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1. Introduction
In RAN2#115-e meeting, the following agreements on CG based small data transmission were made as in [1].
	Agreements
1.	If none of the SSBs’ RSRP is above the RSRP threshold of CG-SDT criteria in the type selection phase, UE should select RA-SDT if RA-SDT criteria is met
2.	MAC PDU rebuilding is not required (unless we find a case that is needed)
3.	During subsequent CG transmission phase (i.e. after the UE has received response from NW) UE can initiate at least legacy RACH procedure (e.g. trigger due to no UL resources).  No MAC PDU rebuilding is required.  FFS if the RA-SDT RA resources can be used for subsequent data.   
a.	At least the following conditions are agreed: (1) no qualified SSB when the evaluation is performed; (2) when TA is invalid; (3) when SR is triggered due to lack of UL resource
4.	UE should release CG-SDT resource (if stored) when UE initiates RRC resume procedure from another cell which is different from the cell in which the RRCRelease is received.
5.	The C-RNTI previously configured in RRC_CONNECTED state is used for UE to monitor PDCCH in CG-SDT.  
6.	CS-RNTI based dynamic retransmission mechanism can be reused for CG-SDT.  FFS whether CS-RNTI is the same one as the one previously configured in RRC_CONNECTED or a new CS-RNTI one is provided to the UE
7.	During the subsequent new CG transmission phase, for the purpose of CG resource selection, UE re-evaluates the SSB for subsequent CG transmission.  FFS what happens if no SSBs are valid or if no sample is available
8.	From RAN2 perspective, at least the following parameters should be included in the CG-SDT configuration. FFS whether these parameters are common for multiple CG-SDT configurations or per CG-SDT configuration.
· The new TA timer in RRC_INACTIVE;
· The RSRP change threshold for TA validation mechanism in SDT (details dependent on RAN1);
· The SSB RSRP threshold for beam selection (i.e. UE selects the beam and associated CG resource for data transmission).


[bookmark: _Hlk54163088]
RAN2#116e meeting agreements:

	Agreements
1. The Rel-16 CG configuration mechanism in licensed band is reused the baseline for CG-SDT.
2. At least for initial transmission we will have a mechanism to allow the UE to transmit the message again.  FFS for retransmission for subsequent. 
3. The UE uses/selects the same HARQ process for retransmission 
4. The “CG-SDT timer” starts at the first “valid” PDCCH occasion from the end of the CG-SDT PUSCH transmission. The first “valid” PDCCH occasion is defined in RAN1
5. The “CG-SDT timer” can be started/restarted during for initial and subsequent transmissions
6. The UE restarts the “CG-SDT timer” at least:
· upon the PUSCH retransmission indicated by the CS-RNTI PDCCH
· after each CG-SDT transmission
7.	The “CG-SDT timer” stops at least:
· When the UE receives RRC feedback messages (e.g. RRCResume, RRCSetup, RRCRelease and RRCReject)
8.	The Rel-16 calculation on the HARQ process ID of the CG type-1 for licensed band is reused as the baseline for CG-SDT
9.	The UE is allowed to initiate subsequent UL data transmission only after the reception of confirmation of initial transmission from the gNB
10.	The UE can use multiple CG resources for the HARQ initial transmission as Rel-16 in the subsequent CG transmission phase
11.	The following CG-SDT configurations are per UE:
· The new TA timer in RRC_INACTIVE
· The RSRP change threshold for TA validation mechanism in SDT
· The SSB RSRP threshold for beam selection



Although the new TA timer for CG-SDT and basic rules for RA-SDT/CG-SDT fallback to RACH were agreed, there are some details which require further discussion in order to support the SDT better. This contribution mainly focuses on the TA maintenance in RRC_INACTIVE and the details of RA-SDT/CG-SDT fallback to RACH.
 
2. [bookmark: Proposal_Beacon]Discussion
TA maintenance in RRC_INACTIVE
A UE which is configured with CG-SDT resources can only use the configured grant resources if the UE has a valid TA value, i.e. valid uplink timing alignment. As seen from TS 38.133, up to and including NR Rel-16, a UE is required to maintain timing alignment for its UL transmission when it is in RRC_CONNECTED state; however UE is not required to maintain its uplink timing alignment in RRC_INACTIVE.

