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1 Introduction
In this contribution we discuss the control plane aspects common for RACH based and CG based SDT procedure.
2 Discussion
2.1 RRC message for RRC based SDT 
During SDT, uplink data is transmitted in Msg3/MsgA/CG. gNB receiving uplink data in Msg3/MsgA/CG needs to identify the UE, identify the last serving gNB (if the gNB to which UE is transmitting UL data is different from the GNB where UE has last received RRCRelease with suspend configuration) to retrieve the UE’s context and authenticate the UE. Inorder to do so, additional information (such as those listed below) needs to be transmitted along with uplink data in Msg3/MsgA/CG:
·  Resume Identity (short or full I-RNTI) to identity the UE's context and last serving gNB (if the gNB to which UE is transmitting UL data is different from the GNB where UE has last received RRCRelease with suspend configuration).

· Authentication token (i.e. resumeMAC-I) to authenticate UE.

One may argue that in case of SDT using dedicated CG, Resume Identity (short or full I-RNTI) to identity the UE's context and last serving gNB is not needed as the gNB can identify UE based on CG in which uplink data is received and the last serving gNB is the current gNB as UE performs SDT using CG only if cell is not changed (i.e. camped cell is same the cell to which UE was last connected). However, Authentication token is still needed to authenticate UE in RRC_INACTIVE.
In the current specification, the Resume Identity and resumeMAC-I is included in RRCResumeRequest/RRCResumeRequest1 messages. Instead of defining new mechanism to carry Resume Identity and resumeMAC-I, RRCResumeRequest/RRCResumeRequest1 message can be transmitted along with uplink data in Msg3/MsgA/CG. This is a simple approach and reduces specification effort.

An alternate approach would be to define new RRC message(s) i.e. RRCResumeRequestSDT and RRCResumeRequest1SDT. The RRCResumeRequestSDT includes Short Resume Identity and resumeMAC-I. Short Resume Identity is optional and is included only for RACH based SDT. The RRCResumeRequest1SDT includes Long Resume Identity and resumeMAC-I.  Since SDT is used only for MO, resume cause may not be needed as well. For new message network can always assume that resumeCause is MO-Data. UL data size can be included in the RRC message.
Proposal 1: In RRC based SDT, discuss and agree on one of the following:

Option 1: RRCResumeRequest/RRCResumeRequest1 message is transmitted in Msg3/MsgA/CG.
Option 2:   RRCResumeRequestSDT/RRCResumeRequest1SDT messages are defined for RRC based SDT. 

· The RRCResumeRequestSDT includes Short Resume Identity and resumeMAC-I. Short Resume Identity is optional and is included only for RACH based SDT. 
· The RRCResumeRequest1SDT includes Long Resume Identity and resumeMAC-I.
· RRCResumeRequestSDT is transmitted in Msg3/MsgA/CG
· RRCResumeRequest1SDT is transmitted in Msg3/MsgA
2.2 Handling non SDT DRB during SDT 

Small data transmission is configured by the network on a per DRB basis. The SDT procedure is initiated by UE in RRC_INACTIVE when data arrives only for DRB(s) for which SDT is configured. It is possible that data for non SDT DRB is not available at the time of initiation of SDT procedure. However, data for non SDT DRB may become available while the SDT procedure is ongoing. Two approaches were identified during the previous RAN2 discussions

·  CCCH based approach where the ongoing SDT procedure is terminated and new resume procedure is initiated.

·  DCCH based approach where the ongoing SDT procedure is continued and UE sends a DCCH message to indicate arrival of non SDT data.

Several issues have been identified during the email discussion [1] for CCCH based approach such as:
·  PDCP suspend operation, PDCP COUNT, security key derivation upon termination on SDT procedure, security key for ResumeMAC-I, 

·  identification by network whether UE had an SDT session ongoing and is sending a 2nd RRCResumeRequest message, UE context identification in network
Note that such issues do not arise for DCCH based solution.  Handling of RRCResume to transition UE to RRC_CONNECTED or handling transition from SDT to RRC_INACTIVE or handling non-availability of UL grant are not specific to DCCH solution. These are general issues which needs to be handled even if non SDT data does not arrive during the SDT procedure. So we propose to support DCCH based approach.

Proposal 2: DCCH based approach is used for handling data arrival of non SDT DRB(s).
For DCCH message, an existing RRC message such as UEAssistanceInformation message can be used, however, a new RRC message is preferable to minimize overhead. This RRC message is encrypted and integrity protected using security keys generated upon SDT initiation. The RRC message can include one or more of the following information to assist network in deciding whether to resume connection or not:

· List of one or more RB IDs for which data is arrived

· Data volume per RB or cumulative can also be indicated

Proposal 3: When data arrives on non-SDT bearer during SDT, then the UE sends a new RRC message using DCCH. This RRC message is encrypted and integrity protected using security keys generated upon SDT initiation. The RRC message can include the following information:

· List of one or more RB IDs for which data is arrived

· Data volume per RB or cumulative can also be indicated
2.3 Additional criteria for SDT vs non SDT selection

RAN2 has agreed that the RB(s) for which SDT is enabled is configured by network. If the SDT procedure is not ongoing and data becomes available for transmission, UE determines whether to initiate SDT or not. 

