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1. Introduction
[bookmark: Proposal_Pattern_Length]This document discusses the remaining open items related to fallback and failure handling for SDT mechanism. 
1. Discussion 
[bookmark: _Ref68093387]Initiation phase of SDT
The initiation of SDT mechanism is discussed in email discussions #501 and #504. However it is important to discuss all “fallback” scenarios focusing on initiation phase of a given SDT session, as shown in the flow diagram of Figure 1. Note that this figure does not address the fallbacks or failures scenarios after UE sends the 1st UL SDT (which are discussed in next section and is categorized as SDT session started or ongoing).


[bookmark: _Ref68055868]Figure 1. Flow diagram of the SDT initiation phase (without addressing fallback due to failure scenarios)
We focus below on topics that may not be clear or may require further clarification on top of the email discussions.
Our understanding is that majority of companies do not want to change cell re-selection mechanism due to the initiation phase of SDT operation, topic that is further discussed in next sections. This is shown in step (1) of Figure 1 where legacy operation is expected to select the UL carrier to operate. However, this point looked a little confusing to us when responding to the separate questions from the related email discussion (e.g. based on the steps described in section 2.5 of email discussion #501). This also addressed in [1] when discussing whether CG-SDT resources for NUL and SUL can be both allowed or not.
Proposal 1. [bookmark: _Toc68055793][bookmark: _Toc68123943][bookmark: _Toc68124670][bookmark: _Toc68184400][bookmark: _Toc68184530][bookmark: _Toc68202258][bookmark: _Toc68202278][bookmark: _Toc68202807][bookmark: _Toc68203298][bookmark: _Toc68203395][bookmark: _Toc68205963]Cell reselection is not impacted due to the initiation phase of SDT operation (i.e. UE selects UL carrier based on legacy operation).
For the data volume new threshold for SDT operation (part of step (3) of Figure 1), Q6 of email discussion #501discussed whether it is configured same or different for CG-SDT and RA-SDT. In addition, it is important to discuss how data volume is defined. It can refer to a maximum TBS size for SDT DRBs, an upper limit on the amount of data in the buffer that the UE initially can transmit (i.e. within the 1st UL message) or the total amount of data that the UE intends to transmit via SDT. In our view, this should be related to the amount of data in the buffer when SDT is first initiated by the UE. If the UE has more data than this new threshold, it can serve as an indication to gNB that UE should transition to RRC_CONNECTED or that sub-sequent UL SDT will occur. Moreover, RAN2 needs to also discuss whether L2 headers should be or not included as part of the volume calculation (which can be addressed during stage-3 discussion). We suggest following same approach as other legacy calculation of the data volume for BSR done in RLC and PDCP (which account headers when checking the size of the PDUs and does not when checking the size of the SDUs).
Proposal 2. [bookmark: _Toc68055794][bookmark: _Toc68123944][bookmark: _Toc68124671][bookmark: _Toc68184401][bookmark: _Toc68184531][bookmark: _Toc68202259][bookmark: _Toc68202279][bookmark: _Toc68202808][bookmark: _Toc68203299][bookmark: _Toc68203396][bookmark: _Toc68205964]The data volume new threshold is defined as an upper limit on the amount of data in the buffer (for SDT DRBs) during the initiation phase of SDT. The volume calculation accounts for the headers in the same way as legacy data volume calculations done for BSR.
For step (4) of Figure 1 refers the expected operation when CG-SDT configuration is not valid e.g. if TAT criteria is not met (which is discussed in more deep in companion contribution [1]) or if UE reselects to a different cell (which is discussed in future sections). For this step, UE only checks CG specific criteria (steps (5) and (6) of Figure 1) when has a CG-SDT valid configuration. Otherwise, UE would be allowed to access with RA-SDT, step (9) of Figure 1. This operation looks aligned to the following agreement in RAN2#113e.
· If CG-SDT resources are configured on the selected UL carrier and are valid, then CG-SDT is chosen.  Otherwise,
· If 2 step RA-SDT resources are configured on the UL carrier and criteria to select 2 step RA SDT is met, then 2 step RA-SDT is chosen
· else If 4 step RA-SDT resources are configured on the UL carrier and criteria to select 4 step RA SDT is met, then 4 step RA-SDT is chosen
· else UE does not perform SDT (i.e. perform non-SDT resume procedure) 
· If both 2 step RA-SDT and 4 step RA-SDT resources are configured on the UL carrier, RA type selection is performed based on RSRP threshold. 
FFS whether RSRP threshold for RA type selection is common or different for SDT and non SDT.
FFS what validity includes if we need to deal with CG resource availability delay?
[bookmark: _Toc68123945][bookmark: _Toc68124672][bookmark: _Toc68184453][bookmark: _Toc68184583]However, from the views provided in the email discussion #501 and #504, we understand that this should be clarified.  At the initiation phase of the SDT session (i.e. UE has not sent any 1st UL attempt yet), it is still confirmed RAN2 previous agreement that if “CG-SDT configuration is not valid”, UE is allowed to continue with RA-SDT (which would be still considered the 1st attempt). “CG-SDT configuration is not valid” refers to TA validation mechanism including TAT and RSRP delta threshold (further discussed below).
