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[bookmark: _Ref528762725]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]We agreed to support SDT with RRC message as the baseline for RA-based and CG based SDT schemes. In this contribution, we would like to discuss some control plane common aspects during SDT with RRC message. Handling of subsequent SDT, cell reselection and cause value are discussed.
Discussion 
2.1. Handling of Subsequent SDT
When to send RRCRelease
We agreed to support subsequent UL/DL transmission without transitioning to RRC_CONNECTED. There are two possible options for the network to send RRCRelease message during SDT with subsequent UL/DL transmission.
Option 1:The network sends RRCRelease message at the end of SDT, i.e. after completion of subsequent data transmission.


Figure 1 RRCRelease message is sent after completion of SDT
In this option, subsequent SDT is transmitted before the network sends RRCRelease message.
Option 2: The network sends RRCRelease message immediately to response RRCResumeRequest message.


Figure 2 Subsequent data transmission after reception of RRCRelease message
In this option, subsequent SDT is transmitted after the network sends RRCRelease message.
With option 1, the network can switch the UE into RRC_CONNECTED mode with legacy RRC procedure at any time during the subsequent data transmission as per the network decision This flexibility is important as the network would be able to make the decision to transmit the UE to RRC_CONNECTED based on the DL data arrivals and other information at the network.
With option 2, it is unclear how the network would transit the UE into RRC_CONNECTED mode if more data arrives. Furthermore, if subsequent SDT after receiving RRCRelease message is sent with RRC signalling, signalling overhead is large. And if subsequent SDT after receiving RRCRelease message is sent without RRC signalling, it is still FFS how to support SDT without RRC signalling.
Thus, Option 1 is preferred in current stage.
Proposal 1: For SDT with RRC message, the network sends RRCRelease message at the end of SDT, i.e. completion of subsequent data transmision.
New data or signalling handling during SDT procedure
During subsequent UL/DL transmission without transitioning to RRC_CONNECTED, it is possible that the following events could occur:
Case 1: New data for other SDT arrives.
Case 2: New data for non-SDT arrives.
Case 3: New NAS event (e.g. UE-request PDU session modification) is triggered.
Case 4: Periodic RNA update is triggered.
We will analyze how to handle these events case by case.
· Case 1: New data for other SDT arrives.
During [POST112-e][551] email discussion[1], all companies agree to trigger BSR to indicate presence of subsequent data if new data for other SDT arrives. The detail is FFS.
The decision on new data arrival for other SDT can be made based on the email discussion.
· Case 2: New data for non-SDT arrives.
If new data for non-SDT arrives during subsequent SDT procedure, there are two possible options:
Option 1: UE triggers another RRC Resume procedure.
Option 2: UE indicates the network that new data for non-SDT arrives via MAC CE or other message.
With option 1, there is a security issue which is described below. Based on current RRC resume procedure as follows, the UE will derive new KgNB key (marked as KgNB1) and apply to all radio bearers except SRB0.
	1>	set the resumeMAC-I to the 16 least significant bits of the MAC-I calculated:
2>	over the ASN.1 encoded as per clause 8 (i.e., a multiple of 8 bits) VarResumeMAC-Input;
2>	with the KRRCint key in the UE Inactive AS Context and the previously configured integrity protection algorithm; and
2>	with all input bits for COUNT, BEARER and DIRECTION set to binary ones;
1>	derive the KgNB key based on the current KgNB key or the NH, using the stored nextHopChainingCount value, as specified in TS 33.501 [11];
1>	derive the KRRCenc key, the KRRCint key, the KUPint key and the KUPenc key;
1>	configure lower layers to apply integrity protection for all radio bearers except SRB0 using the configured algorithm and the KRRCint key and KUPint key derived in this subclause immediately, i.e., integrity protection shall be applied to all subsequent messages received and sent by the UE;
NOTE 1:	Only DRBs with previously configured UP integrity protection shall resume integrity protection.
