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1. Introduction
[bookmark: OLE_LINK31]In this paper, we discuss the NAS aspects for small data transmission (SDT) including the details of NAS and AS interaction that is needed for the transmission of NAS signaling when the UE is configured with SDT mechanism.
2. [bookmark: OLE_LINK16]Discussion
2.1 Need for Indication from NAS to RRC Layer in the UE
During CT1 #131-e Meeting we had received LS form RAN 2 on Small data transmission in C1-214014 and we had sent a reply to RAN 2 in C1-21515. In this LS we had indicated that different companies in CT1 have different understanding of "SDT is transparent to NAS layer". 
In our understanding SDT is transparent to NAS layer for transfer of user plane data as the AS layer can differentiate if the data is for low priority/non-time critical SDT Data Radio Bearer (SDT DRB) or for a high priority/time critical non-SDT Data Radio bearer (non SDT DRB) and accordingly decide to transfer the SDT DRBs data either in RRC_INACTIVE state or decide to transition to RRC_CONNECTED mode for tranfering non-SDT DRB data. 
Similar differentiation cannot be applied by the AS layer for the NAS signalling as there is only one Signalling Radio Bearer (SRB), SRB 2, that will be used for transfering all the NAS signalling i.e both high priority /time citical and low priroity/ non time critical NAS maessages will be transferred using the same SRB, SRB2.
Observation 1: SDT is transparent to NAS layer for transfer of user plane data as the AS layer can differentiate if the user data is for a non-time critical SDT Data Radio Bearer (SDT DRB) or for a time critical non-SDT Data Radio bearer and accordingly decide to transfer the SDT DRBs data either in RRC_INACTIVE state or decide to transition to RRC_CONNECTED mode for transferring non-SDT DRB data.
Observation 2: Similar differentiation cannot be applied by the AS layer for the NAS signalling as there is only one Signalling Radio Bearer (SRB), i.e. SRB2, that will be used for transfering all NAS signalling i.e both time citical and non-time critical NAS maessages will be transferred using the same SRB, i.e. SRB2. Hence some NAS-AS layer interaction will be needed for transfer of NAS signalling when the UE is configured with SDT configuration.
In order to further investigate the type of NAS-AS interaction that is needed we first analyse NAS procedures that can be inintiated in RRC_INACTIVE state and the legacy UE behaviour for tranferring these messages.
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 UL data or NAS message. As legacy handling, 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 signaling and data exchange will happen in RRC_CONNECTED state. 
The list of NAS procedures which the UE can initiate in 5GMM-CONNECTED mode with suspend indication are mentioned in TS 24.501 section 4.5.4.2 in relation to the access control mechanism in TS 24.501 [1]. 
	TS 24.501
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 NAS procedures in this list above, we can easily categories these procedures into two categories 
· Type 1 NAS procedures - NAS procedures which can be performed in RRC_INACTIVE state using SDT mechanism. These procedures are essentially not time critical and include: 
· (b) sending mobile originated SMS over NAS;
· (g) sending a mobile originated location request; and
· (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 are typically time critical and 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; and
· (f) resumption of the user-plane resources for an existing PDU session.
Furthermore, Type 2 NAS procedures would require extensive NAS and RRC signaling exchange which includes DRB establishment or reconfiguration and will involve the use of the RRC Reconfiguration procedure which are not supported in RRC_INACTIVE state. Hence these procedures should not be initiated by the UE in the RRC_INACTIVE state using SDT mechanism in the first place.
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 the legacy handling, and then transfer these NAS messages in RRC_CONNECTED state.
Observation 3:  When the UE is configured with SDT configuration, only non-time critical Type 1 NAS messages can be transferred while the UE remains in RRC_INACTIVE. For the transmission of time critical Type 2 NAS messages, the UE should first transition to RRC_CONNECTED state and then transfer these NAS messages in RRC_CONNECTED state, i.e. the SDT mechanism is not used.
Considering the fact that only non-time critical Type 1 NAS messages/procedures should be initiated/performed while the UE is in RRC_INACTIVE state, an indication from the NAS layer to the RRC layer is needed to distinguish non-time critical Type 1 NAS message from time critical Type 2 NAS messages (for which the UE should transition to RRC_CONEECTED state). 
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 is non time critical Type 1 NAS message or a time critical Type 2 NAS message. Based on this indication from the NAS layer the RRC layer shall decide whether it should initiate NAS message transfer using the SDT mechanism or initiate the legacy RRC Resume procedure to resume the RRC connection before transmitting the NAS message. 
Proposal 1:  When the UE is configured with SDT configuration, the NAS layer needs to indicate to the RRC layer whether the UL NAS message belongs to a non-time critical Type 1 NAS message category or to a time critical Type 2 NAS message category.
Proposal 2:  Based on this indication from the UE NAS layer, the UE RRC layer shall decide whether it should initiate NAS message transfer using the SDT mechanism or initiate the legacy RRC Resume procedure and transition to RRC_CONNECTED state before transmitting the NAS message.
Without such indication the AS/RRC layer will not know if a particular NAS message can be transferred using SDT mechanism or if the AS/RRC layer needs to initiate legacy RRC Resume procedure for transferring the NAS message in RRC_CONNECTED state and will result in extensive delay for establishment of time critical call such as emergency call and even failure of the NAS signaling procedures followed by the subsequent attempt to recover from such situations that we describe in the next section.