Steps (5) of Figure 1 refers to the other TA validation criteria of the RSRP change or delta as captured in the agreement:
“From RAN2 point of view, assume similar to PUR, that we introduce a TA validation mechanism for SDT based on RSRP change, i.e.  RSRP-based threshold(s) are configured.  Ask RAN1 to confirm.  FFS on how to handle CG configuration when TA expires or when is invalid due to RSRP threshold.  Details of the TA validation procedure can be further discussed.”
Email discussions #501 and #504 has addressed whether RSRP threshold is or not used for CG-SDT but this would be part of step (2) of Figure 1 understanding that companies want to use a common RSRP threshold for any SDT mechanism (CG or RA based). Therefore, RAN2 should still address the FFS on how to handle the scenario where RSRP delta is not met during the initiation phase. 
In addition, the CG-specific conditions that are also discussed on email discussion #501 (Q7-Q12) and email discussion #504 (Q12) seems to mix during the same discussion scenarios that might require different handling: 
Scenario A) Initiation phase of the SDT session (i.e. UE has not sent any 1st UL attempt)
Scenario B) Failure tx/rx during an ongoing SDT session (i.e. after sending 1st UL attempt via CG-SDT)
Scenario C) Failure due to CG-SDT specific triggers (i.e. conditions not met or configuration not valid) during an ongoing SDT session  (i.e. after sending 1st UL attempt via CG-SDT). 
We focus here only on scenario (A) (scenario (B) and (C) should better be discussed with all other failure/fallback scenarios happening during an ongoing SDT session discussed in next section). This CG-SDT related discussion is also addressed in the companion contribution [1].
For scenario (A) initiation phase of the SDT session (i.e. UE has not sent any 1st UL attempt), steps (5), (6) and (8) of Figure 1 are further discussed.
· Steps (5): if TA validation criteria of the RSRP delta threshold is not met, two options seems possible: option (1) UE cannot perform any kind of SDT transmission (CG nor RA), or option (2) UE is allowed to “fallback” as a continuation during the initiation phase with the RA-SDT mechanism. In our understanding this was the intention from previous RAN2 agreements (shown above). This handling should not be a problem in scenario (A) as UE has not done any attempt yet (i.e. UE has not sent any 1st UL attempt) and hence rebuilding of the MAC PDU should not be a concern, which is a topic also addressed in [2] [1].
· Step (6): companies views look aligned in the email discussion with related RAN2 agreement “A SS-RSRP threshold is configured for SSB selection. UE selects one of the SSB with SS-RSRP above the threshold and selects the associated CG resource for UL data transmission.” 
· Step (8): if the UE cannot select any SSB (i.e. none of the SSBs’ RSRP is above the RSRP threshold for beams selection for CG-SDT), Figure 1 shows two possible options: option (1) UE selects any SSB, or option (2) UE selects RA-SDT. In our understanding, there is no need to handle this differently as it is handled in other legacy MAC operations (e.g. for RACH), i.e. option (1). Note that this legacy operation was agreed as a catch-all case to ensure that the UE does not get stuck evaluating the criteria over and over and therefore, the same logic should apply here. As explained in previous point, it is also important to highlight than in scenario (A) UE has not done any attempt yet (i.e. UE has not sent any 1st UL attempt) and hence rebuilding of the MAC PDU should not be a concern, which is a topic also addressed in [2][1]. 
[bookmark: _Toc68055769][bookmark: _Toc68123973][bookmark: _Toc68124667][bookmark: _Toc68184454][bookmark: _Toc68184584][bookmark: _Toc68202255][bookmark: _Toc68202803][bookmark: _Toc68203295][bookmark: _Toc68203392][bookmark: _Toc68205984]At the initiation phase of the SDT session (i.e. UE has not sent any 1st UL attempt yet), if any of the CG-SDT specific conditions are not met/valid (i.e. TAT is not running or TA validation criteria of the RSRP delta threshold is not met), UE is allowed to fallback to RA-SDT (which would be still considered the 1st UL attempt). However, rebuilding of the MAC PDU should not be a concern (as rebuilding is not needed).  
[bookmark: _Toc68055795][bookmark: _Toc68123946][bookmark: _Toc68124673][bookmark: _Toc68184456][bookmark: _Toc68184586][bookmark: _Toc68202256][bookmark: _Toc68202804][bookmark: _Toc68203296][bookmark: _Toc68203393][bookmark: _Toc68205985]At the initiation phase of the SDT session (i.e. UE has not sent any 1st UL attempt yet), if none of the SSBs have an RSRP value above the rsrp-ThresholdSSB-CG-SDT, the UE selects any SSB to initiate CG-SDT (same as for legacy RA procedure).
Proposal 3. [bookmark: _Toc68184402][bookmark: _Toc68184532][bookmark: _Toc68202260][bookmark: _Toc68202280][bookmark: _Toc68202809][bookmark: _Toc68203300][bookmark: _Toc68203397][bookmark: _Toc68055796][bookmark: _Toc68123947][bookmark: _Toc68124674][bookmark: _Toc68205965]At the initiation phase of the SDT session (i.e. UE has not sent any 1st UL attempt yet), if CG-SDT configuration is not valid (i.e. TAT is not running or TA validation criteria of the RSRP delta threshold is not met), UE is allowed to fallback to RA-SDT (which would be still considered the 1st UL attempt).

