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1. Introduction
[bookmark: OLE_LINK70]Small Data Transmission in RRC INACTIVE topic was discussed during the previous meetings where numerous agreements were made. In this paper, we further discuss the user plane common aspects for small data transmission (SDT) using both random access based schemes and CG based scheme.
2. Discussions
2.1 Radio bearer handling during SDT
[bookmark: OLE_LINK43][bookmark: OLE_LINK44]In Release 15, when receiving the RRCResume message, the UE resumes all DRBs as well as SRB2 and re-establishes PDCP entity for all DRBs and SRB2 for applying the new KEY provided by previous RRCRelease message. For SDT, RAN2 agreed SDT is configured on a per radio bearer basis and that only SDT RBs should be resumed at initiation of SDT procedure. This means PDCP re-establishment is performed only for SDT RBs. 
After the UE sends RRCResumeRequest message for SDT, the network can move the UE from RRC_INACTIVE to RRC_CONNECTED state by sending RRCResume message as agreed below. 
	UE switches from SDT to non-SDT in following cases:
-	Case 1 (27/0): UE receive indication from network to switch to non-SDT procedure. 
-		Network can send RRCResume. FFS whether network can send indication in RAR/fallbackRAR/DCI to switch to non-SDT procedure.
-	FFS Case 2 (18/9): Initial UL transmission (in msgA/Msg3/CG resources) fails configured number of times



It was discussed during the “[Post114-e][507][SData] Non-SDT data arrival handling” e-mail discussion how to handle UE’s PDCP entities when the UE receive RRCResume during an SDT procedure and the following proposal was made based on the view of the majority of companies:
	Proposal 3.	[To agree] [13/16] [option 2.c)] The PDCP entities of only the non-SDT RBs are re-established (i.e. not for the SDT RBs) unless any new security keys are derived during the switch from SDT to CONNECTED (i.e. when UE receives RRCResume message during an SDT session).  Current signalling (e.g. resume) can be used by the network to re-establish these PDCP entities as required.



[bookmark: OLE_LINK66]There is also a possibility that the UE will receive RRCReject message in response to the RRCResuemequest for SDT. In that situation, it should be clarified in specifications that, in addition to suspending the SRB1, the UE shall suspend the RBs that are configured for small data transmission.
[bookmark: OLE_LINK151][bookmark: OLE_LINK150]Proposal 1: When UE receives RRCReject message in response to RRCResumeRequest message for SDT, the UE shall suspend all the RBs that are configured for small data transmission.
2.2 SDT data in msg4/msgB
In legacy 4-step RA, the DL-SCH MAC PDU can include a MAC subPDU with a MAC subheader and a MAC SDU of a single UE, since msg4 is solely for the UE whose contention resolution succeeds.
In legacy 2-step RA, MSGB MAC PDU also can include a MAC subheader and MAC SDU for CCCH or DCCH. MAC subPDU(s) for MAC SDU are placed immediately after the 'MAC subPDU for successRAR' indicating presence of 'MAC subPDU(s) for MAC SDU', and at most one 'MAC subPDU for successRAR' indicating presence of 'MAC subPDU(s) for MAC SDU' is included in a MAC PDU. This means that only one UE’s SDU can be included in MSGB.
In SDT, after msg3/MsgA with UL data is transmitted, there may be downlink data that needs to be transmitted, we think it should be allowed to include this data in msg4/MSGB already. In order to minimize the impact of the specification, we think it is sufficient to agree that msg4/MSGB includes MAC SDU of only one UE, similarly as in the legacy specifications.
Proposal 2: SDT data can be included in msg4/MsgB. Data of only a single UE can be included in the msg4/MsgB.
[bookmark: OLE_LINK74][bookmark: OLE_LINK75][bookmark: OLE_LINK7]2.3 RA for Scheduling Request
RAN2 agreed “SR resource is not configured for SDT. When the BSR is triggered by SDT data, the UE will trigger RA because SR resource is not available, same as legacy”. In legacy RA for RRC_CONNECTED, C-RNTI MAC CE is transmitted without any CCCH SDU in MSG3 or MSGA. For SDT, the UE will also have to identify itself with the network and at least for RA-SDT it can be done with C-RNTI assigned during SDT RACH procedure. For CG-SDT, the UE should also provide its RNTI, which can be either a C-RNTI or a “SDT-RNTI” depending on which RNTI is agreed to be used. 
[bookmark: OLE_LINK50][bookmark: OLE_LINK45]Proposal 3: During RACH related to Scheduling Request, the UE includes its RNTI in MSG3/MSGA (e.g. C-RNTI for RA-SDT)
Another issue that needs to be considered is whether the UE should use RACH resources from SDT or non-SDT pool for RA related to SR, in case separate RACH resources are configured for SDT. In our opinion, it is natural to allow for UL data to be sent in MSG3 or MSGA of the RA for SR during SDT procedure. 
[bookmark: OLE_LINK67]Proposal 4: For RA triggered by SR for SDT, the UE uses SDT RA resource and includes UL data in MSG3 or MSGA. 
[bookmark: OLE_LINK54][bookmark: OLE_LINK55]2.4 Power Headroom Report
In legacy specifications, the power headroom report (PHR) is used by the network to assigning DG resource with the transmit power not exceeding the maximum power of the UE. RAN2 also agreed that PHR is useful during SDT procedure “PHR functionality is supported for SDT FFS on PHR procedure”. The following subsection discuss some details of the PHR procedure for SDT.
2.4.1 PHR configuration
In legacy, the PHR configuration has the following parameters to control whether to trigger PHR.
	RRC controls Power Headroom reporting by configuring the following parameters:
-	phr-PeriodicTimer;
[bookmark: OLE_LINK22]-	phr-ProhibitTimer;
-	phr-Tx-PowerFactorChange;
[bookmark: OLE_LINK20][bookmark: OLE_LINK21]-	phr-Type2OtherCell;      (CA)
-	phr-ModeOtherCG;       (DC)  
-	multiplePHR;         (CA and DC)
-	mpe-Reporting-FR2;        (CA)
-	mpe-ProhibitTimer;      (CA)
-	mpe-Threshold.     (CA)


