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Introduction
This document discusses the control aspects for SDT.  When initiating a data transfer from INACTIVE, UE has to choose between using an SDT session or a Resume procedure to Connected.  The criteria for this selection are discussed first.  
Other control plane aspects such as need for RACH partitioning for SDT, UE procedures and behaviour during an SDT session including handling of new data arrival, handling of other RBs without data are discussed. 
Failure procedures, such as cell reselection during SDT, was discussed briefly in the email discussion without conclusion.  The motivation for data recovery after cell reselection is discussed.  Finally, fallback procedures required are also discussed.
Discussion
Criteria to use SDT
It was agreed that both RA-based and CG-based mechanisms shall be supported for transmission of SDT using the RRC based approach. In addition, it was agreed that at least data volume threshold is used by the UE to determine whether the UE should perform SDT, although it is not clear how it is defined. Moreover, the need for any additional criteria for triggering SDT also needs to be discussed. In this regard, we can consider at least the following aspects:
Data volume threshold
While the data volume threshold was agreed in the previous meeting, it is still not fully clear what exactly it refers to. For instance, it can refer to a maximum TBS size for SDT, 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 data volume threshold, it can serve as an indication that UE should transition to RRC_CONNECTED instead. Note that this data volume threshold can in general be applicable for both 2 step and 4 step RA based SDT.
Proposal #1: Data volume threshold to trigger SDT should be defined as an upper limit on the amount of data in the buffer when SDT is first initiated by the UE.
Additional RSRP criteria
One of the open aspects from the last meeting is the need for a RSRP threshold for allowing SDT. However, it is not clear whether this RSRP criteria is simply to ensure UE’s radio quality and whether or not it is distinct from the threshold for selection between 2-step or 4-step RACH for SDT. In our view, we should first focus on the question of whether we really need a link quality/RSRP criteria to allow UE to trigger SDT. The main argument in favour of having this RSRP criteria seems to be to ensure that the UE is in good cell coverage, presumably to minimize the error rate for a given TBS. However, as the agreement that the UE can send “multiple UL and DL packets as part of the same SDT mechanism” seems to imply that segmentation is possible during SDT, the RSRP restriction does not seem quite essential. On the other hand, this can provide additional flexibility to the network on whether or not it allows SDT transmission above/below a certain RSRP threshold. So, we think it is ok to optionally support an additional RSRP based criteria (i.e. other than for determination of 2-step and 4-step RACH) for allowing the UE to perform SDT. 
Proposal #2: An (additional) RSRP criteria shall be defined to determine if the UE is allowed to use SDT.
Access categories
The UE and the network need to support/allow the usage of SDT feature. The UE may be configured (or allowed) to use SDT feature via related indication or configuration provided by the network via dedicated or broadcast signaling. As previously agreed, the UE should have a specific DRB setup/configured that can be used for SDT and in our view, this implicitly means that the network can control whether a given UE can trigger SDT. In addition to the specific DRB, the question is whether specific access categories can also be considered for SDT. For reference, LTE EDT could be triggered only for MO calls with resume cause values set to specific values, i.e. mo-Data or mo-ExceptionData or delayTolerantAccess). For NR, we think we can rely on the existing access categories and no new one need to be defined specifically for SDT. 
Proposal #3: RAN2 is proposed to agree that no additional access category needs to be defined for SDT.
Contents of message 3/A
For Resume from INACTIVE, RRC Resume request is used, which contain UE ID, short MAC-I and cause value.  All of these are also required for SDT access.  The CU-CP needs to know that the access is for SDT so the network can decide whether to send Resume or not.  The presence of data in msg 3/A could be sufficient for the DU to indicate this to the CU without an explicit indication in the RRC Resume message itself.  
The volume of data in the UE should also be indicated to the network.  This could be in the form of a BSR.  The actual details of the BSR itself can be considered in stage 3.
Proposal #4: Network knows that the access is for SDT by the presence of data in msg 3/A and no additional explicit indication is necessary in Resume request.  Msg3/A should also contains a “BSR” indicating the volume of data.
The figure 1 below shows an example message flow for an SDT session.