Failure/fallback for SDT 
[bookmark: _Hlk67931484]The scenarios/handling for failure and fallback of SDT mechanism are discussed across different questions and email discussions, i.e. Q8-Q15 of #501, Q1-Q10 of #503 and Q11-Q13 of #504. This section aims to analysis all possible failure and fallback scenarios when UE initiates or has an ongoing SDT session, as well as, the corresponding UE behaviour. Figure 2 provides flow diagram that summarizes the key trigger events and associated SDT session handling and UE’s behaviour (due to CG-SDT and RA-SDT).


[bookmark: _Ref67926398]Figure 2. Key trigger events and associated SDT session handling and UE’s behaviour (due to CG-SDT and RA-SDT)
Table 1 summarizes the foreseen impacts on the ongoing SDT sessions, how UL data is handled and UE’s RRC state after being interrupted for the different trigger events discussed in Figure 2. Note that interrogations (??) are added to those items that may require further discussion (which are also addressed in the following sub-sections).
[bookmark: _Ref68056047]Table 1. Categorization of UL data upon interruption of the SDT session for the trigger events of Figure 2
	SDT session handling
	UL data handling
	Trigger events
	UE RRC state

	SDT session ends successful
	All data was transferred during SDT session
	(4) suspend connection w/ SDT config.
(5) suspend connection w/o SDT config.
(6) release connection
	(4) INACTIVE 
(5) INACTIVE 
(6) IDLE

	SDT session 
continues to RRC_ CONNECTED
	UL data continues being transferred (L2 continues w/o reset/re-establishment)
	(2) Fallback to resume
(7) Non-SDT data trigger
(9) Fallback from 2 to 4 step RA-SDT
	(2) CONNECTED
(7) CONNECTED
(9) INACTIVE

	CG-SDT session ??
	??
	(8) CG-SDT criteria for TAT or RSRP-delta threshold are not met
	(8) INACTIVE

	SDT session terminates
	??
	(1) Congestion (RRC Reject)
(3) Fallback to setup (new RRC connection is established)
	(1) INACTIVE
(3) CONNECTED


	SDT session failure
	??
	(10) T319’ expires
(11) T_CG-SDT expires
(12) Cell reselection
(13) Lower layers indication
	(10) INACTIVE
(11) ??
(12) ??
(13) INACTIVE 



Each of these rows are discussed in more detail below.
SDT session ends successful (scenarios 4, 5, 6)
	SDT session ends successful
	All data was transferred during SDT session
	(4) suspend connection w/ SDT config.
(5) suspend connection w/o SDT config.
(6) release connection
	(4) INACTIVE 
(5) INACTIVE 
(6) IDLE



A UE can receive RRCRelease msg. at any time during an ongoing SDT session to successfully end an ongoing SDT session. This RRCRelease msg would be ciphered and integrity protected with the security keys generated by the NCC provided in a previous RRCRelease msg. Three scenarios seem possible:
· Scenario (4) of Figure 2 represents when UE is allowed to continue using SDT feature i.e. UE stays in RRC_INACTIVE with a valid stored suspendConfig and SDT related configuration.
· Scenario (5) of Figure 2 represents when UE is not allowed or de-configured to continue using SDT feature i.e. UE stays in RRC_INACTIVE with a valid stored suspendConfig (but stored SDT related configuration is released).
· Scenario (6) of Figure 2 represents when UE is transition into RRC_IDLE, i.e. stored suspendConfig and SDT related configuration are both released.
Proposal 4. [bookmark: _Toc68055797][bookmark: _Toc68123948][bookmark: _Toc68124675][bookmark: _Toc68184403][bookmark: _Toc68184533][bookmark: _Toc68202261][bookmark: _Toc68202281][bookmark: _Toc68202810][bookmark: _Toc68203301][bookmark: _Toc68203398][bookmark: _Toc68205966]At any time during an SDT session, if UE receives RRCRelease msg., it triggers the successful end of the ongoing SDT session, and can also indicate either of the following scenarios: (a) UE stays in RRC_INACTIVE with a valid stored suspendConfig and SDT related configuration, (b) UE stays in RRC_INACTIVE with a valid stored suspendConfig (but stored SDT related configuration is released), and (c) UE is transition into RRC_IDLE (stored suspendConfig and SDT related configuration are both released).

 SDT session continues to RRC_CONNECTED
	SDT session continues to RRC_ CONNECTED

	UL data continues being transferred (L2 continues without reset/re-establishment)
	(2) Fallback to resume
(7) Non-SDT data trigger
(9) Fallback from 2 to 4 step RA-SDT
	(2) CONNECTED
(7) CONNECTED
(9) INACTIVE



Fallback to legacy resume (scenarios 2)
Scenario (2) of Figure 2 represents that UE receives RRCResume msg. This can happen at any time during the SDT session (i.e. initiation phase or during an ongoing SDT session) and previous unconfirmed UL data does not need to be resent unless network indicates otherwise.  This operation could allow the UE to start sending traffic belonging to DRBs configured for SDT and non-SDT upon resuming the RRC connection. Therefore, the fallback is done via RRCResume, and data continuity is guaranteed.  During a network-controlled fallback to Resume, the network should successfully process the UL data sent before sending RRCResume (e.g. in case of initiation of SDT session, this would refer to msg 3/A without loss). The NAS/AS interaction and the handling of non-SDT during an SDT session is discussed in deep details in this companion document [3].
Proposal 5. [bookmark: _Toc68055798][bookmark: _Toc68123949][bookmark: _Toc68124676][bookmark: _Toc68184404][bookmark: _Toc68184534][bookmark: _Toc68202262][bookmark: _Toc68202282][bookmark: _Toc68202811][bookmark: _Toc68203302][bookmark: _Toc68203399][bookmark: _Toc68205967]At any time during an SDT session, if UE receives RRCResume msg., UE follows legacy fallback to resume mechanism which guarantees the data continuity from the ongoing SDT session and the start of new traffic (e.g. non-SDT DRBs).
Proposal 5.1. [bookmark: _Toc68055799][bookmark: _Toc68123950][bookmark: _Toc68124677][bookmark: _Toc68184405][bookmark: _Toc68184535][bookmark: _Toc68202263][bookmark: _Toc68202283][bookmark: _Toc68202812][bookmark: _Toc68203303][bookmark: _Toc68203400][bookmark: _Toc68205968]When fallback to Resume is used, network ensures that the data received before triggering the fallback to resume is not lost (i.e. UE does not need to retransmit it) and data transfers can continue after UE is CONNECTED.

