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Discussion
2.1. Control plane SDT
Control plane SDT is agreed to consider in R17 SDT WID [1], as shown below:
	Specify configuring of SRB1 and SRB2 for small data transmission in RRC_INACTIVE state by reusing the framework for DRBs.


In RAN2#111e meeting, we agreed that small data transmission is configured by the network on a per DRB basis. The same principle can be reused for control plane SDT, i.e. small data transmission for CP data is configured by network on a per SRB basis. Different UEs may have different requirements on control plane SDT, e.g. the UE performing positioning measurements has the requirement to report periodic positioning measurement results without entering RRC_CONNECTED state while other UEs don’t have the requirement to reduce signaling overhead without entering RRC_CONNECTED state. Therefore, it is more flexible for the network to configure CP SDT via dedicated signalling (i.e. RRCRelease message) too.
Proposal 1: Small data transmission for CP data is configured by network on a per SRB basis via RRCRelease message.
Data volume threshold is agreed to be used as a SDT selection criterion. And it is a common understanding that the total data volume across SDT RBs is considered for the SDT selection criterion. Thus, if SRB1 and/or SRB2 is configured for SDT by network, the total data volume for SDT selection also includes the data volume of SRB(s). We don’t need to introduce specific data volume threshold for CP SDT.
Proposal 2: Data volume threshold for SDT selection is common for both CP SDT and UP SDT. 
In RAN2#111e meeting, we agreed:
	4	From RAN2 perspective, stored “configuration” in the UE Context is used for the RLC bearer configuration for any SDT mechanism (RACH and CG).


This is also applied to CP SDT.
Proposal 3: Stored configuration in the UE context is also used for the RLC bearer configuration for any SRB which is configured for SDT.
In RAN2#112e meeting, we agreed upon initiating RESUME procedure for SDT initiation (i.e. for first SDT transmission), the UE shall re-establish at least the SDT PDCP entities and resume the SDT DRBs that are configured for small data transmission (along with the SRB1). The same principle can also be reused for CP SDT. Considering that SRB1 has already been agreed to be resumed upon initiating RESUME procedure for SDT initiation, we need to confirm SRB2 is resumed too if SRB2 is configured for SDT by network.
Proposal 4: If SRB2 is configured for SDT by network, the UE shall re-establish SRB2 PDCP entity and resume SRB2 upon initiating RRC resume procedure for SDT.
In RAN2#111e meeting, we agreed:
	3  	The first UL message (i.e. MSG3 for 4-step RACH, MSGA payload for 2-step RACH and the CG transmission for CG) may contain at least the following contents (depending on the size of the message):
-	CCCH message (needs to be included)
LCP can be used to determine to priority of the content below that may be included
-	DRB data from one or more DRBs which are configured by the network for small data transmission 
-	MAC CEs – (e.g. BSR).  FFS other MAC CEs 
-	Padding bits


Thus, CP data for SDT, which is different from RRCResumeRequest message, can also be sent in the first UL message. According to current procedures, only NAS related messages as CP small data have the requirement to be transmitted with RRC_INACTIVE state. NAS related messages can be transmitted via ULInformationTransfer message if SRB1/SRB2 has already been resumed. Hence, we propose to confirm that ULInformationTransfer message which contains CP small data may be included in the first UL message for SDT. If there is some other CP small data need to be transmitted when the UE is in RRC_INACTIVE state, we can discuss and introduce additional RRC message in the first UL message for SDT case by case.
Proposal 5: ULInformationTransfer message which contains CP small data can be included in the first UL message for CP SDT if SRB2 is configured for SDT by network.
In last RAN2#113bis e-meeting, the case new UL data or NAS messages on non-SDT bearer arrives during SDT was discussed and a LS [4] was sent to CT1 to ask the NAS behavior in this case. If SRB2 is configured for SDT by network, new signalling for SDT may also arrive during SDT procedure. For example: SDT procedure is triggered due to data on SDT DRB1 arrives. During SDT procedure, the UE needs to report positioning measurement within RRC_INACTIVE. UE-initiated NAS transport procedure is triggered to provide a transport of the LPP message to the network. For this case, it is straightforward for the UE to send the new NAS message directly (i.e. via ULInformationTransfer message) to the network if UL grant for SDT is enough, or BSR is triggered based on legacy BSR mechanism. But according to the current TS 24.501[2], NAS layer shall request RRC layer to transition to RRC_CONNECTED state at first.