1>	configure lower layers to apply ciphering for all radio bearers except SRB0 and to apply the configured ciphering algorithm, the KRRCenc key and the KUPenc key derived in this subclause, i.e. the ciphering configuration shall be applied to all subsequent messages received and sent by the UE;


Thus, if there is a second resume procedure as per Option 1, the KgNB key (marked as KgNB2) will be updated based on current KgNB key (KgNB1). KgNB2 will be applied to all radio bearers except SRB0 for subsequent procedure in UE side as per the current specification. However, the network cann’t be aware of this until it receives the second RRC resume message. The network will use the first derived KgNB key (i.e. KgNB1) for DL data transmission prior to receiving the second RRC Resume message. Then the UE cann’t perform deciphering and integrity verification successfully.
In addition, based on our previous agreement, SRB1 has already been resumed after transmission of the first RRCResumeRequest message. It is not logical to trigger and transmit a RRC message via SRB0 after SRB1 is resumed. Therefore, it is questionable which SRB (SRB1 or SRB0 ) should be used for the transmission of the second RRC resume request message. 
Moreover, during the second resume procedure, the UE will perform unified access control again. But it is redundant as the UE has already been accepted by the network with the same access category for MO data.
With option 2, it is aligned with the case for the arrival of new SDT data if BSR is adopted. BSR is triggered whenever new data is arrived on either SDT DRBs or non-SDT DRBs. In order to realize option 2, SDT DRBs and  non-SDT DRBs need to be resumed upon initiation of resume procedure.
Based on the above discussion point, the following observations can be made. 
[bookmark: _Hlk60844234]Observation 1: If UE triggers another RRC Resume procedure during subsequent SDT, some issues (including security issue, SRB0 issue after resumption of SRB1, and redundant access control) need to be resolved.
Proposal 2: UE indicates the network that new data for non-SDT DRBs arrives via BSR MAC CE.
Proposal 3: In order to trigger BSR when new data arrives, non-SDT DRBs are also resumed upon initiation of resume procedure.
· Case 3: New NAS event  is triggered.
During subsequent SDT procedure, new NAS event (e.g. UE-request PDU session modification) may be triggered. There are two possible options to handle this case:
Option 1: UE triggers another RRC Resume procedure.
Option 2: UE sends the ULInformationTransfer message which contains UL NAS message directly.
As discussed in observation 1 above, some issues (including security issue, SRB0 issue after resumption of SRB1, and redundant access control) arise with option 1.
[bookmark: _Hlk60847275]Option 2 can avoid redundant procedure as the UE sends the UL NAS message to the network directly. In order to realize option 2, SRB2 (beside SRB1) needs to be resumed upon initiation of resume procedure.
Proposal 4: The UE sends the ULInformationTransfer message which contains UL NAS message directly when new NAS event is triggered during subsequent SDT.
Proposal 5: SRB2 is resumed upon initiation of resume procedure with SDT.
· Case 4: Periodic RNA update is triggered.
According to the current TS, 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 subsequent SDT procedure within RRC_INACTIVE. There are two possible options to handle the case:
Option 1: UE triggers another RRC Resume procedure.
[bookmark: _Hlk60847302]Option 2: Periodic RNA update is cancelled.
As analysed in observation 1 above, option 1 has some issues.
Periodic RNA update procedure can ensure reachability between UE and NG-RAN node. However during subsequent 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 may fall back to normal RRC Resume procedure, it is reasonable to cancel periodic RNA update procedure if T380 expires during SDT procedure.
Proposal 6: Periodic RNA update is cancelled if T380 expires during SDT procedure.
Beam management during subsequent SDT procedure
As subsequent SDT procedure without transitioning to RRC_CONNECTED is supported, the duration of SDT within RRC_INACTIVE may be longer. Hence, beam management may be an issue during subsequent SDT procedure. The possible options for beam management during SDT procedure are:
Option 1: The UE reports beam level measurement to the network.