Non-SDT data trigger (scenarios 7) 
Scenario (7) of Figure 2 represents a trigger when non-SDT is triggered during an ongoing SDT session. Upon gNB receives this request or information from UE that indicates that there is non-SDT data in UE’s buffer, gNB could trigger a fallback to resume the RRC connection directly from the ongoing SDT session, i.e. SDT session continues after getting RRC_CONNECTED or UE aborts to initiate a fresh legacy Resume. The different options and their corresponding details are explained in [3].
Proposal 6. [bookmark: _Toc68055800][bookmark: _Toc68123951][bookmark: _Toc68124678][bookmark: _Toc68184406][bookmark: _Toc68184536][bookmark: _Toc68202264][bookmark: _Toc68202284][bookmark: _Toc68202813][bookmark: _Toc68203304][bookmark: _Toc68203401][bookmark: _Toc68205969]At any time of an ongoing SDT session, UE can inform gNB when non-SDT is available and it is left up to network the decision on whether/when to fallback to legacy resume.
Proposal 6.1. [bookmark: _Toc68055801][bookmark: _Toc68123952][bookmark: _Toc68124679][bookmark: _Toc68184407][bookmark: _Toc68184537][bookmark: _Toc68202265][bookmark: _Toc68202285][bookmark: _Toc68202814][bookmark: _Toc68203305][bookmark: _Toc68203402][bookmark: _Toc68205970]When fallback to Resume is used due to non-SDT trigger, network ensures that the data received before triggering the fallback to resume is not lost (i.e. UE does not need to retransmit it) and SDT session can continue after UE is CONNECTED.

Fallback from 2-step to 4-step RA-SDT (scenarios 9)
Scenario (9) of Figure 2 address the fallback from 2-step RA-SDT to 4-step RA-SDT. In general, legacy 2-step and 4-step RACH failures scenarios/handling of MAC would be applicable without any special handling. However it might be important to address the following cases:
Fallback from 2-step RACH SDT to 4-step RACH SDT. RA-SDT mechanism should support the same kind of fallback mechanism as legacy from 2-step RACH to 4 step RACH.
Note that failures related to the ongoing phase of the SDT session are not discussed here as the triggers are covered within the other sub-sections (which are not specific to CG-SDT or RA-SDT specific operation).
Proposal 7. [bookmark: _Toc68055802][bookmark: _Toc68123953][bookmark: _Toc68124680][bookmark: _Toc68184408][bookmark: _Toc68184538][bookmark: _Toc68202266][bookmark: _Toc68202286][bookmark: _Toc68202815][bookmark: _Toc68203306][bookmark: _Toc68203403][bookmark: _Toc68205971]2-step RA-SDT and 4-step RA-SDT behaves as legacy RACH including e.g. same failure scenarios and handling of MAC and same fallback from 2-step RA-SDT to 4-step RA-SDT.

CG-SDT session FFS
	CG-SDT session ??
	??
	[bookmark: _Hlk68198007](8) CG-SDT criteria for TAT or RSRP-delta threshold are not met
	(8) INACTIVE



CG-SDT criteria for TAT or RSRP-delta threshold are not met (scenario 8)
Scenario (8) of Figure 2 represents an specified a failure for CG-SDT after starting the 1st UL SDT transmission (i.e. SDT session is ongoing). Note that the discussion for these criteria during the initiation phase is covered as part of previous section 2.1. Moreover, CG-specific topics are discussed in more detailed in [1].
If the TA timer expires or is not running, the UE shall release the CG-SDT configuration (as previously agreed in RAN2). To understand the UE expected behaviour, possible cases of the ongoing CG-SDT session are discussed below: 
Case 1. UE had sent UL SDT and is monitoring PDCCH for corresponding (N)ACK, i.e. UE has not acknowledged data in its buffer. 
Case 2. UE is waiting for a future DG/CG to send further UL SDT.
For both cases (1) and (2), UE could continue with the SDT session however as CG-SDT configuration is released, any new/future tx/rx would depend on DG. Therefore, upon failure of TAT expiry UE does not trigger any change of SDT ongoing session and relies on other triggers discussed in this document while monitoring for the follow up (N)ACK for case (1) or UL grant for case (2).
If the criterion for RSRP-delta is not met, UE keeps stored CG-SDT configuration (although is considered as not valid) as discussed in previous section. Same cases and behaviours as explained for TAT timer expiry would also apply here as even though the CG-SDT configuration is not released, it is considered invalid from UE point of view. 
Proposal 8. [bookmark: _Toc68184409][bookmark: _Toc68184539][bookmark: _Toc68202267][bookmark: _Toc68202287][bookmark: _Toc68202816][bookmark: _Toc68203307][bookmark: _Toc68203404][bookmark: _Toc68205972]At any time of an ongoing SDT session, if TAT  expires (or is not running) or TA criterion for RSRP-delta threshold is not met, the SDT session can continue via DG (understanding that CG-SDT configuration is released upon TAT expiry and is considered invalid upon TA criterion for RSRP-delta threshold is not met). 