	Upon:
a)	a trigger of a procedure which requires sending of a NAS message different from a REGISTRATION REQUEST message with the NG-RAN-RCU bit of the 5GS update type IE set to "UE radio capability update needed"; or
b)	an uplink user data packet to be sent for a PDU session with suspended user-plane resources;
the UE in 5GMM-CONNECTED mode with RRC inactive indication over 3GPP access shall request the lower layers to transition to RRC_CONNECTED state (see 3GPP TS 38.300 [27]).


Observation 1: According to the current TS 24.501, NAS layer shall request RRC layer to transition to RRC_CONNECTED state at first if new NAS message for CP SDT arrives during SDT procedure.
Thus, we propose RAN2 to discuss how to handle the case that new NAS message for SDT arrives during SDT.
Proposal 6: RAN2 discuss the handling of RRC layer for the case that new NAS message for SDT arrives during SDT, considering NAS layer requests RRC layer to transition to RRC_CONNECTED at first in this case.
2.2. Periodic RNA update during SDT procedure
A UE in the RRC_INACTIVE state is required to initiate RNA update procedure when it moves out of the configured RNA and when periodic RNA Update timer (T380) expires. If event triggered RNA update is performed, cell reselection must happen. Thus, how to handle event triggered RNA update during SDT can be discussed further after the conclusion for cell reselection during SDT procedure.
According to the current TS 38.331, T380 for periodic RNA update is stopped upon reception of RRCResume message. It is possible that T380 expires and periodic RNA update is triggered during SDT procedure within RRC_INACTIVE. There are some possible options to handle the case:
Option 1: UE triggers another RRC Resume procedure.
[bookmark: _Hlk60847302]Option 2: Periodic RNA update is cancelled.
Option 3: UE sends RNA update indicator via DCCH message.
Periodic RNA update procedure can ensure reachability between UE and NG-RAN node. However during SDT procedure within RRC_INACTIVE, the connection between UE and NG-RAN node is available. Therefore, periodic RNA update procedure is not necessary in this case. Hence, option 2 is preferred. As SDT procedure may fall back to normal RRC Resume procedure, it is reasonable to cancel periodic RNA update procedure if T380 expires during SDT procedure.
Proposal 7: Periodic RNA update is cancelled if T380 expires during SDT procedure.
2.3. SDT failure detection timer
In email discussion [Post113-e][503][SDT][3], SDT failure detection timer was discussed. And it is still FFS whether SDT failure detection timer: 
Option 1) has an extended duration to accommodate subsequent SDT, or 
Option 2) is restarted upon (re)transmission or reception of small data.
It was agreed that SDT failure detection timer is started upon initiation of SDT procedure. Thus SDT failure detection timer includes the duration of RA/CG procedure for the first UL message transmission. The UE may try RA/CG procedure for the first UL message transmission with several times if the RA/CG procedure is unsuccessful. Hence, the SDT failure detection timer with option 2 also needs to cover worse case for RA/CG procedure with SDT. Compared with option 1, the UE may not detect SDT failure earlier with option 2 if SDT failure happens after successful retransmission with several times. 
In addition, it was agreed in RAN2#113bis e-meeting that T319 legacy stop conditions also apply to SDT failure detection timer, e.g. cell reselection, reception of RRCSetup, RRCResume and so on. Even if the timer with option 2 is controlled in MAC layer, inter-layer interactions need to be introduced to cover these stop conditions in RRC layer.
Thus, we prefer option 1 as it is simple. And it is also flexible as the value is configurable by network. 
Proposal 8: SDT failure detection timer has an extended duration to accommodate subsequent SDT.
As switching from SDT to non-SDT is supported, we don’t need to keep the UE remain in INACTIVE when SDT failure detection timer expiry. Same as legacy T319, upon SDT failure detection timer expiry, the UE enters to IDLE.
Proposal 9: Upon SDT failure detection timer expiry, the UE enters to IDLE.