We think only part of the above parameters are needed for SDT since there is no CA or DC for SDT over RRC_INACTIVE.
[bookmark: OLE_LINK68]Observation 1: PHR configuration for SDT shall only include phr-PeriodicTimer, phr-ProhibitTimer and phr-Tx-PowerFactorChange.
Furthermore, PHR configuration can be either default or configured dedicatedly to the UE. We think this can be applicable to SDT as well. Dedicated PHR configuration for SDT can be utilized in the cell where the UE has received the RRCRelease message while in case the UE has no dedicated configuration or reselects another cell, it would use the default configuration. 
[bookmark: OLE_LINK69]Proposal 5: Dedicated PHR configuration can be provided to the UE in RRCRelease message. 
Proposal 6: Dedicated PHR configuration for SDT can be utilized in the cell where the UE has received the RRCRelease message while in case the UE has no dedicated configuration or reselects another cell, it would use the default configuration.
[bookmark: OLE_LINK23][bookmark: OLE_LINK24]2.4.2 PHR triggering
According to current specifications, PHR is triggered when phr-PeriodicTimer expires or when phr-ProhibitTimer expire and some additional conditions as copied below are met:
	-	phr-ProhibitTimer expires or has expired and the path loss has changed more than phr-Tx-PowerFactorChange dB for at least one activated Serving Cell of any MAC entity of which the active DL BWP is not dormant BWP which is used as a pathloss reference since the last transmission of a PHR in this MAC entity when the MAC entity has UL resources for new transmission;
-	phr-PeriodicTimer expires;