SDT session terminates
	SDT session terminates
	??
	(1) Congestion (RRC Reject)
(3) Fallback to setup (new RRC connection is established)
	(1) INACTIVE
(3) CONNECTED




These can happen only at the beginning of the SDT session as soon as the network receives a ResumeRequest with SDT data.  SDT session is considered as terminated when network controls the end of the SDT session or the specified conditions to initiate CG-SDT are invalid. For all of these cases, next attempt would be considered as a new attempt. Therefore, for the UL Data handling when SDT session terminates, the gNB is not aware of the actual data that was sent (or wanted to be sent) in UE’s 1st UL SDT. Therefore, it would be up to UE control to handle the retransmission of the data. 
Proposal 9. [bookmark: _Toc68202817][bookmark: _Toc68203308][bookmark: _Toc68203405][bookmark: _Toc68055803][bookmark: _Toc68123954][bookmark: _Toc68124681][bookmark: _Toc68184410][bookmark: _Toc68184540][bookmark: _Toc68202268][bookmark: _Toc68202288][bookmark: _Toc68205973]gNB can only send RRCSetup at the beginning of the SDT session after the gNB receives a ResumeRequest with SDT data (i.e. fallback to setup).
Proposal 10. [bookmark: _Toc68202818][bookmark: _Toc68203309][bookmark: _Toc68203406][bookmark: _Toc68205974]Upon UE detects an “SDT session termination” (for congestion, and fallback to setup), it is up to UE to handle any retransmission of the not acknowledge data.
Different ways are possible on how to specify the retransmission of the data:
Option a) Leave the failure handling up to UE implementation. 
LTE PUR handles similar scenarios with the following note added in TS 36.331 upon PUR fallback or PUR failure “NOTE: For transmission using PUR, further UE actions upon reception of PUR fallback or PUR failure indication from lower layers (see TS 36.321 [6]) is left up to implementation”. Same handling could apply here with the difference that in LTE UE had only sent one packet vs here a UE may have sent multiple packets before the failure scenario happens.
Option b) Specification defines UE’s behavior. 
The specification defines UE behaviour to guarantee the data continuity by having the UE to retransmit all the not-confirmed data after its failure. 
Both options are feasible, and this could be discussed after the design further progresses.

Congestion trigger (scenarios (1))
Scenario (1) of Figure 2 shows that UE receives RRCReject msg. This can only happen during initiation phase (i.e. after UE sends RRCResumeRequest msg. with the 1st UL SDT), and it is driven by the gNB handling congestion. Legacy handling applies, i.e. UE goes back into legacy RRC_INACTIVE (keeping same stored UE AS Context) but UE shall consider its previous 1st UL SDT as not successful. Therefore, the SDT session should be treated as “SDT session failure”, which would be handled as discussed above.
Proposal 11. [bookmark: _Toc68055804][bookmark: _Toc68123955][bookmark: _Toc68124682][bookmark: _Toc68184411][bookmark: _Toc68184541][bookmark: _Toc68202269][bookmark: _Toc68202289][bookmark: _Toc68202819][bookmark: _Toc68203310][bookmark: _Toc68203407][bookmark: _Toc68205975]Upon starting the SDT session (i.e. upon UE sends RRCResumeRequest msg. with the 1st UL SDT), if UE receives RRCReject msg., UE follows legacy reject handling, but also triggers the “SDT session termination”.

Fallback to legacy setup (scenarios (3))
Scenario (3) of Figure 2 represents that UE receives RRCSetup msg. This can only occur during the initiation phase of the SDT session (e.g. in case gNB cannot locate UE AS Context or was corrupted for any reason). Enabling this mechanism during an ongoing SDT session seems a corner case and would add complexity due to the data failure handling required. For this Scenario (3), the SDT session should be treated as “SDT session failure”, which would be handled as discussed above.  During a network-controlled fallback to Setup, the UE has to prevent data loss by re-transmitting the data after the new connection setup.
Proposal 12. [bookmark: _Toc68055805][bookmark: _Toc68123956][bookmark: _Toc68124683][bookmark: _Toc68184412][bookmark: _Toc68184542][bookmark: _Toc68202270][bookmark: _Toc68202290][bookmark: _Toc68202820][bookmark: _Toc68203311][bookmark: _Toc68203408][bookmark: _Toc68205976]At the initiation of an SDT session (i.e. after UE sends RRCResumeRequest msg. with the 1st UL SDT), if UE receives RRCSetup msg., UE follows legacy fallback mechanism to setup a new RRC connection but also triggers the “SDT session termination”.

SDT session failure
	SDT session failure
	??
	(10) T319’ expires
(11) T_CG-SDT expires
(12) Cell reselection
(13) Lower layers indication
	(10) INACTIVE
(11) ??
(12) ??
(13) INACTIVE 