2.4. Transition to RRC_CONNECTED
With anchor relocation or without change of serving gNB, legacy RRC resume procedure can be reused if the gNB decides to transit UE into RRC_CONNECTED during subsequent SDT. The figure is shown below.


Figure 1 Transition to RRC_CONNECTED during subsequent SDT with anchor relocation
Without anchor relocation, PDCP entities for small data are processed in anchor gNB with updated security key. During subsequent SDT procedure, the network may decide to transit the UE into RRC_CONNECTED. The following issues need to be discussed:
1) Which node can decide to transit the UE into RRC_CONNECTED?
Option 1: The current serving gNB decides to transit the UE into RRC_CONNECTED.
Option 2: The anchor gNB decides to transit the UE into RRC_CONNECTED.
As the current serving gNB can be aware of the size of UL data to be transmitted and performance of data transmission via radio interface, it is reasonable for the current serving gNB to decide to transit the UE into RRC_CONNECTED.
On the other hand, the anchor gNB can be aware of DL data arrival. Hence, it is reasonable for the anchor gNB to trigger the transition to RRC_CONNECTED.
As the issue may impact signalling exchange via Xn interface, RAN3 can discuss and decide it further.
Observation 2: From RAN2 point of view, both serving gNB and anchor gNB can trigger the UE transition to RRC_CONNECTED in case of without anchor relocation. Due to Xn signaling involvement, RAN3 should make the final decision.
2) Which node decides the content of RRCResume message?
Option 1: The current serving gNB decides the content of RRCResume message.
Option 2: The anchor gNB decides the content of RRCResume message.
As the content of RRCResume message is related to configurations of radio interface, it is more reasonable for the current serving gNB to decide the content of RRCResume message. Option 1 is preferred.
Observation 3: The content of RRCResume message should be decided by the serving gNB in case of without anchor relocation as serving gNB decides radio configurations.
3) Which node performs ciphering and integrity protection for RRCResume message?
Option 1: The current serving gNB.
Option 2: The anchor gNB.
When the network decides to transit the UE into RRC_CONNECTED, the UE is not aware of this. The UE uses updated security key (marked as KgNB1), which is updated upon initiation of RRCResumeRequest message, to receive DL data and DL signalling (including RRCResume message). Hence, ciphering and integrity protection for RRCResume message need to be performed based on KgNB1. As KgNB1 is used by the anchor gNB for UL/DL data during SDT without anchor relocation, the anchor gNB should perform ciphering and integrity protection for RRCResume message. Option 2 should be adopted.
Observation 4: The anchor gNB should perform ciphering and integrity protection for RRCResume message in the case of without anchor relocation as PDCP is processed in anchor gNB.
4) Which node is RRCResumeComplete message sent to?
Option 1: The current serving gNB.
Option 2: The anchor gNB.
Upon receiving RRCResumeRequest message, the UE enters RRC_CONNECTED mode and sends RRCResumeComplete message for response. When the network decides to transit the UE into RRC_CONNECTED mode, there is no benefit to keep the UE context and handle UL/DL data in anchor gNB. Thus, anchor relocation will be performed. And it is straightforward for the UE to send RRCResumeComplete message to the current serving gNB, which is similar as handover procedure. Option 1 is preferred.
Observation 5: The UE sends RRCResumeComplete message to the current serving gNB in the case of without anchor relocation, which is similar as handover procedure, as anchor relocation is performed when transition to RRC_CONNECTED.
5) Security issue
As analyzed above, updated security key (KgNB1) will be applied to ciphering and integrity protection for RRCResume message.
And similar as handover procedure, we propose that the UE sends RRCResumeComplete message to the current serving gNB. Then subsequent UL/DL data is handled in the current serving gNB. Different security keys should be used in different network nodes. But according to current TS, security key cannot be updated via RRCResume message. Thus, we need to ask SA3 how to ensure security in this case.
The following is the general picture of transition into RRC_CONNECTED during subsequent SDT without anchor relocation.


Figure 2 Transition into RRC_CONNECTED during subsequent SDT without anchor relocation
Observation 6: Without anchor relocation, the issue that how to ensure security separation between two different gNBs after transaction to RRC_CONNECTED needs to be resolved.
