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1. Introduction
[bookmark: Proposal_Pattern_Length]This document discusses remaining topics related to signalling and NAS-AS interaction for SDT. This includes NAS/AS interaction during an SDT session (identifying related topics to get CT1 and SA2 input), handling of arrival of new data in non-SDT DRBs during an SDT session, security open question for SDT operation, bearer handling, PDCP reestablishment, delta signaling for SDT configuration, SDT configuration signaling, UE behaviour during an SDT session, as well as, RRC and MAC CE signaling allowed during an SDT session.
1. Discussion
NAS/AS interaction for SDT
Legacy operation
Firstly, we suggest reviewing the legacy AS/NAS interaction and handling during the suspend or resumption of an RRC connection for a UE connected to NR/5GC. When the UE receives an RRC Release message with suspend configuration, UE AS goes into RRC_INACTIVE state.  AS indicates to the NAS that RRC connection has been suspended.  This triggers the NAS into 5GMM-CONNECTED with RRC INACTIVE indication with lower layers are suspended state, as shown below in the reference from TS 24.501.  
“The UE shall transition from 5GMM-CONNECTED mode over 3GPP access to 5GMM-CONNECTED mode with RRC inactive indication upon receiving an indication from the lower layers that the RRC connection has been suspended. 
NOTE 0:  Any pending procedure or uplink data packet when receiving an indication from the lower layers that the RRC connection has been suspended, triggers a request to the lower layers to transition to RRC_CONNECTED state. This is also the case when the pending procedure or uplink data packet triggered a previous request to the lower layers to transition to RRC_CONNECTED state.”
[bookmark: _Toc68054638][bookmark: _Toc68055251][bookmark: _Toc68204599][bookmark: _Toc68204860][bookmark: _Toc68205704]For legacy NR/5GC operation, NAS considers UE lower layers as suspended while UE is in RRC_INACTIVE (referred as “5GMM-CONNECTED mode with RRC INACTIVE indication” in NAS spec). 
The data handling between NAS and AS while in “5GMM-CONNECTED mode with RRC INACTIVE indication” and lower layers are suspended is not well specified. 
On new UL data arrival while NAS is in 5GMM-CONNECTED mode with RRC INACTIVE indication, NAS sends a trigger to the AS to transition to RRC_CONNECTED state with the RRC establishment cause value and UAC parameters.  On receipt of the RRC Resume message, the AS goes into RRC_CONNECTED state and provides an RRC connected indication to the NAS.  This triggers the UE NAS to also move to 5GMM-CONNECTED mode.
Another relevant aspect is that, in NR/5GC, NAS is not aware of DRBs as DRB is purely an AS concept.  NAS only deals with PDU sessions, as shown below in the reference from TS 24.501.  
“PDU session with suspended user-plane resources: A PDU session for which user-plane resources were established or re-established, and for which data radio bearers were suspended when transition to 5GMM-CONNECTED mode with RRC inactive indication.”
Hence legacy NAS has no concept of SDT DRB or non-SDT DRB.  Data for an SDT DRB can only be identified after SDAP processing in AS.  So it is not possible to easily update the model to indicate the resumption of the SDT DRBs to NAS.   Hence with legacy NAS/AS framework, NAS cannot identify traffic on non-SDT DRBs nor perform any action such as triggering another ResumeRequest based on data arrival for non-SDT DRB.
[bookmark: _Toc68054639][bookmark: _Toc68055252][bookmark: _Toc68204600][bookmark: _Toc68204861][bookmark: _Toc68205705]NAS is not aware of DRBs and cannot identify data for non-SDT DRB (or even SDT DRB) irrespective of whether the DRB is resumed or not.  Nor can it trigger any action based on data arrival for non-SDT DRB.  

