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[bookmark: OLE_LINK338][bookmark: OLE_LINK339]Introduction
[bookmark: OLE_LINK130][bookmark: OLE_LINK131]From previous agreements, it is known that the UE can initiate a RA-SDT if certain criteria is met. First of all, a RA procedure can be initiated as part of the RA-SDT. Moreover, the UE can keep in the RRC_INACTIVE state to transmit the small UL/DL data after successful completion of the RA procedure in the same RA-SDT. The period between RA completion until the end of the RA-SDT can be defined as the subsequent data transmission period. Moreover, in the subsequent data transmission period, the UE should monitor the PDCCH to receive the potential scheduling from NW. Moreover, during the RAN2#113e meeting, an agreement has been made to not support connected mode DRX for SDT. However, the details of how a UE should monitor PDCCH in the RA-SDT, i.e., during the RA procedure and/or during subsequent data transmission period, remains unspecified. Thus, we provide some options and our views on this issue.
	[bookmark: Proposal_Pattern_Length]Agreement in RAN2#111
· UL/DL transmission following UL SDT without transitioning to RRC_CONNECTED is supported
· When UE is in RRC_INACTIVE, it should be possible to send multiple UL and DL packets as part of the same SDT mechanism and without transitioning to RRC_CONNECTED on dedicated grant. FFS on details and whether any indication to network is needed.
Agreement in RAN2#112
· For RACH based solutions, upon successful completion of contention resolution, the UE shall monitor the C-RNTI. 
Agreement in RAN2#113
· RAN2 design assumes that RRCRelease message is sent at the end to terminate the SDT procedure from RRC point of view. The RRCRelease sent at the end of the SDT may contain the CG resource (as per previous agreement).   Write an LS to SA3 to explain SDT procedure and agreement.
[bookmark: OLE_LINK191][bookmark: OLE_LINK192]Agreement in RAN2#113 bis
· Connected mode DRX is not supported for SDT.
· C. RA-SDT criteria is considered met, if all of the following conditions are met,
1) available data volume <= data volume threshold
2) RSRP is greater than or equal to a configured threshold
3) 4 step RA-SDT resources are configured on the selected UL carrier and criteria to select 4 step RA SDT is met; or 2 step RA-SDT resources are configured on the selected UL carrier and criteria to select 2 step RA SDT is met