SDT session is considered a failure when the SDT session terminates abruptly leaving data packets not sent or even not acknowledge by the network (i.e. network does not control this termination of the SDT session). 
RAN2 agreed that UE and network may transfer more than one data packet in the UL and DL during an SDT session.  This can be quite useful as the size of data field in msg 3 may be limited.  It also allows the data to be segmented as sent over multiple TBs if the PDCP SDU size is too large to fit in one TB.  
This then also increases the overall duration of an SDT session compared to a legacy resume procedure (limited by legacy T319).  UE is also likely to perform many SDT transfers.  Therefore, SDT session failure may happens as we discussed in next sections e.g. due to cell reselection during an SDT session.
Possible ways for a UE to handle the SDT session failure:
Option 1) Upon triggering SDT session failure, the UE autonomously transitions into RRC_IDLE.
Option 2) Upon triggering SDT session failure, the UE continues into RRC_INACTIVE.
For option (1), on transitioning to RRC_IDLE, the UE context stored in gNB is released and any DL data in the gNB is also cleared.  If the UE is allowed to go RRC_IDLE during an SDT transfer, any DL data could be lost without any possibility of recovery or retransmission.  In addition, for the UL data after transition to RRC_IDLE, UE could repeat data PDCP SDUs in the UL that have not been acknowledged.   However, it is possible that the network may have already received the data packet over the previous SDT session, but the acknowledgement was not received by the UE.  As the PDCP SN for the data is not maintained in the network and UE when UE goes to RRC_IDLE, it is possible that a UE implementation based UL retransmission will result in duplication of the data.  Therefore option (2) might be more suitable to prevent data loss and duplication after triggering a failure during an ongoing SDT session.
[bookmark: _Toc68055770][bookmark: _Toc68123974][bookmark: _Toc68124668][bookmark: _Toc68184457][bookmark: _Toc68184587][bookmark: _Toc68202257][bookmark: _Toc68202805][bookmark: _Toc68203297][bookmark: _Toc68203394][bookmark: _Toc68205986]Upon triggering “SDT session failure”, if the UE autonomously transitions into RRC_IDLE, data could be lost or duplicated and this could happen frequently with SDT expected operation.  
Proposal 13. [bookmark: _Toc68055807][bookmark: _Toc68123957][bookmark: _Toc68124684][bookmark: _Toc68184413][bookmark: _Toc68184543][bookmark: _Toc68202271][bookmark: _Toc68202291][bookmark: _Toc68202821][bookmark: _Toc68203312][bookmark: _Toc68203409][bookmark: _Toc68205977]Upon triggering “SDT session failure”, UE continues in RRC_INACTIVE (keeping the stored SDT configuration) aiming to prevent data loss and duplication during an ongoing SDT session.
For the UL Data handling when SDT session fails: the triggering of related scenarios is not under network controlled. Therefore, any retransmission of the not acknowledge data should be up to UE control aiming to prevent data loss and duplication after triggering a failure during an ongoing SDT session
Proposal 14. [bookmark: _Toc68055808][bookmark: _Toc68123958][bookmark: _Toc68124685][bookmark: _Toc68184414][bookmark: _Toc68184544][bookmark: _Toc68202272][bookmark: _Toc68202292][bookmark: _Toc68202822][bookmark: _Toc68203313][bookmark: _Toc68203410][bookmark: _Toc68205978]Upon UE detects an “SDT session failure”, it is up to UE to handle the any retransmission of the not acknowledge data.
The different ways possible on how to specify the retransmission of the data previously discussed for the “SDT session termination” would also be applicable here.
[bookmark: _Ref68123010]SDT failure detection timers: T319’ and T_CG-SDT (scenarios (10) & (11))
This section discusses the failure detection timers involved in SDT operation considering the related timers also discussed on email discussions #501 (i.e. T319’) and #504 (i.e. T_CG-SDT). In both cases, the motivation is that the UE does not keep trying to send data or monitor PDCCH unnecessarily e.g. in case gNB had sent RRCRelease and UE had not received it. 
Figure 2 depicts their related events in Scenario (10) for T319’ expiry and Scenario (11) for T_CG-SDT expiry. In this discussion, we understand that two flavours of T319’ needs to be considered as there are different suggestions on how this timer works on email discussion #501. Table 2 summarizes our understanding on the different timers being considered and Figure 3 provides exemplary scenarios for RA-SDT and CG-SDT (assuming subsequent via DG vs DG/CG) in relation to those possible SDT detection timer under discussion.
[bookmark: _Ref68182758]Table 2. SDT detection timer
	Scenario in Fig.2
	Timer
	Start condition
	Stop trigger/action
	Action upon expiry

	(10)
option a)
	T319’-a
	Starts only at initiation of an SDT session (upon sending RRCResumeRequest msg)
	Stops at the end of SDT session (upon reception of RRCRelease msg)
	SDT session failure

	(10)
option b)
	T319’-b
	(Re)starts with every DG/CG tx/rx during an given SDT session
	Stops at the end of SDT session (upon reception of RRCRelease msg)
	SDT session failure

	(11)
	T_CG-SDT
	(Re)starts with every CG tx during an given SDT session
	Reception of (N)ACK
	SDT session failure





[bookmark: _Ref68182907]Figure 3. Exemplary SDT detection timer operation for RA-SDT and CG-SDT (with subsequent via DG vsDG/CG)
Scenario (10) of Figure 2: T319’-a would need to have a range of values that allow the exchange of multiple DL/UL SDT during a given SDT session. T319’-b would allow the UE to detect earlier failure of data transmission than T319’-a as associated timer most likely would have a shorter value. New interaction required between RRC and lower layers would be required as this T319’-b timer would need to be handled by lower layers. 
Scenario (11) of Figure 2: for CG-SDT operation, a timer (here referred as T_CG-SDT) is under discussion to monitor for the PDCCH after sending UL data in a given CG occasion. Further details are explained in CG-SDT companion contribution [1]. 
It was claimed that some of these timers (e.g. T319’-b or T_CG-SDT) can be similar to pur-ResponseWindowSize for LTE PUR mechanism. However PUR operation would not be the same as NR because SDT allows exchange of multiple UL/DL data (vs LTE that only allows one UL/DL transmissions) followed by an RRC Release message. 
Moreover when UE has an ongoing CG-SDT session, the question is regarding UE behaviour in relation to this new T_CG-SDT timer. The following cases are possible: case (1) UE had sent UL SDT and is monitoring PDCCH for corresponding (N)ACK, i.e. UE has not acknowledged data in its buffer, or case (2) UE is waiting for a future DG/CG to send further UL SDT. The exact behaviour may also dependent on factors such as, the periodicity and availability of CG resources, the latency requirement associated with the SDT and the actual value of SDT detection timer. 
On other hand, we understand that the right configuration could be decided by network implementation. For example, subsequent UL SDT via CG would require gNB to configure the CG periodicity is shorter than this T_CG-SDT timer. Therefore, by relying on network configuration, no special handling may be required for CG-SDT operation.
On summary, considering the operation explained above, Table 2 and Figure 3, we conclude that a single SDT detection timer could be sufficient to cover the different cases if T319’-b were used (for both RA-SDT or CG-SDT). 
Proposal 15. [bookmark: _Toc68184415][bookmark: _Toc68184545][bookmark: _Toc68202273][bookmark: _Toc68202293][bookmark: _Toc68202823][bookmark: _Toc68203314][bookmark: _Toc68203411][bookmark: _Toc68205979]A single SDT failure detection timer (here referred as T319’-b) is used for RA-SDT and CG-SDT. T319’-b (re)starts with every DG/CG tx/rx during a given SDT session, stops only at the end of SDT session (i.e. upon reception of RRCRelease msg) and upon expiry, UE triggers “SDT session failure”
Proposal 16. [bookmark: _Toc68184416][bookmark: _Toc68184546][bookmark: _Toc68184417][bookmark: _Toc68184547][bookmark: _Toc68184418][bookmark: _Toc68184548][bookmark: _Toc68184419][bookmark: _Toc68184549][bookmark: _Toc68184420][bookmark: _Toc68184550][bookmark: _Toc68184421][bookmark: _Toc68184551][bookmark: _Toc68184422][bookmark: _Toc68184552][bookmark: _Toc68184423][bookmark: _Toc68184553][bookmark: _Toc68184424][bookmark: _Toc68184554][bookmark: _Toc68184425][bookmark: _Toc68184555][bookmark: _Toc68184426][bookmark: _Toc68184556][bookmark: _Toc68184427][bookmark: _Toc68184557][bookmark: _Toc68184448][bookmark: _Toc68184578][bookmark: _Toc68184449][bookmark: _Toc68184579][bookmark: _Toc68202274][bookmark: _Toc68202294][bookmark: _Toc68202824][bookmark: _Toc68203315][bookmark: _Toc68203412][bookmark: _Toc68205980]For an CG-SDT session, it is up to network implementation to provide a CG-SDT configuration that allows the desirable behaviour (e.g. for subsequent UL SDT via CG, the CG periodicity is shorter than T319’-b). 