NAS/AS interaction during SDT
RAN2 agreed that “SDT is transparent to NAS layer (i.e. NAS generates one of the existing resume causes and AS decides SDT vs non-SDT access)”, however this may need to be reconsidered based on the points explained above.
During an SDT session, the UE AS remains in RRC_INACTIVE, but the NAS/AS interaction needs to also be discussed e.g. the applicable NAS state and whether the lower layers are still considered suspended during SDT session is unclear (at least from NAS perspective).    For SDT operation, UL data has to be delivered to AS immediately on data arrival while UE is in RRC_INACTIVE such that initial UL data can be sent multiplexed with ResumeRequest msg.
As NAS is not aware of DRB or SDT-DRB, for SDT operation, the decision of whether data is for SDT DRB or non-SDT DRB has to be taken by the AS. Since data on a DRB can only be identified after SDAP, this further implies that all data (both for SDT DRB and non-SDT DRB, whether resumed or not) must be processed by SDAP in AS.  This will have to be done at the beginning of an SDT session and during an ongoing SDT session. 
As discussed above, since NAS considers the lower layers as suspended during SDT, it is unclear from the current NAS spec model whether all data (both for SDT DRB and non-SDT DRB) will even arrive to AS and can be processed by the AS during SDT session.  
After SDT data transfer is started and ongoing, UE AS remains in RRC_INACTIVE.  But UL Data should continue to be delivered to and processed by the AS.  The NAS state during this data transfer is unclear and whether any indication is needed from AS to NAS during SDT.   
[bookmark: _Toc68054640][bookmark: _Toc68055253][bookmark: _Toc68204601][bookmark: _Toc68204862][bookmark: _Toc68205706]For SDT operation, UL data has to be delivered to AS immediately on data arrival while UE is in RRC_INACTIVE such that data can start being sent with ResumeRequest. UE AS is also required to determine whether the data is for SDT or non-SDT DRBs; this has to be done at the beginning of the SDT session and during an ongoing SDT session.
At the end of an SDT session, it might be sufficient to reuse the legacy NAS to AS indication of “RRC connection has been suspended”.
Further, there may be occasions where the data has to be re-sent in another SDT session/connection such as after a fallback/rejection.  This re-tx has be handled by NAS.  This implies that NAS has to have a “copy” of data even if the data was sent to the AS such that it can be re-transmitted.  This behaviour is already used in legacy operation in other scenarios such as re-establishment, and handling is left up to UE implementation.  Similarly, the re-tx of data over a new SDT session can be left to UE implementation.
[bookmark: _Toc68054641][bookmark: _Toc68055254][bookmark: _Toc68204602][bookmark: _Toc68204863][bookmark: _Toc68205707]When an SDT session fails and re-transmission of the ongoing data is required, the details of NAS/AS interaction to handle those re-transmission of data over a new SDT session or RRC CONNECTION can be left up to UE implementation.  
Proposal 1. [bookmark: _Toc68054658][bookmark: _Toc68055271][bookmark: _Toc68204619][bookmark: _Toc68204879][bookmark: _Toc68205678]RAN2 assumes that UL Data is available in AS when UE is in INACTIVE with SDT configuration such that this data can already be sent with RRC Resume Request and processed by SDAP to determine if data belong to SDT-DRB at any time of the SDT session. To enable this, RAN2 should check if a new indication from AS to NAS is required when SDT configuration is provided or released in a given UE, i.e. NAS is aware when AS is configured to use SDT feature.
The following proposal includes suggested inputs to CT1 considering the points here discussed as well as applicable RAN2 agreements from previous meetings.
Proposal 2. [bookmark: _Toc68054659][bookmark: _Toc68055272][bookmark: _Toc68204620][bookmark: _Toc68204880][bookmark: _Toc68205679]Send LS to CT1 (Cc: SA2) including the following:
Proposal 2.1. [bookmark: _Toc68054660][bookmark: _Toc68055273][bookmark: _Toc68204621][bookmark: _Toc68204881][bookmark: _Toc68205680]Inform CT1 that the following UE behaviour is assumed by RAN2 during SDT data transfer: 
Proposal 2.1.1. [bookmark: _Toc68054661][bookmark: _Toc68055274][bookmark: _Toc68204622][bookmark: _Toc68204882][bookmark: _Toc68205681]UE is in RRC_INACTIVE during SDT data transfer, i.e. RRC state is not changed (as captured on Rel-17 SDT WID).
Proposal 2.1.2. [bookmark: _Toc68054662][bookmark: _Toc68055275][bookmark: _Toc68204623][bookmark: _Toc68204883][bookmark: _Toc68205682]Legacy operation for the access category, access identities and resume cause is reused for SDT, i.e. NAS provides it to AS (aligned with previous RAN2 agreements)
Proposal 2.1.3. [bookmark: _Toc68054664][bookmark: _Toc68055277][bookmark: _Toc68204625][bookmark: _Toc68204884][bookmark: _Toc68205683]UL Data should be available in AS when UE is in RRC_INACTIVE with SDT configuration such that this data can already be sent with RRC Resume Request and processed by SDAP to determine if data belong to SDT-DRB at any time of the SDT session (considering the new points discussed in this document).
Proposal 2.1.4. [bookmark: _Toc68204626][bookmark: _Toc68204885][bookmark: _Toc68205684]The UE behaviour for handling of non-SDT data arrival after sending the first UL SDT data packet is fully specified, i.e. not left to UE implementation (aligned with previous RAN2 agreements).
Proposal 2.1.5. [bookmark: _Toc68204627][bookmark: _Toc68054665][bookmark: _Toc68055278][bookmark: _Toc68204628][bookmark: _Toc68204886][bookmark: _Toc68205685][bookmark: _Hlk67907113]Whether any new indication from AS to NAS about SDT configuration is necessary to enable the above behaviour.
Proposal 2.1.6. [bookmark: _Toc68054666][bookmark: _Toc68055279][bookmark: _Toc68204629][bookmark: _Toc68204887][bookmark: _Toc68205686][include the agreement on non-SDT-DRB handling from the discussion below] 
Proposal 2.2. [bookmark: _Toc68054667][bookmark: _Toc68055280][bookmark: _Toc68204630][bookmark: _Toc68204888][bookmark: _Toc68205687]Request feedback from CT1 on the above points and whether another new indication is required from AS to NAS at the start/during/end of SDT session.

Data for non-SDT DRB
RAN2 has discussed two options to handle new data arrival for non-SDT DRB: option 1) UE autonomous release of SDT followed by a new Resume request and option 2) Fallback to Resume after UE indication to network of data on non-SDT DRB (this includes both options of MAC/RRC indication).  The possible NAS/AS interaction for both these options are discussed further below.  We assume that data for all DRBs (SDT/non-SDT irrespective of Resumed or not) will be delivered to UE AS user plane for both options, as explained in previous section and proposals.  
Option 1) Potential NAS/AS interaction model for UE autonomous release and retrigger ResumeReq solution 
Based on the above observations, all new data (both for SDT DRB and non-SDT DRB irrespective of whether DRB  are or not resumed) for/during SDT must arrive at the AS and be processed by SDAP.  The AS then checks if the data is for non-SDT DRB.  If it is, the UE AS autonomously terminates the SDT session and moves back to legacy RRC_INACTIVE.  It then indicates to NAS that RRC connection has been suspended.  NAS has to then detect that there is pending data (that was previously already processed by SDAP but not sent to/acknowledged by the network) to trigger another Resume request message.  A possible message flow, also including the NAS/AS interaction is shown in the Figure 1 below.