Discussion
[bookmark: OLE_LINK110][bookmark: OLE_LINK111][bookmark: OLE_LINK112][bookmark: OLE_LINK432][bookmark: OLE_LINK433][bookmark: OLE_LINK451][bookmark: OLE_LINK452][bookmark: OLE_LINK1115][bookmark: OLE_LINK1116]PDCCH monitoring during RA procedure of RA-SDT
[bookmark: OLE_LINK79][bookmark: OLE_LINK85]Figure 1 illustrates a flow for a RA-SDT. The UE in RRC_INACTIVE initiates a RA-SDT when it has UL small data available for transmission, and the criteria to initiate RA-SDT are satisfied. During the RA procedure that is as part of the RA-SDT, the UE transmits the preamble/PRACH resource with SDT indication via Msg1/MsgA. Then the UE transmits an RRC resume request message, through Msg3/MsgA PUSCH. Once the Msg3/MsgA PUSCH has been transmitted, the UE should monitor PDCCH to receive Msg4/MsgB for contention resolution. 
[bookmark: OLE_LINK185][bookmark: OLE_LINK186]One thing worth noticing is that the UE could already have a valid C-RNTI for use in RRC_INACTIVE state even before the RA-SDT is initiated. For example, a valid C-RNTI could be a C-RNTI inherited from RRC_CONNECTED state or a C-RNTI configured via RRC release message for SDT. Moreover, the NW could possibly identify the UE based on the content of RRC resume request message transmitted by the UE in Msg3/MsgA PUSCH. However, based on current MAC specification [1], if CCCH SDU (i.e., RRC resume request message) is transmitted in Msg3/MsgA payload, contention resolution can only be performed based on PDCCH transmission that associates TEMPORARY_C-RNTI/MSGB-RNTI for the DL assignment of Msg4/MsgB (since the Msg4/MsgB should include the DL UE contention resolution identity MAC CE). Then, to consider the RA procedure as successfully completed, the UE needs to check whether the DL UE contention resolution identity MAC CE in the Msg4/MsgB (assuming the MsgB contains a success RAR) matches the CCCH SDU transmitted in Msg3/MsgA payload.
Observation 1: The UE could have a valid C-RNTI while in the RRC_INACTIVE before the RA-SDT is initiated.
[bookmark: OLE_LINK187][bookmark: OLE_LINK188]Observation 2: Based on current MAC specification, if a CCCH SDU is transmitted in Msg3/MsgA payload, contention resolution can only be performed based on a PDCCH addressed to TEMPORARY_C-RNTI/MSGB-RNTI for the DL assignment of Msg4/MsgB.
[bookmark: OLE_LINK189][bookmark: OLE_LINK190]This behavior defined in current MAC specification could lead to resource wastage because the NW needs to include a DL UE contention resolution identity MAC CE in Msg4/MsgB. Moreover, the NW cannot transmit Msg4/MsgB in the form of an dynamic UL grant associated with C-RNTI on PDCCH. As a result, if any pending UL small data remains at the UE after Msg3/MsgA payload transmission, it cannot be transmitted on a PUSCH scheduled by Msg4/MsgB. The pending UL small data can only be transmitted after the RA procedure is completed, i.e., via an PUSCH scheduled by an UL grant during subsequent data transmission period of the RA-SDT. Thus, the delay of small data transmission would be introduced.
[bookmark: OLE_LINK195][bookmark: OLE_LINK196]Observation 3: The delay of small data tansmission would be introduced if any pending small data remains after Msg3/MsgA transmission, since it cannot be transmitted via an UL grant scheduled by Msg4/MsgB.
Hence, it is suggested that RAN2 could discuss the potential enhancements of a RA procedure during an RA-SDT in order to reduce the delay of small data transmission by improving the network scheduling flexibility of Msg4/MsgB. An approach is to allow a UE to monitor PDCCH transmission that associates with the UE’s C-RNTI for Msg4/MsgB, even if a CCCH SDU  (i.e., RRC resume request message) is transmitted in Msg3/MsgA payload as part of a RA-SDT. 
Proposal 1: UE could monitor PDCCH addressed to C-RNTI for Msg4/MsgB, even if a CCCH SDU  (i.e., RRC resume request message) is transmitted in Msg3/MsgA payload as part of a RA-SDT.


[image: ]
[bookmark: OLE_LINK117][bookmark: OLE_LINK118][bookmark: OLE_LINK102][bookmark: OLE_LINK103]Figure 1: RA-SDT