Except for these conditions, we think for SDT another aspect that should be considered is whether the UE is performing a one-shot or multi-shot transmission. For one-shot transmission, there is no need to send a PHR to network as it would be a useless information for the network. For multi-shot transmission on the other hand, there are benefits to trigger a PHR already upon initiation of SDT procedure since it will make the network aware of the power headroom as soon as possible, e.g. in the first message of SDT. The network can use this PHR for assigning the DG resource with the transmit power not exceeding the maximum power of the UE during subsequent transmission period.
[bookmark: OLE_LINK76]Proposal 7: For a “multi-shot” SDT procedure, PHR is triggered upon initiation of SDT procedure.
2.4.3 PHR format
[bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK42]In NR legacy, two types of PHR format were defined: single entry PHR MAC CE and multiple entries PHR MAC CE. The single entry PHR MAC is used for single cell scenario while the multiple entries PHR MAC CE is used for CA and DC scenario. For SDT, there is no CA and DC and, as a consequence, only single entry PHR is needed. 
[bookmark: OLE_LINK77]Proposal 8: Only single entry PHR is supported for both CG-SDT and RA-SDT. 
2.5 PDCCH monitoring
In RAN2#113bis-e meeting, RAN2 agreed that PDCCH monitoring control after CG or DG transmission for CG-SDT is supported. Whether to introduce a new timer or reuse an existing timer is FFS, the related agreements are as follows:
	RAN2 #113bis-e agreement
UE start a window after CG/DG transmission for CG-SDT.   FFS whether to design a new timer or to reuse an existing timer.



This means that a timer to control PDCCH monitoring after CG-SDT transmission is needed. The motivation is to save UE’s power due to the fact that if UE keeps monitoring PDCCH while gNB does not schedule any uplink grant for subsequent transmission, the power consumption would be increased unnecessarily. However, we understand that since RAN2 agreed not to introduce DRX for SDT, then the UE needs to monitor PDCCH within its search space for as long as SDT procedure is ongoing to be able to receive a DCI scheduling, e.g. a downlink message terminating the SDT procedure. Therefore, we believe the UE should restart the timer after each UL and DL transmission and upon timer expiry, the UE should declare SDT failure as it will not be possible to terminate the SDT procedure via RRC message any more as the UE will not be monitoring PDCCH.
Proposal 9: PDCCH monitoring timer is restarted after each UL/DL transmission during SDT procedure.
Proposal 10: An expiry of PDCCH monitoring timer leads to SDT procedure failure.
For the moment the PDCCH monitoring timer was agreed for CG-SDT only, but the same timer is needed and can be applied to RA-SDT as well. The only difference would be that the timer for RA-SDT would obviously have a different starting point compared to CG-SDT, i.e. the timer for RA-SDT should be started after successful completion of RA procedure (i.e. after contention resolution) for the first message.
Proposal 11: Similarly as for CG-SDT, a PDCCH monitoring timer is used for RA-SDT scheme. A common timer can be used for PDCCH monitoring of CG-SDT and RA-SDT.
3. Conclusion
Based on the above discussion, we make the following proposals: 
Proposal 1: When UE receives RRCReject message in response to RRCResumeRequest message for SDT, the UE shall suspend all the RBs that are configured for small data transmission.
Proposal 2: SDT data can be included in msg4/MsgB. Data of only a single UE can be included in the msg4/MsgB.
Proposal 3: During RACH related to Scheduling Request, the UE includes its RNTI in MSG3/MSGA (e.g. C-RNTI for RA-SDT)
Proposal 4: For RA triggered by SR for SDT, the UE uses SDT RA resource and includes UL data in MSG3 or MSGA. 
Proposal 5: Dedicated PHR configuration can be provided to the UE in RRCRelease message. 
[bookmark: _GoBack]Proposal 6: Dedicated PHR configuration for SDT can be utilized in the cell where the UE has received the RRCRelease message while in case the UE has no dedicated configuration or reselects another cell, it would use the default configuration
Proposal 7: For a “multi-shot” SDT procedure, PHR is triggered upon initiation of SDT procedure.
Proposal 8: Only single entry PHR is supported for both CG-SDT and RA-SDT. 
Proposal 9: PDCCH monitoring timer is restarted after each UL/DL transmission during SDT procedure.
Proposal 10: An expiry of PDCCH monitoring timer leads to SDT procedure failure.
Proposal 11: Similarly as for CG-SDT, a PDCCH monitoring timer is used for RA-SDT scheme. A common timer can be used for PDCCH monitoring of CG-SDT and RA-SDT.
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