Cell reselection (scenarios 12)
Scenario (12) of Figure 2 represent a cell reselection at any time of the ongoing SDT session. When reselecting a different cell, CG-SDT shall always be released autonomously by UE (as this feature is limited to the cell where it was previously RRC_CONNECTED and the UE AS Context is stored). Said that, the following options are possible:
Option a) UE continues in RRC_INACTIVE keeping the valid stored UE AS Context (including the RA-SDT config) except the CG-SDT configuration that is autonomously released by the UE.
Option b) UE continues in RRC_INACTIVE keeping the stored UE AS Context except for CG-SDT config. and RA-SDT config that are both autonomously released by the UE.
Option c) UE autonomously transition into RRC_IDLE (releasing the stored UE AS Context). 
Option (a) allows the UE to continue using RA-SDT configuration in the new cell, understanding that UE could start a new SDT session or a new legacy resume in the new reselected cell to continue with its data transmission. Option (b) is similar to (a) although UE would only be allowed continuing its data transmission with a legacy resume (i.e. getting back RRC_CONNECTED). However, option (c) would not allowed the data continuity of the previous ongoing SDT session as by transitioning the UE into RRC_IDLE, this would require the UE to start a new RRC connection the next time (i.e. the stored UE AS context would not be relocated and previous packet sent on the SDT session that failed would be fully lost). Moreover, it is always preferable minimize the cases when UE autonomously is allowed to change its RRC state from RRC_INACTIVE to RRC_IDLE to minimize scenarios where UE and gNB are un-synchronized.
Therefore, our preference is keeping the UE in RRC_INACTIVE while maintaining the stored RA-SDT configuration. In addition, the ongoing SDT session should be treated as “SDT session failure”, which would be handled as discussed above.
Proposal 17. [bookmark: _Toc68055811][bookmark: _Toc68123961][bookmark: _Toc68124688][bookmark: _Toc68184450][bookmark: _Toc68184580][bookmark: _Toc68202275][bookmark: _Toc68202295][bookmark: _Toc68202825][bookmark: _Toc68203316][bookmark: _Toc68203413][bookmark: _Toc68205981]Cell reselection during an SDT session follows legacy mechanism for a UE in RRC_INACTIVE.
Proposal 18. [bookmark: _Toc68055812][bookmark: _Toc68123962][bookmark: _Toc68124689][bookmark: _Toc68184451][bookmark: _Toc68184581][bookmark: _Toc68202276][bookmark: _Toc68202296][bookmark: _Toc68202826][bookmark: _Toc68203317][bookmark: _Toc68203414][bookmark: _Toc68205982]At any time of an ongoing SDT session, cell reselection to a new cell triggers an “SDT session failure” but UE stays in RRC_INACTIVE keeping the valid stored UE AS Context (including the RA-SDT configuration) except the CG-SDT configuration that is autonomously released by the UE.
Lower Layer trigger (scenarios 13)
Scenario (13) of Figure 2 represent possible scenarios in which UE receives indication from lower layers of some form of failure. We suggest waiting for RAN1 and RAN2 to further progress in the end to end SDT solution before discussing these possible triggers.
Proposal 19. [bookmark: _Toc68055813][bookmark: _Toc68123963][bookmark: _Toc68124690][bookmark: _Toc68184452][bookmark: _Toc68184582][bookmark: _Toc68202277][bookmark: _Toc68202297][bookmark: _Toc68202827][bookmark: _Toc68203318][bookmark: _Toc68203415][bookmark: _Toc68205983]RAN2 assumes that at any time of an ongoing SDT session, lower layers may trigger an SDT session failure. Details FFS until RAN1 and RAN2 further progresses on SDT solution.
[bookmark: _Toc68055806]