[bookmark: _Ref67850508]Figure 1: Possible NAS/AS interaction for option where UE triggers another ResumeRequest for non-SDT data
Option 2) Potential NAS/AS interaction model for UE indicating non-SDT-DRB data to network solution 
As before, based on the above observations, all new data (both for SDT DRB and non-SDT DRB irrespective of whether radio bearers are or not resumed) for/during SDT must arrive at the AS and be processed by SDAP.  The AS then checks if the data is for non-SDT DRB.  If it is, the UE sends an indication of data on non-SDT DRB to network (over MAC or RRC).  Network can then send a RRCResume to the UE that triggers the transition to RRC_CONNECTED.  A possible message flow, also including the NAS/AS interaction is shown in the Figure 2 below.



[bookmark: _Ref67945146]Figure 2: Possible NAS/AS interaction for option where UE indicates non-SDT data to network
As can be seen from the above discussion for both options and the figures, there is no big difference between the two options in terms of data handling between NAS and AS. However, option (2) where UE indicates data on non-SDT DRB to the network has fewer interaction between NAS and AS, more in line with the existing model and also fewer signalling to the network making it simpler and faster.  
[bookmark: _Toc68037159][bookmark: _Toc68054642][bookmark: _Toc68055255][bookmark: _Toc68204603][bookmark: _Toc68204864][bookmark: _Toc68205708]The option (2) where UE indicates the network when data on non-SDT DRB is available has the following advantages:
(a) [bookmark: _Toc68037160][bookmark: _Toc68054643][bookmark: _Toc68055256][bookmark: _Toc68204604][bookmark: _Toc68204865][bookmark: _Toc68205709]Fewer interaction between NAS and AS
(b) [bookmark: _Toc68037161][bookmark: _Toc68054644][bookmark: _Toc68055257][bookmark: _Toc68204605][bookmark: _Toc68204866][bookmark: _Toc68205710]Fewer signalling to the network, including RACH
(c) [bookmark: _Toc68037162][bookmark: _Toc68054645][bookmark: _Toc68055258][bookmark: _Toc68204606][bookmark: _Toc68204867][bookmark: _Toc68205711]No need to reset L2 and potentially re-tx SDT data on non-SDT data arrival
(d) [bookmark: _Toc68037163][bookmark: _Toc68054646][bookmark: _Toc68055259][bookmark: _Toc68204607][bookmark: _Toc68204868][bookmark: _Toc68205712] Simpler solution from implementation and specification point of view
(e) [bookmark: _Toc68037164][bookmark: _Toc68054647][bookmark: _Toc68055260][bookmark: _Toc68204608][bookmark: _Toc68204869][bookmark: _Toc68205713]Lower delay in sending data after non-SDT data arrival (no RACH, ResumeReq)
(f) [bookmark: _Toc68037165][bookmark: _Toc68054648][bookmark: _Toc68055261][bookmark: _Toc68204609][bookmark: _Toc68204870][bookmark: _Toc68205714]Doesn’t have the potential security risk (to be checked with SA3) of reusing the same key for data sent multiple SDT sessions with the same COUNT
(g) [bookmark: _Toc68037166][bookmark: _Toc68054649][bookmark: _Toc68055262][bookmark: _Toc68204610][bookmark: _Toc68204871][bookmark: _Toc68205715]UAC for a UE in RRC_INACTIVE is not applied again to send non-SDT data
(h) [bookmark: _Toc68037167][bookmark: _Toc68054650][bookmark: _Toc68055263][bookmark: _Toc68204611][bookmark: _Toc68204872][bookmark: _Toc68205716]Lower risk to interrupt the data continuity of the ongoing SDT session
(i) [bookmark: _Toc68037168][bookmark: _Toc68054651][bookmark: _Toc68055264][bookmark: _Toc68204612][bookmark: _Toc68204873][bookmark: _Toc68205717]Network control on whether/when to transition the UE into RRC_CONNECTED
Therefore considering the advantages analyzed above we suggest enabling option 2.
Proposal 3. [bookmark: _Toc68054668][bookmark: _Toc68055281][bookmark: _Toc68204631][bookmark: _Toc68204889][bookmark: _Toc68205688]RAN2 enables option (2) where UE in RRC_INACTIVE with an ongoing SDT session indicates the network when data on non-SDT DRB is available and leaves the decision on whether/when to fallback to legacy resume up to network.