Based on the above observations, there are many issues to be resolved if the network wants to transit the UE into RRC_CONNECTED during SDT without anchor relocation. Considering the limited time budget in RAN3 and the impact on RRC message transmission, we propose to discuss the above issues and observations in RAN2 at first.
Proposal 10: RAN2 discuss the procedure if the network wants to transit the UE into RRC_CONNECTED during SDT without anchor relocation, and make the following conclusions:
· Ask RAN3 to decide which node can decide to transit the UE into RRC_CONNECTED.
· The current serving gNB decides the content of RRCResume message.
· The anchor gNB performs ciphering and integrity protection for RRCResume message.
· The UE sends RRCResumeComplete message to the current serving gNB.
· Ask SA3 how to ensure security key separation if UL/DL data and RRCResume message are treated by anchor gNB with updated security key then RRCResumeComplete message and subsequent UL/DL are treated by the current serving gNB.
[bookmark: _GoBack]Conclusion
In this contribution, we discuss some control plane issues, including considerations on control plane SDT, periodic RNA update during SDT procedure, SDT failure detection timer and transition to RRC_CONNECTED. 
For control plane SDT, we observe and propose:
Observation 1: According to the current TS 24.501, NAS layer shall request RRC layer to transition to RRC_CONNECTED state at first if new NAS message for CP SDT arrives during SDT procedure.
Proposal 1: Small data transmission for CP data is configured by network on a per SRB basis via RRCRelease message.
Proposal 2: Data volume threshold for SDT selection is common for both CP SDT and UP SDT.
Proposal 3: Stored configuration in the UE context is also used for the RLC bearer configuration for any SRB which is configured for SDT.
Proposal 4: If SRB2 is configured for SDT by network, the UE shall re-establish SRB2 PDCP entity and resume SRB2 upon initiating RRC resume procedure for SDT.
Proposal 5: ULInformationTransfer message which contains CP small data can be included in the first UL message for CP SDT if SRB2 is configured for SDT by network.
Proposal 6: RAN2 discuss the handling of RRC layer for the case that new NAS message for SDT arrives during SDT, considering NAS layer requests RRC layer to transition to RRC_CONNECTED at first in this case.
For periodic RNA update during SDT procedure, we propose:
Proposal 7: Periodic RNA update is cancelled if T380 expires during SDT procedure.
For SDT failure detection timer, we propose:
Proposal 8: SDT failure detection timer has an extended duration to accommodate subsequent SDT.
Proposal 9: Upon SDT failure detection timer expiry, the UE enters to IDLE.
For transition to RRC_CONNECTED, we observe and propose:
Observation 2: From RAN2 point of view, both serving gNB and anchor gNB can trigger the UE transition to RRC_CONNECTED in case of without anchor relocation. Due to Xn signaling involvement, RAN3 should make the final decision.
Observation 3: The content of RRCResume message should be decided by the serving gNB in case of without anchor relocation as serving gNB decides radio configurations.
Observation 4: The anchor gNB should perform ciphering and integrity protection for RRCResume message in the case of without anchor relocation as PDCP is processed in anchor gNB.
Observation 5: The UE sends RRCResumeComplete message to the current serving gNB in the case of without anchor relocation, which is similar as handover procedure, as anchor relocation is performed when transition to RRC_CONNECTED.
Observation 6: Without anchor relocation, the issue that how to ensure security separation between two different gNBs after transaction to RRC_CONNECTED needs to be resolved.
Proposal 10: RAN2 discuss the procedure if the network wants to transit the UE into RRC_CONNECTED during SDT without anchor relocation, and make the following conclusions:
· Ask RAN3 to decide which node can decide to transit the UE into RRC_CONNECTED.
· The current serving gNB decides the content of RRCResume message.
· The anchor gNB performs ciphering and integrity protection for RRCResume message.
· The UE sends RRCResumeComplete message to the current serving gNB.
· Ask SA3 how to ensure security key separation if UL/DL data and RRCResume message are treated by anchor gNB with updated security key then RRCResumeComplete message and subsequent UL/DL are treated by the current serving gNB.
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