1. Conclusion
The observations captured are the following:
Observation 1.	At the initiation phase of the SDT session (i.e. UE has not sent any 1st UL attempt yet), if any of the CG-SDT specific conditions are not met/valid (i.e. TAT is not running or TA validation criteria of the RSRP delta threshold is not met), UE is allowed to fallback to RA-SDT (which would be still considered the 1st UL attempt). However, rebuilding of the MAC PDU should not be a concern (as rebuilding is not needed).
Observation 2.	At the initiation phase of the SDT session (i.e. UE has not sent any 1st UL attempt yet), if none of the SSBs have an RSRP value above the rsrp-ThresholdSSB-CG-SDT, the UE selects any SSB to initiate CG-SDT (same as for legacy RA procedure).
Observation 3.	Upon triggering “SDT session failure”, if the UE autonomously transitions into RRC_IDLE, data could be lost or duplicated and this could happen frequently with SDT expected operation.
The proposals captured are the following:
Proposal 1.	Cell reselection is not impacted due to the initiation phase of SDT operation (i.e. UE selects UL carrier based on legacy operation).
Proposal 2.	The data volume new threshold is defined as an upper limit on the amount of data in the buffer (for SDT DRBs) during the initiation phase of SDT. The volume calculation accounts for the headers in the same way as legacy data volume calculations done for BSR.
Proposal 3.	At the initiation phase of the SDT session (i.e. UE has not sent any 1st UL attempt yet), if CG-SDT configuration is not valid (i.e. TAT is not running or TA validation criteria of the RSRP delta threshold is not met), UE is allowed to fallback to RA-SDT (which would be still considered the 1st UL attempt).
Proposal 4.	At any time during an SDT session, if UE receives RRCRelease msg., it triggers the successful end of the ongoing SDT session, and can also indicate either of the following scenarios: (a) UE stays in RRC_INACTIVE with a valid stored suspendConfig and SDT related configuration, (b) UE stays in RRC_INACTIVE with a valid stored suspendConfig (but stored SDT related configuration is released), and (c) UE is transition into RRC_IDLE (stored suspendConfig and SDT related configuration are both released).
Proposal 5.	At any time during an SDT session, if UE receives RRCResume msg., UE follows legacy fallback to resume mechanism which guarantees the data continuity from the ongoing SDT session and the start of new traffic (e.g. non-SDT DRBs).
Proposal 5.1.	When fallback to Resume is used, network ensures that the data received before triggering the fallback to resume is not lost (i.e. UE does not need to retransmit it) and data transfers can continue after UE is CONNECTED.
Proposal 6.	At any time of an ongoing SDT session, UE can inform gNB when non-SDT is available and it is left up to network the decision on whether/when to fallback to legacy resume.
Proposal 6.1.	When fallback to Resume is used due to non-SDT trigger, network ensures that the data received before triggering the fallback to resume is not lost (i.e. UE does not need to retransmit it) and SDT session can continue after UE is CONNECTED.
Proposal 7.	2-step RA-SDT and 4-step RA-SDT behaves as legacy RACH including e.g. same failure scenarios and handling of MAC and same fallback from 2-step RA-SDT to 4-step RA-SDT.
Proposal 8.	At any time of an ongoing SDT session, if TAT  expires (or is not running) or TA criterion for RSRP-delta threshold is not met, the SDT session can continue via DG (understanding that CG-SDT configuration is released upon TAT expiry and is considered invalid upon TA criterion for RSRP-delta threshold is not met).
Proposal 9.	gNB can only send RRCSetup at the beginning of the SDT session after the gNB receives a ResumeRequest with SDT data (i.e. fallback to setup).
Proposal 10.	Upon UE detects an “SDT session termination” (for congestion, and fallback to setup), it is up to UE to handle any retransmission of the not acknowledge data.
Proposal 11.	Upon starting the SDT session (i.e. upon UE sends RRCResumeRequest msg. with the 1st UL SDT), if UE receives RRCReject msg., UE follows legacy reject handling, but also triggers the “SDT session termination”.
Proposal 12.	At the initiation of an SDT session (i.e. after UE sends RRCResumeRequest msg. with the 1st UL SDT), if UE receives RRCSetup msg., UE follows legacy fallback mechanism to setup a new RRC connection but also triggers the “SDT session termination”.
Proposal 13.	Upon triggering “SDT session failure”, UE continues in RRC_INACTIVE (keeping the stored SDT configuration) aiming to prevent data loss and duplication during an ongoing SDT session.
Proposal 14.	Upon UE detects an “SDT session failure”, it is up to UE to handle the any retransmission of the not acknowledge data.
Proposal 15.	A single SDT failure detection timer (here referred as T319’-b) is used for RA-SDT and CG-SDT. T319’-b (re)starts with every DG/CG tx/rx during a given SDT session, stops only at the end of SDT session (i.e. upon reception of RRCRelease msg) and upon expiry, UE triggers “SDT session failure”
Proposal 16.	For an CG-SDT session, it is up to network implementation to provide a CG-SDT configuration that allows the desirable behaviour (e.g. for subsequent UL SDT via CG, the CG periodicity is shorter than T319’-b).
Proposal 17.	Cell reselection during an SDT session follows legacy mechanism for a UE in RRC_INACTIVE.
Proposal 18.	At any time of an ongoing SDT session, cell reselection to a new cell triggers an “SDT session failure” but UE stays in RRC_INACTIVE keeping the valid stored UE AS Context (including the RA-SDT configuration) except the CG-SDT configuration that is autonomously released by the UE.
Proposal 19.	RAN2 assumes that at any time of an ongoing SDT session, lower layers may trigger an SDT session failure. Details FFS until RAN1 and RAN2 further progresses on SDT solution.
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