Resumption of non-SDT DRBs
Since the UE may have data only on one DRB when initiating an SDT session, it does not seem essential to restore the other RBs. There are two options – apply the new keys and restore only the DRB with data, or apply the new keys and restore all DRBs during an SDT session. 
As discussed above, data has to be processed by AS and by SDAP to determine whether the data is for an SDT or non-SDT DRB.  Further, an indication of data on non-SDT DRB has to done to the gNB or the NAS and this indication is new and different to any that exist today.  Since this is a new behaviour, resuming or not resuming the non-SDT DRBs has no implications on whether NAS will trigger another Resume Request or AS trigger will an indication to gNB.
Either option results in the same externally visible UE behaviour as multiple successive PDCP re-establishments and applying new keys doesn’t change anything when the other RB has no data.  
[bookmark: _Toc68204613][bookmark: _Toc68037169][bookmark: _Toc68054652][bookmark: _Toc68055265][bookmark: _Toc68204614][bookmark: _Toc68204874][bookmark: _Toc68205718]Whether DRBs are resumed or not at the start of SDT session, has no bearing on the two options of NAS trigger and for AS indication when data arrives for a non-SDT DRBs; this behaviour is new and NAS is not aware of DRBs.  Hence this is more of an AS modelling aspect than impacting external UE behaviour.  
For the option where UE indicates data for non-SDT DRB to gNB, if the non-SDT DRBs are not resumed at the start of SDT session, they have to be resumed when UE receives the Resume message.   At the time of resumption of these DRBs, the applicable security key has to applied, L2 reset/re-stablished for the relevant DRBs.  
If the RBs without data are not restored and the new keys are not applied to these RBs, there is no need for PDCP re-establishment of these DRBs either.  This implies that during a series of data transfers on some DRBs, only the ones that carry data for a SDT session are restored each time with new keys applied and PDCP re-established.  For example, if DRB1 had SDT data, then only this DRB1 will have the new keys and PDCP re-stablished.  Other DRBs, say DRB2, will still have the old key and no PDCP re-establishment.  If then DRB2 has data for the next SDT session, then DRB2 will apply the new key and PDCP re-established.
PDCP/RLC re-establishment for DRBs during Resume is today done using explicit signalling in the Resume message.  During SDT operation, RAN2 may agree to an implicit at least for SDT DRBs.  Resuming all DRBs at the start of the SDT session can avoid this mismatch of implicit and explicit L2 reset/re-establishment.
Thus, handling of new data arrival on one of these DRBs is simpler if new keys are always applied and PDCP re-established for all RBs.   Hence overall from the specification point of view, it is easier to specify that new keys are always applied and PDCP re-established for all RBs at the time of initiating SDT (even those that don’t have data).   
[bookmark: _Toc68204615][bookmark: _Toc68204875][bookmark: _Toc68205719]Data arrival for a new DRB is more difficult to specify if only the DRBs with user data apply the new NCC and perform PDCP re-establishment at the time of initiating SDT especially for the option of AS indicating non-SDT data to gNB..  
Proposal 4. [bookmark: _Toc68204632][bookmark: _Toc68204890][bookmark: _Toc68205689]When initiating an SDT session, all the suspended RBs are restored with the new keys (based on the NCC provided in last RRCRelease msg). This apply to SDT and non-SDT bearers.

Security open questions for SDT
There are a couple of security related issues discussed so far:
1) Network authentication: During an SDT session, UE provides a short Resume MAC-I that could be sufficient for UE authentication.  But there is no DL RRC messages to authenticate the network apart from the RRC Release message at the end of the SDT session.  As user data is already exchanged before that, it may not be considered acceptable not to authenticate the network before data transfer.  
2) Re-use of NCC value for multiple SDT sessions: This could potentially (all of these are for further discussion and none of these are agreed yet) happen with 
a. RRC-less SDT.  RRC-less CG-SDT could be considered as less of a security risk as it sent on CGs that were previously provided to the UE over secure (encrypted and integrity protected) signalling.   
b. after cell reselection during an SDT session if the UE stays in INACTIVE or 
c. UE re-initiating ResumeReq for data for non-SDT DRB.  
RAN2 should check with SA3 if these are a security issue that needs to be addressed.  
If these are considered a security issue, there are solutions possible:
1) A common solution for both issues and all scenarios could be for network to provide NCC in a short RRC message immediately after reception of ResumeRequest message.  This message will be integrity protected, and provides the network authentication and also the NCC for all the subsequent accesses.
2) Another option applicable for both issues is for UE to re-use the NCC value but perform a horizontal key derivation.  The network will also generate the key based on the horizontal key derivation to match the key used by the UE.
Proposal 5. [bookmark: _Toc68205690][bookmark: _Toc68054670][bookmark: _Toc68055283][bookmark: _Toc68204633][bookmark: _Toc68204891][bookmark: _Toc68205691]Send LS to SA3, requesting feedback on any security concerns on network authentication and re-use of NCC value across SDT sessions for the different scenarios that RAN2 agree to work on. 