	[bookmark: _Toc29239834][bookmark: _Toc37296193][bookmark: _Toc46490319][bookmark: _Toc52752014][bookmark: _Toc52796476][bookmark: _Toc67931535]TS38.133 v16.8.0
[bookmark: _Toc535475928]7.1.1	Introduction

[bookmark: _Toc535475929]The UE shall have capability to follow the frame timing change of the reference cell in connected state. The uplink frame transmission takes place  before the reception of the first detected path (in time) of the corresponding downlink frame from the reference cell. For serving cell(s) in pTAG, UE shall use the SpCell as the reference cell for deriving the UE transmit timing for cells in the pTAG. For serving cell(s) in sTAG, UE shall use any of the activated SCells as the reference cell for deriving the UE transmit timing for the cells in the sTAG. UE initial transmit timing accuracy and gradual timing adjustment requirements are defined in the following requirements.
In the requirements of clause 7.1.2, the term reference cell on a carrier frequency subject to CCA is not available at the UE refers to when at least one SSB is configured by gNB, but the first two successive candidate SSB positions for the same SSB index within the discovery burst transmission window are not available during at least one discovery burst transmission window, at the UE due to DL CCA failures at gNB during the last 1280 ms; otherwise the reference cell on the carrier frequency subject to CCA is considered as available at the UE.



Up to Rel-17 it makes sense that UE is not required to maintain its uplink timing alignment in RRC_INACTIVE, since UE is not performing any uplink transmission except PRACH. However, with the introduction of SDT, it actually makes also sense that UE maintains its uplink timing alignment in RRC_INACTIVE, in particular for the case of CG-SDT. Since UE performs UL transmission, e.g. CG PUSCH, in RRC_INACTIVE without a prior random access, it is beneficial for the timing accuracy if UE maintains its uplink timing alignment also in RRC_INACTIVE when being configured with CG-SDT resources and a TAT timer for the purpose of CG-SDT transmission in RRC_INACTIVE, e.g. SDT-TAT timer and CG-SDT are configured within the RRCRelease message. Maintaining uplink timing alignment means that UE in RRC_INACTIVE (gradually) adjusts its uplink timing when there is a DL timing difference observed by the UE, e.g. UE autonomously adjusts its uplink timing in order to follow the DL timing reference. It is assumed that a UE in RRC_INACTIVE (configured for CG-SDT) has a NTA value, e.g. last or most-recent NTA value used in RRC_CONNECTED before being released to RRC_INACTIVE. The UE would store and maintain NTA when being released to RRC_INACTIVE. If the UE for example moves further towards the cell edge, the received downlink timing arrives at a certain amount of time later than the previous reference downlink timing. The UE may change the NTA to a NTA,adjusted accordingly based on the new downlink timing.
Proposal 1: RAN2 to discuss whether UE in RRC_INACTIVE configured with CG-SDT is required to maintain its uplink timing alignment as in RRC_CONNECTED, i.e. UE in RRC_INACTIVE (gradually) adjusts its uplink timing when there is a DL timing difference observed by the UE. 
CG-SDT Fallback to RACH
[bookmark: _Hlk92380941][bookmark: _Hlk92380969]Since using RA-SDT for cases when there are no SSBs available for subsequent CG-SDT transmissions was excluded, there is only the choice that UE triggers the legacy RACH when there is no SSB above the RSRP threshold for CG-SDT. There could be two potential ways to initiate the procedure. One possibility is that the PHY layer informs the MAC layer of no SSB above the RSRP threshold which is similar to the existing link recovery procedure in the PHY layer. Then, the MAC layer triggers the legacy RACH procedure, for example selects an SSB with SS-RSRP above rsrp-ThresholdSSB amongst the SSBs for non-SDT. Another possibility is that the PHY layer doesn’t inform the MAC layer, but triggers the legacy RACH procedure. Then, the RACH is not triggered by upper layer, e.g. RRC or MAC layer, but triggered by PHY layer once the PHY layer asserts no SSB above the RSRP threshold. Even though we think that MAC should trigger the RACH procedure as in the legacy, it would be good to clarify the detailed behaviour.
[bookmark: OLE_LINK14]Proposal 2: RAN2 to clarify whether PHY layer informs the MAC layer about the case that there is no SSB above the RSRP threshold.
[bookmark: OLE_LINK7]Once the fallback RACH is determined, it is not clear what should be included in the Msg3 or MsgA PUSCH although some of the arguments have been mentioned in the email discussion. Since it is the case of no SSB available for subsequent CG-SDT transmission, we can infer that the UL CCCH message has been already successfully through CG-SDT. Then, it is not necessary to include the UL CCCH message in the Msg3 or MsgA PUSCH of the fallback RACH procedure. Therefore, it should be clarified whether C-RNTI MAC CE and UL data can be transmitted in the Msg3 or MsgA PUSCH of the fallback RACH procedure.
[bookmark: OLE_LINK8]Proposal 3: RAN2 to clarify what should be included in the Msg3 or MsgA PUSCH when there are no SSBs available for subsequent CG-SDT transmissions and legacy RACH is performed, for example, the UL CCCH message, C-RNTI, UL data, etc. 
Lossless data transmission
According to the previous agreements, the data is buffered in the Msg3 or MsgA buffer once the UE selects the RACH based SDT. While there could be a potential case which makes the UE switch from the RACH based SDT to a legacy RACH procedure, e.g. Initial UL transmission (in msgA/Msg3/CG resources) fails configured number of times. Then the UE will initiate a legacy RACH procedure to resume the connection to the network.
If the grant of the same TBS is provided after fallback/switching to legacy RACH, and the data can be maintained, the data can be transmitted and rebuilding is not needed. However, according to the legacy RACH procedure, the Msg3 or MsgA buffer shall be flushed when the RACH procedure is initiated on a Serving Cell. Then the buffered data loss is led by the behavior of flushing Msg3 or MsgA buffer. Even if the grant of the same TBS can be provided after resuming to RRC_CONNECTED state, the data have been flushed.
Observation 1: Initiation of a RACH procedure leads to data loss when switching to non-SDT.
In order to avoid the data loss, some optimization may be needed, for example, the separate configuration of Msg3 or MsgA buffer for RACH based SDT, or the specific behavior is defined in the 3GPP specification, etc.
Proposal 4: The separate Msg3 or MsgA PUSCH buffer is configured for RACH based SDT to avoid the data loss when the UE switches from RACH based SDT to non-SDT based legacy RACH.

