INACTIVE state, an indication form NAS layer to RRC layer is needed to distinguish Type 1 NAS message form Type 2 NAS messages which will require the UE to transition to RRC_CONEECTED State even though the UE is configured with SDT configuration for SRB2. Without such indications RRC layer will not know if a particular NAS message can be transferred using SDT or if the RRC layer needs to initiate legacy RRCResume procedure for transferring the NAS message.
Thus, when the UE is configured with SDT Configuration to transfer the NAS Messages in RRC_INACTIVE state, the NAS layer in the UE needs to indicate to the RRC Layer whether a particular NAS message can be transmitted in RRC_INCTIVE state or not when initiating NAS transport procedure. Based on this indication from the NAS layer the RRC layer shall decide whether it should initiate NAS message transfer using the SDT mechanism, assuming the SDT criteria is met or initiate the legacy RRCResume procedure to resume the RRC Connection before transmitting the NAS message. 
Proposal 3:  When the UE is configured with SDT Configuration, the NAS layer needs to indicate to RRC layer whether the UL NAS message can be transmitted in RRC_INACTIVE state or not.
Proposal 4:  Based on this indication from the NAS layer the RRC layer shall decide whether it should initiate NAS message transfer using the SDT mechanism, assuming the SDT criteria is met or initiate the legacy RRCResume procedure to resume the RRC Connection before transmitting the NAS message
Once this need for having an indication form the NAS to RRC layer is agreed in RAN2, then RAN2 can inform CT1 about the need of such indication through a LS.
Proposal 5:  RAN 2 to inform CT1 about the need of such indication as discussed in proposal and 4 through a LS.
2.3	NAS signaling and anchor relocation
2.3.1	NAS signalling transfer with anchor relocation
The signalling flow for NAS Signaling transfer with anchor relocation during SDT as shown in the figure 2
If the last serving gNB decides to relocate the context it shall send the UE context in the XnAP: Retrieve UE Context Response message to the receiving gNB. The receiving gNB/new serving gNB shall initiate Path switch procedure towards the AMF, following which, it shall process the NAS message received in ULInformationTransfer on SRB2 and forward it to the AMF.

[image: ]
Figure 2: An example of NAS Signaling transfer with anchor relocation during SDT 

Based on the NAS Signaling transfer with anchor relocation scenario described above, we would like to propose the following
Proposal 6: If the last serving gNB decides to relocate the context, the serving gNB shall take the role of the anchor gNB for sending the UL NAS message to AMF and the DL NAS message to the UE after path switch procedure.
2.3.2	NAS signalling transfer without anchor relocation
The signalling flow for NAS Signaling transfer without anchor relocation during SDT as shown in the figure 3.
The last serving gNB may decide not to relocate the anchor and shall send the Retrieve UE Context Response Message with the Partial UE Context to the receiving gNB.

[image: ]
Figure 3: An example of NAS Signaling transfer without anchor relocation during SDT 
After the partial UE context (including RLC Configuration) is received in reiving gNB, the UL and DL NAS messages can be transferred between the receiving and the last serving gNB using a XnAP  RRC Transfer message as shown in the figure above. In the XnAP message, the RRC/NAS message can be included in the container and the last serving gNB can forward the UL NAS message (NAS request message) to the AMF and send the DL NAS Message (NAS response message) to the receiving gNB 
For the NAS procedure requiring a Request and a Response message, the DL NAS message can be sent to the UE along with RRCRelease message which will also normally terminates the SDT Procedure.
Based on the NAS Signaling transfer without anchor relocation scenario described above, we would like to propose the following.
[bookmark: OLE_LINK5]Proposal 7: If the last serving gNB decides not to relocate the anchor, the UL and DL NAS messages can be transferred between the receiving and the last serving gNB on Xn-interface using RRC Transfer message
2.3.3	Stage-2 impacts and working with RAN3
For the above description, we think in order to have a complete picture of the NAS signalling procedure, it would be helpful to have a stage2 description. But for the stage2, there might not be need to assign a dedicated description for this and we can integrate the transfer of NAS signalling into the general framework along with the SDT for DRB. 
Proposal 8: Capture the procedure for NAS signalling with and without anchor relocation in stage2 procedure in the general framework along with the SDT for DRB. 
With the proposal above, we also think it would be necessary to inform RAN3 about the RAN2’s stage2 understanding on the NAS signalling, so that the RAN3 can work on the stage3 details. 
Proposal 9: Send a LS to RAN3 on the above agreements for NAS signalling with and without anchor relocation. 
2.4	NAS signalling transfer failure handling
In RAN2#115e-meeting, RAN2 agreed the following:
1. Events that trigger a termination or failure of an ongoing SDT session 1) cell reselection, 2) expiry of the SDT failure detection timer, 3) when Max retx is reached in RLC.  RLC AM max retransmission functionality remains unchanged.  
2. When a UE detects a failure of an ongoing SDT session, UE transitions autonomously into RRC_IDLE (as baseline solution).   If time allows or have a ready solution we can consider further optimizations. 