PDCP re-establishment
PDCP has to be re-established when using a new key and this is normally done in NR using explicit indication in the RBConfig for each of the RBs.  With some exceptions for SRB1, UE does PDCP re-establishment based on explicit indication from the network.  During legacy Resume, the RBConfig with re-establishment flag (i.e. reestablishPDCP) for the SRBs and DRBs except SRB1, is carried in Resume message that is received by the UE before it sends any other signalling/data (although SRB1 is implicitly re-established as defined in section 5.3.13.3 “Actions related to transmission of RRCResumeRequest or RRCResumeRequest1 message” of TS 38.331). For SDT, there is no RRCResume message exchanged before UE sends SDT and hence this INACTIVE solution is not possible.  
[bookmark: _Toc68054655][bookmark: _Toc68055268][bookmark: _Toc68204616][bookmark: _Toc68204876][bookmark: _Toc68205720]The Resume mechanism of providing an explicit PDCP reestablishment flag (i.e. reestablishPDCP) for the RBs in the RRCResume message is not possible for SDT.
There are two options possible:
Option a) Implicit re-establishment of the PDCP for the RBs is done for SDT operation before starting the SDT session.  This goes against the principles of NR that reestablishment is based on explicit network indication. This option (a) would also require change on RRC specifications and even for this option, PDCP will still receive a request from upper layers for the re-establishment.
Option b) Explicit PDCP re-establishment flag can be sent to UE in the RBConfig along with the updated NCC (in previous RRCRelease message).  This flag is only applied by a UE in RRC_INACTIVE when the UE applies the NCC for SDT operation.
While applying a configuration only at the next SDT session rather than immediately after reception of the message may seem a bit strange, it can be seen as being applied along with the NCC received in the same message.  This also goes with the current behaviour on network control of the re-establishment of PDCP.  Hence we have a small preference for:
Proposal 6. [bookmark: _Toc68054672][bookmark: _Toc68055285][bookmark: _Toc68204634][bookmark: _Toc68204892][bookmark: _Toc68205692]PDCP re-establishment flag (i.e. reestablishPDCP) is sent in the RBConfig along with the NCC in RRCRelease message for SDT operation.  This flag is applied when the UE applies the NCC in the next SDT session. 

Delta signalling for SDT configuration
SDT from UEs will be frequent small data transmissions at short intervals.   As RAN2 has agreed to use RRC signalling based approach as the baseline, each SDT session must involve an RRCResumeRequest and RRCRelease message.  There could be a fair amount of configuration associated with SDT such as CG, I-RNTI, short-I-RNTI and signalling associated with normal Resume.  If these have to be signalled at every SDT session, they can be a significant relative to the volume of actual data sent in the SDT session.  
Configuration associated with legacy Resume is also provided by RRCRelease message.  The normal behaviour in the absence of delta signalling will be that both SDT and legacy Resume will need to be provided at the end of each SDT session if RRC Release message is reused for SDT.
Since these configurations are likely to be the same over several SDT sessions, delta signalling of both the normal Resume and SDT configuration could be very beneficial.  Considering that the UE may go through a sequence of SDT and full resume, this delta signalling of the SDT configuration can continue across all of these sessions.  That is the SDT configuration can be retained as long as the INACTIVE configuration is also retained and form the baseline for subsequent delta configuration.
[bookmark: _Toc67870071][bookmark: _Toc67954583][bookmark: _Toc68037171][bookmark: _Toc68054656][bookmark: _Toc68055269][bookmark: _Toc68204617][bookmark: _Toc68204877][bookmark: _Toc68205721]Delta signalling of legacy Suspend and SDT configuration can reduce signalling overhead compared to volume of data
Proposal 7. [bookmark: _Toc67870084][bookmark: _Toc67870170][bookmark: _Toc67954599][bookmark: _Toc67870085][bookmark: _Toc67870171][bookmark: _Toc67954600][bookmark: _Toc68054673][bookmark: _Toc68055286][bookmark: _Toc68204635][bookmark: _Toc68204893][bookmark: _Toc68205693]Delta signaling is supported for the SDT related configuration. This delta signaling applies across different SDT sessions and when resuming the RRC connection (i.e. SDT configuration is only released when UE moves releases the RRC_INACTIVE configuration as specified today or when the network explicitly releases the SDT configuration ).