Handling of Bj during RRC_INACTIVE

RAN2 agreed in recent meetings that the token bucket mechanism, e.g. maintaining Bj per LCH etc., should be also applied during LCP procedure in a SDT session for RRC_INACTIVE UE. However, we think it should be further clarified whether UE should update/increase Bj while UE is in RRC_INACTIVE before initiating a SDT, i.e. increasing Bj for the time period between receiving RRCRelease message and initiation of a SDT session. The consequence would be that Bj would be most likely set to the maximum value, i.e. bucket size, for each logical channel when starting a SDT session, which kind of defeats the purpose of the token bucket mechanism. Furthermore, if UE keeps updating Bj value when it is in RRC_INACTIVE, i.e. not performing any SDT transmission, it is purely a waste of processing and does not add any value. In our view it is sufficient if UE stops any maintenance of Bj value when RRCRelease message is received and stops tracking the elapsed time since last increment.
It should be noted that RAN2 had a similar discussion for the partial MAC reset behaviour within the scope of the DCCA WI, i.e. [AT116bis-e][221][DCCA] MAC aspects. Here it was left FFS whether UE initializes Bj for each logical channel to zero upon SCG deactivation as a part of partial MAC reset. Should consider e.g. what to do with possible Bj increase while SCG is deactivated.

Proposal 5: RAN2 to discuss whether UE updates Bj between reception of a RRCRelease and initiation of a SDT session. 

3. Conclusion
In this contribution, the details on the TA maintenance in CG-SDT and RA-SDT/CG-SDT fallback to RACH are discussed, we have the following observation and proposals:
Observation 1: Initiation of a RACH procedure leads to data loss when switching to non-SDT.
Proposal 1: RAN2 to discuss whether UE in RRC_INACTIVE configured with CG-SDT is required to maintain its uplink timing alignment as in RRC_CONNECTED, i.e. UE in RRC_INACTIVE (gradually) adjusts its uplink timing when there is a DL timing difference observed by the UE.
Proposal 2: RAN2 to clarify whether PHY layer informs the MAC layer about the case that there is no SSB above the RSRP threshold.
Proposal 3: RAN2 to clarify what should be included in the Msg3 or MsgA PUSCH when there are no SSBs available for subsequent CG-SDT transmissions and legacy RACH is performed, for example, the UL CCCH message, C-RNTI, UL data, etc.
Proposal 4: The separate Msg3 or MsgA PUSCH buffer is configured for RACH based SDT to avoid the data loss when the UE switches from RACH based SDT to non-SDT based legacy RACH.
Proposal 5: RAN2 to discuss whether UE updates Bj between reception of a RRCRelease and initiation of a SDT session. 
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