Case 1: Data becomes available only for SDT RB(s)

Case 2: Data becomes available only for non-SDT RB(s)

Case 3: Data becomes available for SDT RB(s) and non-SDT RB(s)

Since the SDT is applicable only for RB(s) for which SDT is enabled, for case 2 and case 3, UE should initiate RRC connection resume procedure. For case 1, UE initiates SDT procedure if all other SDT selection criteria are met.

Proposal 4: If the SDT procedure is not ongoing and data becomes available for non SDT RB(s), UE initiates RRC connection resume procedure. If data becomes available for only SDT RB(s), UE initiates SDT procedure if all other SDT selection criteria are met.
2.4 Paging monitoring 

In RAN2 #114 [2], it was agreed that UE needs to at least monitor SI change notification and emergency notification during SDT procedure. FFS for other cases.
In the RRC_INACTIVE, UE monitors PDCCH addressed to P-RNTI in its paging occasions every DRX cycle

· for receiving SI change indication 

· for receiving paging message (CN as well as RAN paging)

During the SDT procedure, once the network has received the first UL transmission on PUSCH from UE, monitoring paging occasion for paging message is not necessary as network is aware of UE and it can resume connection, if needed. However, the UE should continue to monitor for SI change indication at least once per modification period as in RRC_CONNECTED state. ETWS or CMAS capable UEs should continue to monitor indication about PWS notification in any paging occasion at least once every defaultPagingCycle.
Proposal 5: During the SDT procedure:

·  UE monitors for SI change indication in any paging occasion at least once per modification period.

·  ETWS or CMAS capable UEs monitor indication about PWS notification in any paging occasion at least once every defaultPagingCycle
Proposal 6: During the SDT procedure:

·  In case of RA-SDT, UE does not monitor any paging occasion for paging upon completion of random access procedure initiated for SDT.
·  In case of CG-SDT, UE does not monitor any paging occasion for paging upon receiving the first PDCCH addressed to C-RNTI (SDT-RNTI).
2.5 RNA update

Timer T380 can expire while the SDT procedure is ongoing. Expiry of T380 will initiate RRC resume procedure. Since RRC resume procedure for SDT is ongoing, the second RRC resume should not be initiated. During the SDT procedure, upon receiving the first UL transmission (on PUSCH), network is aware of UE and RAN notification is not needed. One simple way to handle RNA update it to stop the timer T380 when UE initiates SDT procedure. T380 is restarted upon successful completion of SDT procedure i.e. upon reception of RRCRelease. T380 is restarted upon abnormal termination of SDT procedure (i.e. SDT timer expiry, cell reselection, reception of RRCReject, integrity check failure, etc.). if UE continues in RRC_INACTIVE state upon abnormal termination of SDT procedure.
Proposal 7: T380 is stopped upon initiation of SDT procedure.
Proposal 8: T380 is restarted upon abnormal termination of SDT procedure (i.e. SDT timer expiry, cell reselection, reception of RRCReject, integrity check failure, etc.). if UE continues in RRC_INACTIVE state upon abnormal termination of SDT procedure.
3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposals:
Proposal 1: In RRC based SDT, discuss and agree on one of the following:

Option 1: RRCResumeRequest/RRCResumeRequest1 message is transmitted in Msg3/MsgA/CG.
Option 2:   RRCResumeRequestSDT/RRCResumeRequest1SDT messages are defined for RRC based SDT. 

· The RRCResumeRequestSDT includes Short Resume Identity and resumeMAC-I. Short Resume Identity is optional and is included only for RACH based SDT. 
· The RRCResumeRequest1SDT includes Long Resume Identity and resumeMAC-I.
· RRCResumeRequestSDT is transmitted in Msg3/MsgA/CG
· RRCResumeRequest1SDT is transmitted in Msg3/MsgA
Proposal 2: DCCH based approach is used for handling data arrival of non SDT DRB(s).
Proposal 3: When data arrives on non-SDT bearer during SDT, then the UE sends a new RRC message using DCCH. This RRC message is encrypted and integrity protected using security keys generated upon SDT initiation. The RRC message can include the following information:

· List of one or more RB IDs for which data is arrived

· Data volume per RB or cumulative can also be indicated
Proposal 4: If the SDT procedure is not ongoing and data becomes available for non SDT RB(s), UE initiates RRC connection resume procedure. If data becomes available for only SDT RB(s), UE initiates SDT procedure if all other SDT selection criteria are met.
Proposal 5: During the SDT procedure:

·  UE monitors for SI change indication in any paging occasion at least once per modification period.

·  ETWS or CMAS capable UEs monitor indication about PWS notification in any paging occasion at least once every defaultPagingCycle
Proposal 6: During the SDT procedure:

·  In case of RA-SDT, UE does not monitor any paging occasion for paging upon completion of random access procedure initiated for SDT.
·  In case of CG-SDT, UE does not monitor any paging occasion for paging upon receiving the first PDCCH addressed to C-RNTI (SDT-RNTI).
Proposal 7: T380 is stopped upon initiation of SDT procedure.
Proposal 8: T380 is restarted upon abnormal termination of SDT procedure (i.e. SDT timer expiry, cell reselection, reception of RRCReject, integrity check failure, etc.). if UE continues in RRC_INACTIVE state upon abnormal termination of SDT procedure.
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