SDT Configuration Signalling 
When the UE was moved to INACTIVE, it stored the previous configuration.  During the SDT transfer, some of that configuration, such as the configuration related to the radio bearers, is restored and used as the configuration for the SDT data transfer as agreed in the last meeting.  The stored configuration may also include many other configurations such as UE connected mode measurements.  To inimize additional complexity, by default, none of the other UE configuration should be restored during the SDT session and UE shall not perform any additional procedures beyond what is essential for receiving and transmitting SDT data.  
Proposal 8. [bookmark: _Toc67870086][bookmark: _Toc67870172][bookmark: _Toc67954601][bookmark: _Toc68054674][bookmark: _Toc68055287][bookmark: _Toc68204636][bookmark: _Toc68204894][bookmark: _Toc68205694]During an SDT session, UE only restores the configurations for SDT, suspend and radio bearers (i.e. other UE stored configurations are not restored during the SDT session).
RAN1 LS [R1-2102125] indicated the following on the CORESET and search space for monitoring the PDCCH addressed to the C-RNTI after successful completion of the RACH procedure during RA-SDT:
[bookmark: _Hlk67040192]“From RAN1 perspective, the existing type-1 PDCCH CSS used for random access can be reused but it may impose higher PDCCH blocking rate and impact to the legacy UE performing random access, so at least a new search space that is different from the existing CSS should be supported for RA-SDT. It is feasible from RAN1 perspective to use either a new common search space or a UE-specific search space, thus it can be up to RAN2 to make the decision. The configuration of CORESET will be further discussed, basically following the same design logic for search space.”
Possible ways for the network to update SDT related configuration are:
Option A) Broadcast signalling: SDT related configuration can be updated outside the SDT session (before/after), while UE is INACTIVE and when UE reselects to a new cell. Moreover, gNB could broadcast a single or multiple sets of SDT configurations for different sets of UEs based for example on some group ID. This would allow enabling the “new common search space”. 
Option B) Dedicated signalling: SDT related configuration is updated at the beginning of an SDT session. This can be done via dedicated signaling which can provide more flexibility and minimize the impact on the legacy system (e.g., reduction of the blocking probability compared to common search space/CORESET). However, it can add signaling overhead to each SDT session where the main motivation was to reduce any unnecessary signaling. This would allow enabling the “UE specific search space”.
To avoid overheads during SDT session, option (A) looks preferable from RAN2 point of view. Option (B) should only be considered if option A is not sufficient based on RAN1 input.  
[bookmark: _Toc68054657][bookmark: _Toc68055270][bookmark: _Toc68204618][bookmark: _Toc68204878][bookmark: _Toc68205722]From RAN2 point of view, broadcast signaling is preferable when updating SDT related configuration; however dedicated signaling can be reconsidered if RAN1 requires it for SDT operation.
Proposal 9. [bookmark: _Toc68054675][bookmark: _Toc68055288][bookmark: _Toc68204637][bookmark: _Toc68204895][bookmark: _Toc68205695]From RAN2 point of view, it is preferable that a UE in RRC_INACTIVE only gets new configuration/parameters via broadcast signaling to update stored configurations used for SDT operation (such as, common search space and CORESET). 
Update of the other stored UE configuration is not essential during an SDT session and should not be supported.  
Proposal 10. [bookmark: _Toc68204638][bookmark: _Toc68054676][bookmark: _Toc68055289][bookmark: _Toc67870088][bookmark: _Toc67870174][bookmark: _Toc67954603][bookmark: _Toc68204639][bookmark: _Toc68204896][bookmark: _Toc68205696]gNB cannot update any of the stored configuration for a UE in RRC_INACTIVE that is not re-stored during the SDT session (i.e., not related to SDT transfer).

UE behaviour during SDT session
[bookmark: _Hlk67864118]This section aims to summarize the UE behaviour during ongoing SDT session including whether the point was already covered by a previous RAN2 agreement or new agreement may be desirable in preparation for the related stage-3 work to come. Table below shows in blue those rows with straightforward operation that could be concluded (as proposed below).
[bookmark: _Ref67864178]Table 1. Operation of a UE in RRC_INACTIVE during an SDT session
	#
	UE behaviour during ongoing SDT session
	Justification or RAN2 previous agreement

	1
	UE in RRC_INACTIVE can transmit and receive data on SDT configured bearers (where data segmentation and re-transmission is allowed like for a UE in RRC_CONNECTED)
	RAN2 agreed on supporting multiple DL/UL SDT in same session without updating NCC. This implies that data segmentation and re-transmission is also supported.

	2
	UE monitors PDCCH continuously 
	RAN2 agreed on monitoring of PDCCH after successful initiation of an SDT session. However, it is not discussed if optimizations are desirable to limit the monitoring of PDCCH during an ongoing SDT session (e.g. DRX) in order to reduce UE’s power consumption.

	3
	UE-specific paging is not monitored 
	If there is DL data for the UE during an SDT session (even for non-SDT DRBs), network can move the UE to RRC_CONNECTED using Fallback to resume. 

	4
	UE can rely on legacy operation to monitor SI notifications in paging
	There should not be an issue to support SI notification in between SDT sessions like for UEs in RRC_INACTIVE

	5
	Cell reselection continues like for a legacy UE in RRC_INACTIVE
	No need to change cell reselection for SDT feature. I.e. UE stays in RRC_INACTIVE with all applicable stored configuration as discussed in [1]

	6
	Handling for SDT session failure and corresponding UE behaviour
	Specification should aim to guarantee on the data continuity. Different events and their operation are discussed in [1]

	7
	UE behaves like for a legacy UE in RRC_INACTIVE for other remaining operations (e.g. measurements); FFS for beam & BWP management (up to RAN1)
	SDT aims to be simple mechanism that benefit of not having to enable all functionally in used by UEs in RRC_CONNECTED

	8
	SDT configuration and new mechanism
	Solution details under discussion

	9
	Continuing header compression across SDT sessions (i.e. continue with RoHC state)
	This topic still needs to be addressed as discussed in [2]



From the table above, these are the proposed agreements on straight forwards behaviours.
Proposal 11. [bookmark: _Toc67954604][bookmark: _Toc67870090][bookmark: _Toc67870176][bookmark: _Toc68054677][bookmark: _Toc68055290][bookmark: _Toc68204640][bookmark: _Toc68204897][bookmark: _Toc68205697]To agree on the following behaviours for a UE in RRC_INACTIVE during an ongoing SDT session:
Proposal 11.1. [bookmark: _Toc67954606][bookmark: _Toc68054678][bookmark: _Toc68055291][bookmark: _Toc68204641][bookmark: _Toc68204898][bookmark: _Toc68205698]UE relies on legacy operation for RRC_CONNECTED to monitor SI notifications in paging.
Proposal 11.2. [bookmark: _Toc67954608][bookmark: _Toc68054679][bookmark: _Toc68055292][bookmark: _Toc68204642][bookmark: _Toc68204899][bookmark: _Toc68205699]UE behaves like for a legacy UE in RRC_INACTIVE for other remaining operations (e.g. measurements); FFS for beam & BWP management (wait for RAN1’s input/progress on this).
Proposal 11.3. [bookmark: _Toc67954611][bookmark: _Toc68054680][bookmark: _Toc68055293][bookmark: _Toc68204643][bookmark: _Toc68204900][bookmark: _Toc68205700]Not to enhance the monitoring of PDCCH during an SDT session (e.g. DRX is not supported).
Proposal 11.4. [bookmark: _Toc67954612][bookmark: _Toc68054681][bookmark: _Toc68055294][bookmark: _Toc68204644][bookmark: _Toc68204901][bookmark: _Toc68205701][bookmark: _Toc67954613]UE-specific paging is not monitored during an SDT session.