Figure 1: An example message flow for a RACH based SDT session

UE behaviour during SDT session 
Another aspect to discuss are the procedures UE performs while performing the SDT transfer. 
 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 configuration such as UE connected mode measurements.  To minimise 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 required for receiving and transmitting data.  
Proposal #5: The other UE stored UE configuration beyond the configuration of the radio bearers is not restored during the SDT session.  UE does not perform additional procedures other than data transfer during the SDT session.  
Any RRC reconfiguration of the stored configuration during SDT session will also introduce additional complexity of mixing the stored configuration with the new configuration, increases complexity of failure handling and also require Reconfiguration complete message.  Hence it is proposed that RRC Reconfiguration of the stored configuration is not supported during SDT session.
Proposal #6: Update of the stored RRC configuration using RRC reconfiguration is not supported during an SDT session.
 
Handling of other RBs without data
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 – restore only the DRB with data or all DRBs during an SDT session. 
If the RBs without data are not restored, the new keys are also not applied to these RBs and there is no need for PDCP re-establishment of the other 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.  
The other option is to restore all RBs and apply the new keys with PDCP re-establishment on all RBs even if there is no data to send on these RBs.  
Either option results in the same externally visible UE behaviour.  Considering that there is no real difference between either option, and it seems simpler to always have the same handling of all RBs, irrespective of whether they have data or not.
Proposal #7: All the RBs are restored with new keys and PDCP re-establishment during an SDT session irrespective of whether they have data or not.
PDCP re-establishment
A related aspect is the re-establishment of the PDCP.  PDCP has to 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.  For INACTIVE, the RBConfig with re-establishment flag 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 (SRB1 is implicitly re-established). For SDT, there is no Resume message exchanged before UE sends SDT and hence this INACTIVE solution is not possible.  
Observation #1: The Resume mechanism of providing an explicit PDCP reestablishment flag for the RBs in the Resume message is not possible for SDT.
There are two options possible:
a) Implicit re-establishment of the PDCP for the RBs for SDT before sending data.  This goes against the principles of NR that reestablishment is based on explicit network indication
b) PDCP re-establishment flag can be sent in the RBConfig along with the NCC.  This flag is only applied when the UE applies the NCC.
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.
Proposal #8:  PDCP re-establishment flag is sent in the RBConfig along with the NCC.  This flag is only applied when the UE applies the NCC in the next SDT session.
Handling new data arrival during SDT session
As agreed last meeting, UE can send more than one data packet during SDT.  It is possible that new data may arrive for the UL in the UE, for example, in response to a DL data during an SDT session.  Or possibly new data may arrive in other DRBs.  While these can also potentially be transferred as part of the same SDT session, it brings the discussion on when SDT should be stopped.  
Two possible options are:
1) Leave it to network handling.  That is, when the network considers it does not want to continue in SDT for the additional data, network will move UE to either:
a. Back to INACTIVE and let UE initiate a new SDT session/Resume for the new data
b. Fallback to CONNECTED to continue with the new data.  For this, it should be possible to send Resume message at any time during the SDT session.
2) Not allow UE to send new data as part of this SDT session
Any of the above can be considered and there isn’t a big difference between them.  Allowing fallback to Connected is most efficient with some additional complexity.  Leaving it to network to move UE back to INACTIVE provides some flexibility with minimal complexity.  We have a slight preference to allow network to move UE to connected at any time.
Proposal #9: For new data arrival during an SDT session, leave it to network implementation whether to continue with SDT or move the UE CONNECTED.
Cell reselection during SDT session
The current behaviour on cell reselection between an RRC Resume Request and Resume message (T319) is for UE to go to RRC IDLE.  
Last RAN2 meeting 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 can be quite 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 T319.  A new timer, say, T319’, which would be longer than T319, could be used to oversee the SDT transfer that could run from Resume Request to end of SDT session.  
A consequence of this longer T319’ is that it increases the possibility of cell reselection during an SDT session.  UE is also likely to perform many SDT transfers.  If the UE goes to IDLE during this cell reselection, data loss or duplication could happen frequently.  
On transitioning to IDLE, the network UE context in gNB is released and any DL data in the gNB is also cleared.  If the UE is allowed to go IDLE during an SDT transfer, this DL data could be lost without any possibility of recovery or retransmission (unless the gNB can forward the data back to the CN to retransmission at CN).   
To prevent data loss after cell reselection, after transitioning to 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 but the acknowledgement was not received by the UE.  
If the PDCP SN for the data is not maintained in the network and UE for the repeated data (such when UE goes to IDLE), it is possible that this will result in duplication of the data.  
Observation #2: UE is more likely perform cell reselection during an SDT session (e.g., with a longer T319’) than during T319 and UE is also likely to perform many SDT transfers.  If the UE goes to IDLE during this cell reselection, data could be lost or duplicated and this could happen frequently.  
To avoid such data loss or duplication, UE should continue in INACTIVE after cell reselection such that UE context and data is not cleared by the gNB and also the PDCP SNs are maintained in the UE and the network.  
One consequence of remaining in INACTIVE is that it may introduce new security risks.  The UE may not have received the RRC release message with the new NCC during the SDT session.  In the absence of a new NCC to generate a new key for the next SDT session, there is a possibility of security risk from re-using the old key.  Possible solutions to mitigate these are discussed in [1].
Another potential issue is with new I-RNTI reception.  If this is allocated as today in RRC release message and at the end of the SDT session, and if there is a anchor relocation that requires a change in I-RNTI, the UE may not have received the new I-RNTI if the failure happened before reception of the RRC release message.  The solutions for this are also similar to the NCC solutions discussed in [1].
Based also on that discussion in [1], it can be observed that simple solutions are possible to address the security aspects from continuing in INACTIVE.  These could be verified or developed further in discussion with SA3.   
Observation #3: Security concerns and other failures with continuing in INACTIVE after cell reselection during SDT can be addressed.
To avoid data loss/duplication during cell selection during SDT, it is proposed:
Proposal #10: UE should continue in INACTIVE after cell reselection during an SDT session.  
Fallback handling
When UE initiates an SDT session, it is possible that the network may not always want to allocate resources for SDT and so may instead want the UE to perform some form of fallback procedure. In addition, Rel-16 NR supports fallback of UE from 2-step to 4-step RACH using the fallbackRAR. Then considering SDT, if the UE initiates SDT-RACH via 2-step RACH, the fallback scenarios to 4-step RACH also needs to be further discussed.
Fallback from 2 step RACH to 4 step RACH  is supported in Rel-16.  As this procedure is unchanged from using 2 step RACH for SDT, the fallback from 2 step to 4 step RACH for SDT should continue to be supported.
Proposal #11: Fallback from 2-step RACH using SDT to 4-step RACH using SDT is supported.  