Option 2: If beam switching is detected on UE side, the UE indicates the event to the network together with the selected beam.
Option 3: Assume the beam information derived based on SSB during RACH procedure or CG procedure is always valid during subsequent SDT.
Option 1 is similar as beam measurement report in RRC_CONNECTED and option 2 is similar as beam failure recovery procedure. Both option 1 and option 2 are complex for SDT procedure. If beam is changed fast, it is better to transit the UE to RRC_CONNECTED for data transmission. Thus, option 3 is preferred as it is simple. A simple failure handling mechanism (e.g. RRC reestablishment is triggered to transit UE to RRC_CONNECTED) can be defined if beam failure or RLM failure is detected during SDT. 
Proposal 7: Assume the beam information derived based on SSB during RACH procedure or CG procedure is  valid during subsequent SDT.
2.2. Cell reselection
During [Post111-e][925] email discussion, several solutions were discussed when cell reselection happens during SDT.
Opt1: UE enters RRC_IDLE.
Opt2: UE enters RRC_INACTIVE.
Opt3: UE triggers RRC re-establishment procedure.
Opt1 follows legacy behaviors, i.e. the UE enters into RRC_IDLE if cell reselection occurs while the UE is waiting for response for RRCResumeRequest message. But data loss can’t be avoided. Opt2 has security issues, e.g. how to handle security keys in the new cell after cell reselection. Opt3 can avoid data loss as PDCP level retransmission can be performed after re-establishment procedure.
Cell reselection during SDT is a corner case even if the duration of SDT is extended due to subsequent SDT. Hence, we slightly prefer to keep it simple and leave it to higher layers in the UE to recover the lost data.
Proposal 8: UE enters RRC_IDLE if cell reselection happens during SDT.
2.3. Cause value
In last RAN2 meeting, it is FFS on whether to introduce a new Resume cause.
Based on previous agreement below, resource for the first UL message of SDT is different from that for non-SDT. Hence, the network can distinguish whether the received UL message is for SDT or not. A new Resume cause value is not needed.
	10:  As a baseline, the RACH resource i.e. (RO+preamble combination) is different between SDT and non-SDT 
-	If ROs for SDT and non SDT are different, preamble partitioning between SDT and non SDT is not needed.
-	If ROs for SDT and non SDT are same, preamble partitioning is needed
FFS if common configuration should be allowed
Agreements:
1	The configuration of configured grant resource for UE uplink small data transfer is contained in the RRCRelease message. FFS if other dedicated messages can configure CG in INACTIVE CG. Configuration is only type 1 CG with no contention resolution procedure for CG.


Proposal 9: No need to introduce a new Resume cause for SDT.
Conclusion
In this contribution, handling of subsequent SDT, cell reselection and cause value are discussed.
For handling of subsequent SDT, we propose:
Proposal 1: For SDT with RRC message, the network sends RRCRelease message at the end of SDT, i.e. completion of subsequent data transmision.
Observation 1: If UE triggers another RRC Resume procedure during subsequent SDT, some issues (including security issue, SRB0 issue after resumption of SRB1, and redundant access control) need to be resolved.
Proposal 2: UE indicates the network that new data for non-SDT DRBs arrives via BSR MAC CE.
Proposal 3: In order to trigger BSR when new data arrives, non-SDT DRBs are also resumed upon initiation of resume procedure.
Proposal 4: The UE sends the ULInformationTransfer message which contains UL NAS message directly when new NAS event is triggered during subsequent SDT.
Proposal 5: SRB2 is resumed upon initiation of resume procedure with SDT.
Proposal 6: Periodic RNA update is cancelled if T380 expires during SDT procedure.
Proposal 7: Assume the beam information derived based on SSB during RACH procedure or CG procedure is  valid during subsequent SDT.
For cell reselection, we propose:
Proposal 8: UE enters RRC_IDLE if cell reselection happens during SDT.
For cause value, we propose:
Proposal 9: No need to introduce a new Resume cause for SDT.
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