RRC signaling allowed during SDT session
Table 2 summarizes the RRC messages potentially allowed during an SDT session:
[bookmark: _Ref67866487]Table 2. RRC message allowed at any time or only at initiation of SDT session
	RRC message
	Purpose
	[bookmark: _Hlk67866464]Only at initiation of SDT session
	At any time of the SDT session

	RRCResumeRequest 
	To initiate an SDT session
	Yes
	

	RRCRelease
	To end an SDT session
	
	Yes

	RRCReject
	Not to start an SDT session under congestion scenarios
	Yes
	

	RRCResume
	To fallback into legacy resume
	
	Yes

	RRCSetup
	To fallback into legacy setup
	Yes
	

	DLInformationTransfer, ULInformationTransfer
	To transfer NAS PDU (as SRB can be used during SDT ongoing session) e.g. for positioning
	
	Yes



Note 1: initiation of SDT session refers to the 1st UL SDT and 2nd DL SDT exchanges.
Note: FFS if RRC signaling allowed for SDT operation needs to be updated based on related positioning discussion.
Proposal 12. [bookmark: _Toc67954614][bookmark: _Toc68054682][bookmark: _Toc68055295][bookmark: _Toc67870091][bookmark: _Toc67870177][bookmark: _Toc68204645][bookmark: _Toc68204902][bookmark: _Toc68205702]To confirm that the following RRC messages are allowed during an SDT session (as shown in Table 2): only at the initiation phase, RRCResumeRequest, RRCReject, and RRCSetup; and, at any time of the SDT session, RRCRelease, RRCResume, DLInformationTransfer, and ULInformationTransfer. 

MAC CE allowed during SDT session
There is a general assumption that UE may report BSR to provide inputs on the amount of data associated the DRBs configured for SDT operation. On other hand, it might be good to discuss whether PHR reporting could be helpful for network during an SDT session. Note that it is FFS if MAC signaling allowed for SDT operation needs to be updated based on related positioning discussion.
Proposal 13. [bookmark: _Toc67870092][bookmark: _Toc67870178][bookmark: _Toc67954615][bookmark: _Toc68054683][bookmark: _Toc68055296][bookmark: _Toc68204646][bookmark: _Toc68204903][bookmark: _Toc68205703]To confirm that BSR is allowed during an SDT session for the DRBs configured for SDT operation. To discuss whether PHR may be beneficial reporting during/for SDT operation.