There are many fallback possibilities that needs to be discussed: Fallback from 4 step RACH to 2 step RACH, fallback to Resume, fallback to Connected, and combinations of these with 4 step to 2 step RACH. 
The Figure 2 below shows an example message flow for a fallback to Resume. 


Figure 2: Example message flow for a fallback to Resume

[bookmark: _Toc47475400][bookmark: _Toc47475511][bookmark: _Toc47475554][bookmark: _Toc47475819][bookmark: _Toc47610068][bookmark: _Toc47615866][bookmark: _Toc47620678][bookmark: _Toc47622256]For network control, the gNB should be allowed to trigger the fallback into RRC_CONNECTED by sending RRCResume or RRCSetup messages  in Msg4.  
[bookmark: _Toc46786330][bookmark: _Toc46842389][bookmark: _Toc47092800][bookmark: _Toc47350831][bookmark: _Toc47376685]Proposal #12: The gNB is allowed to trigger a fallback to resume the RRC connection(using RRC Resume) or establish a new RRC connection to get the UE into RRC_CONNECTED (using RRCSetup) when UE in RRC_INACTIVE uses SDT-RACH mechanism.   
During a network controlled fallback to Resume, the network should successfully process the UL data sent in SDT msg 3/A without loss.  For a fallback to Setup, the UE has to prevent data loss by re-transmitting the data after new connection setup.    These are similar to what is done for LTE EDT.
Proposal #13: When fallback is used to establish a new connection (Setup), UE ensures that there is no data loss by re-transmitting the data sent in Msg.3 of SDT-RACH mechanism. When fallback to Resume is used, network ensures that the data sent in msg 3/A SDT is not lost.
If UE were to start access for SDT-RACH via 2-step RACH, the need for an optimisation that supports a combined fallback scenario to 4-step RACH with Resume/Setup should be further discussed (i.e. when gNB can decode preamble but cannot decode the associated PUSCH included in Msg.A). 
Without this optimisation and in case a simultaneous fall back to 4 step and Resume/SETUP is required, it has to be done over two steps – first a fallback from 2 step RACH using SDT to 4 step RACH and a subsequent fall back to Resume/SETUP.  The other advantage of the combined fallback is avoiding sending the 1st UL data multiple times for Setup. Without this optimisation for Setup, UE sends RRCResumeRequest and the data the  1st time via Msg.A (but the data decoding fails and gNB triggers fallback to 4-step RACH); subsequently, UE repeats RRCResumeRequest and the data 2nd time via Msg.3 (but gNB responds with RRCSetup and discards user data); UE repeats the data the 3rd time (where the data is sent after establishing the new RRC connection).  However with the combined fallback, the UE only sends the 1st UL data twice (as Msg.3 would not include data because the fallback is to 4-step RACH not using SDT). 
Observation #4: For SDT with 2 step RACH, if the network wants to fallback to 4 step RACH and use RRC Resume/Setup, there will be additional delay and data duplication caused by first fallback to 4 step RACH and then fallback to Resume/Setup. 
For this case, it needs to be further discussed how to differentiate between a fall back from 2 step to 4 step RACH and the combined fallback from 2-step RACH using SDT to 4-step RACH  with RRC Resume/Setup. In other words, how does the gNB indicate to the UE whether to continue with SDT after fallback to 4-step RA. A simple way to do this can be by including an explicit indication within the fallbackRAR, e.g. by using a reserve bit.
Proposal #14: Discuss whether to also support the optimised combined fallback from 2-step RACH using SDT to 4-step RACH  with RRC Resume/Setup; and  whether to use an explicit indication within fallbackRAR of MsgB to inform the UE which fallback option to use.