PDCCH monitoring during subsequent data transmission period of RA-SDT
[bookmark: OLE_LINK128][bookmark: OLE_LINK129]As shown in Figure 1, after successful completion of the RA procedure, the UE should further monitor PDCCH to receive the possible scheduling for subsequent data transmission if the SDT procedure hasn’t been terminated. In the end, the NW can send an RRC release message to terminate the SDT procedure. The period between RA completion to the end of the RA-SDT can be referred to as the subsequent data transmission period. However, how to monitor the PDCCH in the subsequent data transmission period is unclear.
[bookmark: OLE_LINK125][bookmark: OLE_LINK126]Observation 4: How to monitor the PDCCH in the subsequent data transmission period is unclear.
In the subsequent data transmission period, for PDCCH monitoring, two options as illustrated in Figure 2 can be taken into account.
[bookmark: OLE_LINK106][bookmark: OLE_LINK107][bookmark: OLE_LINK104][bookmark: OLE_LINK105]Option 1 is to keep monitoring the PDCCH within  the whole subsequent data transmission period, i.e., the UE should continuously monitor the PDCCH after successful completion of the RA procedure until the end of the RA-SDT. The benefit of this option is to increase the scheduling opportunity. The NW can schedule the UE with UL and/or DL data at any moment if it is covered by search space without limitation. However, the shortcoming would be power consumption due to constant monitoring and blind decoding.
[bookmark: OLE_LINK119][bookmark: OLE_LINK120]Option 2 is to monitor the PDCCH based on a timer or window. For example, the UE can start a timer upon successful completion of the RA procedure. When the UE receives a PDCCH or performs a DL/UL transmission, the UE can restart the timer. While the timer is running, the UE should monitor the PDCCH. The timer can be stopped if the SDT procedure is terminated.  This timer may be similar to the timer/window for CG-SDT as what have agreed in RAN2#113 bis. However, for option 2, the NW may need to keep scheduling the UE to prolong the running timer. Otherwise, if the timer expires, the UE will stop monitoring PDCCH, then the NW cannot send the RRC release to terminate the SDT procedure. As a result, the UE can only terminate the SDT procedure by the implicit way, e.g., expiration of SDT failure detection timer.
	Agreement in RAN2#113 bis
UE start a window after CG/DG transmission for CG-SDT.   FFS whether to design a new timer or to reuse an existing timer.



[bookmark: OLE_LINK204][bookmark: OLE_LINK205][image: ]
[bookmark: OLE_LINK121][bookmark: OLE_LINK122]Figure 2: PDCCH monitoring in subsequent data transmission period

[bookmark: OLE_LINK123][bookmark: OLE_LINK124][bookmark: OLE_LINK127][bookmark: OLE_LINK132][bookmark: OLE_LINK113][bookmark: OLE_LINK114]Proposal 2: RAN2 down selects one of the following options for PDCCH monitoring in the subsequent data transmission period (i.e., after successful completion of the RA procedure until the end of the SDT procedure):
· [bookmark: OLE_LINK115][bookmark: OLE_LINK116][bookmark: OLE_LINK193][bookmark: OLE_LINK194]Option 1: UE continuously monitors the PDCCH after successful completion of the RA procedure until the end of the SDT procedure.
· Option 2: UE monitors the PDCCH while a timer is running after successful completion of the RA procedure until the end of the SDT procedure.
· The timer is started upon successful completion of the RA procedure.
· The timer is restarted when the UE receives a PDCCH or performs a DL/UL transmission.
Conclusion
Based on the above description, we have the following observations and proposals.
Observation 1: The UE could have a valid C-RNTI while in the RRC_INACTIVE before the RA-SDT is initiated.
Observation 2: Based on current MAC specification, if a CCCH SDU is transmitted in Msg3/MsgA payload, contention resolution can only be performed based on a PDCCH addressed to TEMPORARY_C-RNTI/MSGB-RNTI for the DL assignment of Msg4/MsgB.
Observation 3: The delay of small data tansmission would be introduced if any pending small data remains after Msg3/MsgA transmission, since it cannot be transmitted via an UL grant scheduled by Msg4/MsgB.
Observation 4: How to monitor the PDCCH in the subsequent data transmission period is unclear.
Proposal 1: UE could monitor PDCCH addressed to C-RNTI for Msg4/MsgB, even if a CCCH SDU  (i.e., RRC resume request message) is transmitted in Msg3/MsgA payload as part of a RA-SDT.
Proposal 2: RAN2 down selects one of the following options for PDCCH monitoring in the subsequent data transmission period (i.e., after successful completion of the RA procedure until the end of the SDT procedure):
· Option 1: UE continuously monitors the PDCCH after successful completion of the RA procedure until the end of the SDT procedure.
· Option 2: UE monitors the PDCCH while a timer is running after successful completion of the RA procedure until the end of the SDT procedure.
· The timer is started upon successful completion of the RA procedure.
· The timer is restarted when the UE receives a PDCCH or performs a DL/UL transmission.
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[1] [bookmark: _Ref60142541]3GPP TS 38.321; NR; Medium Access Control (MAC) protocol specification
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