1. Conclusion
The observations captured are the following:
Observation 1.	For legacy NR/5GC operation, NAS considers UE lower layers as suspended while UE is in RRC_INACTIVE (referred as “5GMM-CONNECTED mode with RRC INACTIVE indication” in NAS spec).
Observation 2.	NAS is not aware of DRBs and cannot identify data for non-SDT DRB (or even SDT DRB) irrespective of whether the DRB is resumed or not.  Nor can it trigger any action based on data arrival for non-SDT DRB.
Observation 3.	For SDT operation, UL data has to be delivered to AS immediately on data arrival while UE is in RRC_INACTIVE such that data can start being sent with ResumeRequest. UE AS is also required to determine whether the data is for SDT or non-SDT DRBs; this has to be done at the beginning of the SDT session and during an ongoing SDT session.
Observation 4.	When an SDT session fails and re-transmission of the ongoing data is required, the details of NAS/AS interaction to handle those re-transmission of data over a new SDT session or RRC CONNECTION can be left up to UE implementation.
Observation 5.	The option (2) where UE indicates the network when data on non-SDT DRB is available has the following advantages:
(a)	Fewer interaction between NAS and AS
(b)	Fewer signalling to the network, including RACH
(c)	No need to reset L2 and potentially re-tx SDT data on non-SDT data arrival
(d)	Simpler solution from implementation and specification point of view
(e)	Lower delay in sending data after non-SDT data arrival (no RACH, ResumeReq)
(f)	Doesn’t have the potential security risk (to be checked with SA3) of reusing the same key for data sent multiple SDT sessions with the same COUNT
(g)	UAC for a UE in RRC_INACTIVE is not applied again to send non-SDT data
(h)	Lower risk to interrupt the data continuity of the ongoing SDT session
(i)	Network control on whether/when to transition the UE into RRC_CONNECTED
Observation 6.	Whether DRBs are resumed or not at the start of SDT session, has no bearing on the two options of NAS trigger and for AS indication when data arrives for a non-SDT DRBs; this behaviour is new and NAS is not aware of DRBs.  Hence this is more of an AS modelling aspect than impacting external UE behaviour.
Observation 7.	Data arrival for a new DRB is more difficult to specify if only the DRBs with user data apply the new NCC and perform PDCP re-establishment at the time of initiating SDT especially for the option of AS indicating non-SDT data to gNB..
Observation 8.	The Resume mechanism of providing an explicit PDCP reestablishment flag (i.e. reestablishPDCP) for the RBs in the RRCResume message is not possible for SDT.
Observation 9.	Delta signalling of legacy Suspend and SDT configuration can reduce signalling overhead compared to volume of data
Observation 10.	From RAN2 point of view, broadcast signaling is preferable when updating SDT related configuration; however dedicated signaling can be reconsidered if RAN1 requires it for SDT operation.
The proposals captured are the following:
Proposal 1.	RAN2 assumes that UL Data is available in AS when UE is in INACTIVE with SDT configuration such that this data can already be sent with RRC Resume Request and processed by SDAP to determine if data belong to SDT-DRB at any time of the SDT session. To enable this, RAN2 should check if a new indication from AS to NAS is required when SDT configuration is provided or released in a given UE, i.e. NAS is aware when AS is configured to use SDT feature.
Proposal 2.	Send LS to CT1 (Cc: SA2) including the following:
Proposal 2.1.	Inform CT1 that the following UE behaviour is assumed by RAN2 during SDT data transfer:
Proposal 2.1.1.	UE is in RRC_INACTIVE during SDT data transfer, i.e. RRC state is not changed (as captured on Rel-17 SDT WID).
Proposal 2.1.2.	Legacy operation for the access category, access identities and resume cause is reused for SDT, i.e. NAS provides it to AS (aligned with previous RAN2 agreements)
Proposal 2.1.3.	UL Data should be available in AS when UE is in RRC_INACTIVE with SDT configuration such that this data can already be sent with RRC Resume Request and processed by SDAP to determine if data belong to SDT-DRB at any time of the SDT session (considering the new points discussed in this document).
Proposal 2.1.4.	The UE behaviour for handling of non-SDT data arrival after sending the first UL SDT data packet is fully specified, i.e. not left to UE implementation (aligned with previous RAN2 agreements).
Proposal 2.1.5.	Whether any new indication from AS to NAS about SDT configuration is necessary to enable the above behaviour.
Proposal 2.1.6.	[include the agreement on non-SDT-DRB handling from the discussion below]
Proposal 2.2.	Request feedback from CT1 on the above points and whether another new indication is required from AS to NAS at the start/during/end of SDT session.
Proposal 3.	RAN2 enables option (2) where UE in RRC_INACTIVE with an ongoing SDT session indicates the network when data on non-SDT DRB is available and leaves the decision on whether/when to fallback to legacy resume up to network.
Proposal 4.	When initiating an SDT session, all the suspended RBs are restored with the new keys (based on the NCC provided in last RRCRelease msg). This apply to SDT and non-SDT bearers.
Proposal 5.	Send LS to SA3, requesting feedback on any security concerns on network authentication and re-use of NCC value across SDT sessions for the different scenarios that RAN2 agree to work on.
Proposal 6.	PDCP re-establishment flag (i.e. reestablishPDCP) is sent in the RBConfig along with the NCC in RRCRelease message for SDT operation.  This flag is applied when the UE applies the NCC in the next SDT session.
Proposal 7.	Delta signaling is supported for the SDT related configuration. This delta signaling applies across different SDT sessions and when resuming the RRC connection (i.e. SDT configuration is only released when UE moves releases the RRC_INACTIVE configuration as specified today or when the network explicitly releases the SDT configuration ).
Proposal 8.	During an SDT session, UE only restores the configurations for SDT, suspend and radio bearers (i.e. other UE stored configurations are not restored during the SDT session).
Proposal 9.	From RAN2 point of view, it is preferable that a UE in RRC_INACTIVE only gets new configuration/parameters via broadcast signaling to update stored configurations used for SDT operation (such as, common search space and CORESET).
Proposal 10.	gNB cannot update any of the stored configuration for a UE in RRC_INACTIVE that is not re-stored during the SDT session (i.e., not related to SDT transfer).
Proposal 11.	To agree on the following behaviours for a UE in RRC_INACTIVE during an ongoing SDT session:
Proposal 11.1.	UE relies on legacy operation for RRC_CONNECTED to monitor SI notifications in paging.
Proposal 11.2.	UE behaves like for a legacy UE in RRC_INACTIVE for other remaining operations (e.g. measurements); FFS for beam & BWP management (wait for RAN1’s input/progress on this).
Proposal 11.3.	Not to enhance the monitoring of PDCCH during an SDT session (e.g. DRX is not supported).
Proposal 11.4.	UE-specific paging is not monitored during an SDT session.
Proposal 12.	To confirm that the following RRC messages are allowed during an SDT session (as shown in Table 2): only at the initiation phase, RRCResumeRequest, RRCReject, and RRCSetup; and, at any time of the SDT session, RRCRelease, RRCResume, DLInformationTransfer, and ULInformationTransfer.
Proposal 13.	To confirm that BSR is allowed during an SDT session for the DRBs configured for SDT operation. To discuss whether PHR may be beneficial reporting during/for SDT operation.

1. [bookmark: _Ref434066290]Reference
[1] [bookmark: _Ref478150265][bookmark: _Ref68204362]R2-2102842, Fallback and failure handling for SDT, Intel Corporation, April 2021
[2] [bookmark: _Ref68204559]R2-2102840, User plane aspects for SDT, Intel Corporation, April 2021. 
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