[bookmark: _GoBack]Conclusion and proposals
This document discussed many control plane related aspects for SDT.  The criteria for using SDT was discussed.  Failure handling after cell reselection during SDT was discussed along with the different fallback options.  The following observations and proposals were made.
Proposal #1: Data volume threshold to trigger SDT should be defined as an upper limit on the amount of data in the buffer when SDT is first initiated by the UE.
Proposal #2: An (additional) RSRP criteria shall be defined to determine if the UE is allowed to use SDT.
Proposal #3: RAN2 is proposed to agree that no additional access category needs to be defined for SDT.
Proposal #4: Network knows that the access is for SDT by the presence of data in msg 3/A and no additional explicit indication is necessary in Resume request.  Msg3/A should also contains a “BSR” indicating the volume of data.
Proposal #5: The other UE stored UE configuration beyond the configuration of the radio bearers is not restored during the SDT session.  UE does not perform additional procedures other than data transfer during the SDT session.  
Proposal #6: Update of the stored RRC configuration using RRC reconfiguration is not supported during an SDT session.
Proposal #7: All the RBs are restored with new keys and PDCP re-establishment during an SDT session irrespective of whether they have data or not.
Observation #1: The Resume mechanism of providing an explicit PDCP reestablishment flag for the RBs in the Resume message is not possible for SDT.
Proposal #8:  PDCP re-establishment flag is sent in the RBConfig along with the NCC.  This flag is only applied when the UE applies the NCC in the next SDT session.
Proposal #9: For new data arrival during an SDT session, leave it to network implementation whether to continue with SDT or move the UE CONNECTED.
Observation #2: UE is more likely perform cell reselection during an SDT session (e.g., with a longer T319’) than during T319 and UE is also likely to perform many SDT transfers.  If the UE goes to IDLE during this cell reselection, data could be lost or duplicated and this could happen frequently.  
Observation #3: Security concerns and other failures with continuing in INACTIVE after cell reselection during SDT can be addressed.
Proposal #10: UE should continue in INACTIVE after cell reselection during an SDT session.  
Proposal #11: Fallback from 2-step RACH using SDT to 4-step RACH using SDT is supported.  
Proposal #12: The gNB is allowed to trigger a fallback to resume the RRC connection(using RRC Resume) or establish a new RRC connection to get the UE into RRC_CONNECTED (using RRCSetup) when UE in RRC_INACTIVE uses SDT-RACH mechanism.   
Proposal #13: When fallback is used to establish a new connection (Setup), UE ensures that there is no data loss by re-transmitting the data sent in Msg.3 of SDT-RACH mechanism. When fallback to Resume is used, network ensures that the data sent in msg 3/A SDT is not lost.
Observation #4: For SDT with 2 step RACH, if the network wants to fallback to 4 step RACH and use RRC Resume/Setup, there will be additional delay and data duplication caused by first fallback to 4 step RACH and then fallback to Resume/Setup. 
Proposal #14: Discuss whether to also support the optimised combined fallback from 2-step RACH using SDT to 4-step RACH  with RRC Resume/Setup; and  whether to use an explicit indication within fallbackRAR of MsgB to inform the UE which fallback option to use.
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