2.2 Problems of not having the indication from UE NAS to RRC layer in the UE
If such indication from the UE NAS layer to the UE AS/RRC layer is not provided then for all NAS procedures including the time critical ones requiring the DRB establishment or modification (included in Type 2 NAS procedures) will be initiated using SDT mechanism in RRC INACTIVE state and the gNB will have to move the UE to the RRC_CONNECTED state when it detects that there is a need to establish a new DRB or modify the existing DRB. The gNB will then have to terminate the SDT procedure and initiate RRC Resume procedure to move the UE to RRC CONNECTED state and then perform any RRC Reconfiguration procedure to (re)establish a new DRB.
This will cause additional delay in overall call setup time because it will require terminating the SDT procedure, moving the UE from RRC_INACTIVE to RRC_CONNECTED and then (re)establishing the DRB for a time critical call such as an emergency call compared to the legacy case where the UE simply initiates legacy RRC Connection Resume procedure and moves to RRC_CONNECTED state straightaway before initiating the NAS procedure. We believe such delays introduced due to initiating a time critical Type 2 NAS procedure using SDT mechanism will be unacceptable for the emergency call and should be avoided at any cost.
Proposal 3:  When the UE is configured with SDT configuration, time critical Type 2 NAS procedures should not be initiated using SDT Mechanism in RRC_INACTIVE state as the SDT procedure will have to be terminated and the UE will have to be transitioned to RRC_CONNECTED state in the middle of the NAS procedure followed by a RRCReconfiguration procedure which will cause additional delay that will not be acceptable for time critical call such as an emergency call.
In addition to the overall delay in handling Type 2 NAS procedure using the SDT mechanism described above, there is another major issue identified when two gNBs, the anchor gNB and the serving gNBs, are involved in the handling an RACH based SDT session. In this case the overall Type 2 NAS procedure will have to be repeated again after the UE context is relocated form the anchor gNB to the new serving gNB. Further details of this failure are discussed in [3].
Observation 4:  If the Type 2 NAS procedure is initiated using RACH based SDT procedure involving two nodes, the anchor gNB and the serving gNBs, then the whole NAS procedure will have to be restarted again from the beginning after the UE context is relocated from the anchor gNB to the new serving gNB which will result in even further delay and wastage of air interface and network resources.
2.3	Suggested way forward 
To avoid such additional delays and failure in the NAS procedure for time critical Type 2 NAS procedures, it is proposed that CT1 discuss and agrees the need for having an indication form the UE NAS to the UE RRC layer in this CT1 meeting and inform RAN2 to use this indication and accordingly decide in the AS layer whether the NAS procedure should be performed in RRC_INACTIVE state or should the UE transition to RRC_CONNECTED state at the beginning.
[bookmark: OLE_LINK8][bookmark: OLE_LINK7]Proposal 4:  CT1 to discuss and agree the need of having an NAS to AS indication for the time critical or non-time critical NAS procedures and inform RAN2 to use this indication at the AS layer through an LS.
3. Conclusion
Based on the discussion in this paper, we provide the following observations and proposals and suggest CT1 to discuss and agree to have an NAS to AS indication for time critical or non-time critical NAS signalling:
Observation 1: SDT is transparent to NAS layer for transfer of user plane data as the AS layer can differentiate if the user data is for a non-time critical SDT Data Radio Bearer (SDT DRB) or for a time critical non-SDT Data Radio bearer and accordingly decide to transfer the SDT DRBs data either in RRC_INACTIVE state or decide to transition to RRC_CONNECTED mode for transferring non-SDT DRB data.
Observation 2: Similar differentiation cannot be applied by the AS layer for the NAS signalling as there is only one Signalling Radio Bearer (SRB), i.e. SRB2, that will be used for transfering all NAS signalling i.e both time citical and non-time critical NAS maessages will be transferred using the same SRB, i.e. SRB2. Hence some NAS-AS layer interaction will be needed for transfer of NAS signalling when the UE is configured with SDT configuration.
Observation 3:  When the UE is configured with SDT configuration, only non-time critical Type 1 NAS messages can be transferred while the UE remains in RRC_INACTIVE. For the transmission of time critical Type 2 NAS messages, the UE should first transition to RRC_CONNECTED state and then transfer these NAS messages in RRC_CONNECTED state, i.e. the SDT mechanism is not used.
Observation 4:  If the Type 2 NAS procedure is initiated using RACH based SDT procedure involving two nodes, the anchor gNB and the serving gNBs, then the whole NAS procedure will have to be restarted again from the beginning after the UE context is relocated from the anchor gNB to the new serving gNB which will result in even further delay and wastage of air interface and network resources.
Proposal 1:  When the UE is configured with SDT configuration, the NAS layer needs to indicate to the RRC layer whether the UL NAS message belongs to a non-time critical Type 1 NAS message category or to a time critical Type 2 NAS message category.
Proposal 2:  Based on this indication from the UE NAS layer, the UE RRC layer shall decide whether it should initiate NAS message transfer using the SDT mechanism or initiate the legacy RRC Resume procedure and transition to RRC_CONNECTED state before transmitting the NAS message.
Proposal 3:  When the UE is configured with SDT configuration, time critical Type 2 NAS procedures should not be initiated using SDT Mechanism in RRC_INACTIVE state as the SDT procedure will have to be terminated and the UE will have to be transitioned to RRC_CONNECTED state in the middle of the NAS procedure followed by a RRCReconfiguration procedure which will cause additional delay that will not be acceptable for time critical call such as an emergency call.
Proposal 4:  CT1 to discuss and agree the need of having an NAS to AS indication for the time critical or non-time critical NAS procedures and inform RAN2 to use this indication at the AS layer through an LS.
The draft LS-out to RAN2 is in C1-221647.
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