When detecting a failure of SDT session due to expiry of SDT failure timer, cell reselection or RLC AM max retransmission for NAS message transfer, the UE goes to RRC IDLE state. However, apart from that, it would be useful to inform the NAS layer about the failure to deliver a NAS message, similarly as in previous releases.
	5.7.2.4	Failure to deliver ULInformationTransfer message
The UE shall:
1>	if AS security is not started and radio link failure occurs before the successful delivery of ULInformationTransfer messages has been confirmed by lower layers; or
[bookmark: OLE_LINK6]1>	if PDCP re-establishment or release/addition (e.g due to key refresh upon PCell or PSCell change, or RRC connection re-establishment) occurs on an SRB on which ULInformationTransfer messages were submitted for transmission but successful delivery of these messages was not confirmed by lower layers:
2>	inform upper layers about the possible failure to deliver the information contained in the concerned ULInformationTransfer messages.


Proposal 10: If UE detects an SDT failure of ongoing SDT session for the transfer of NAS message, RRC informs NAS about the failure for NAS message transfer. 
3. [bookmark: OLE_LINK7][bookmark: OLE_LINK8]Conclusion
Based on the above discussion, we make the following observations and recommend RAN2 to discuss and adopt the following proposals: 

Basic Procedure for NAS Signalling Transfer using SDT
Proposal 1: The UL NAS Message shall be included within ULInformationTransfer message and can be sent either along with RRCResmueRequest Message or during subsequence transmission phase of the SDT procedure. 
Proposal 2: The DL NAS Message can be included within DLInformationTransfer message and can be sent either during subsequent transmission phase or along with RRCRelease message.
Indication from the NAS to the RRC layer in the UE
Observation 1: NAS procedures which can be performed in RRC_INACTIVE state using SDT mechanism are called Type 1 NAS procedures. NAS procedures which are unsuited to be performed in RRC_INACTIVE state and requires the UE to move into RRC_CONNECTED State are called Type 2 NAS procedures
Observation 2:  When the UE is configured with SDT Configuration, only Type 1 NAS Messages can be transferred while the UE remains in RRC_INACTIVE. For the transmission of Type 2 NAS messages, the UE should first transition to RRC_CONNECTED state and then transfer these NAS Message in RRC_CONNECTED State 
Proposal 3:  When the UE is configured with SDT Configuration, the NAS layer needs to indicate to RRC layer whether the UL NAS message can be transmitted in RRC_INACTIVE state or not.
Proposal 4:  Based on this indication from the NAS layer the RRC layer shall decide whether it should initiate NAS message transfer using the SDT mechanism, assuming the SDT criteria is met or initiate the legacy RRCResume procedure to resume the RRC Connection before transmitting the NAS message
Proposal 5:  RAN 2 to inform CT1 about the need of such indication as discussed in proposal and 4 through a LS.

NAS signaling and anchor relocation
Proposal 6: If the last serving gNB decides to relocate the context, the serving gNB shall take the role of the anchor gNB for sending the UL NAS message to AMF and the DL NAS message to the UE after path switch procedure.
Proposal 7: If the last serving gNB decides not to relocate the anchor, the UL and DL NAS messages can be transferred between the receiving and the last serving gNB on Xn-interface using RRC Transfer message
Stage2 impacts and working with RAN3
Proposal 8: Capture the procedure for NAS signalling with and without anchor relocation in stage2 procedure under the general framework along with the SDT for DRB. 
Proposal 9: Send a LS to RAN3 on the above agreements for NAS signalling with and without anchor relocation. 
NAS signalling transfer failure handling
Proposal 10: If UE detects an SDT failure of ongoing SDT session for the transfer of NAS message, RRC informs NAS about the failure for NAS message transfer. 
[bookmark: _GoBack]
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