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1. [bookmark: _Toc18413600][bookmark: _Toc18404533][bookmark: _Toc18403966]Introduction
In this document, the control plane aspects of SDT are discussed.  
2. SDT type selection and switching
· Selection criteria based on RESUME cause
At RAN2#111e, the following agreements were reached: 
7	Small data transmission is configured by the network on a per DRB basis
8	Data volume threshold is used for the UE to decide whether to do SDT or not.   FFS how we calculate data volume.  
	FFS if an “additional SDT specific” RSRP threshold is further used to determine whether the UE should do SDT
9	UL/DL transmission following UL SDT without transitioning to RRC_CONNECTED is supported 
10	When UE is in RRC_INACTIVE, it should be possible to send multiple UL and DL packets as part of the same SDT mechanism and without transitioning to RRC_CONNECTED on dedicated grant.  FFS on details and whether any indication to network is needed.  
According to the above, a data volume threshold will be used for the UE to decide whether to perform SDT or not. Note that one or more DRBs may be configured for SDT. The above set of agreements mainly cover the use case of UL data arrival (i.e. the MO access use cases). In addition to UL data arrival, the UE may also initiate RESUME due to other causes, these include the following (in red):
· emergency, highPriorityAccess, mt-Access, mo-Signalling, mo-Data, mo-VoiceCall, mo-VideoCall, mo-SMS, rna-Update, mps-PriorityAccess, mcs-PriorityAccess
So, the next question is whether the network should explicitly configure the UE to initiate SDT for each (or some) of the above use cases. It should be noted that the network will provide mapping of data from ongoing services to DRBs and any new data for a new service will be sent via the default DRB within the PDU session. Thus, for the use cases of emergency, highPriorityAccess, mps-PriorityAccess, mcs-PriorityAccess, the per DRB configuration of SDT seems to provide sufficient granularity for the network to control SDT vs non-SDT access. 
Then, for rna-Update, there is no UP data anyway (i.e. only the CCCH message is sent). So, this message will anyway be included in the payload of MSG3 or MSGA and hence SDT is not relevant as such for this use case. However, one open question is whether the rna-Update may be sent via CG resource. Note that for this discussion, only the periodic RNA Update is relevant since rna-Update due to cell change is anyway not applicable to CG solution. Given that the target of CG based solutions is really for stationary UEs, it seems periodic RNA update is also not really something that needs to be configured for such UEs anyway. So, based on this, it seems we can conclude that rna-Update is not relevant for SDT. 
The only remaining cause then is the mt-Access and for this case, the network can anyway initiate the SDT using the subsequent data transmission phase. i.e. once the UE sends the initial UL CCCH message indicating mt-Access, the network can schedule the subsequent DL packets without moving the UE to connected if necessary. Thus, there is no need to discuss this issue any further either. 
Based on the above, we can conclude that there is no need for any further criteria apart from the agreed per DRB configuration of SDT. 
Proposal 1: The per-DRB configuration of SDT provides enough flexibility for the network to control the SDT access for the UE and SDT is applicable to all Resume causes (i.e. no further RESUME cause based restriction is needed for SDT). 
· Additional RSRP Criteria 
Then, the next issue is whether we need any radio quality related criteria, such as the RSRP, etc for the UE to initiate SDT. For this, the discussion can be separated for RACH CG since RACH type selection already includes RSRP criterion whereas for CG, this needs to be discussed. 
For RACH, currently the UE performs the following actions:
1) Carrier selection (using RSRP threshold), to select between UL vs SUL
2) RA-Type selection to select between 2-step and 4-step RACH (amongst other criteria, an RSRP threshold is also used in this selection)
3) Preamble group selection (based on pathloss and payload size of the CCCH message)
4) Preamble selection (selected within the preamble group above)
For RACH-based SDT (RA-SDT in short), the first question then is whether any separate RSRP criterion is needed for SDT vs non-SDT access. Firstly, SDT is like any other normal RESUME procedure, with the only difference being that SDT is triggered by UL data arrival for some specific DRBs which have been configured for SDT by the network. Then, the main question is at what point during the RESUME procedure the network needs to know that the RESUME is for SDT use case. If MSG1 indicates that the RESUME is for SDT, then the advantage is that already at MSG3 stage, a different (potentially larger) payload size can be used for SDT. On the other hand, if MSG1 doesn’t indicate that SDT is for RESUME, then, the network may only know about SDT upon receiving the MSG3 (or MSGA payload in case of 2-step RACH). However, this will restrict the options for the network to configure flexible payload sizes tailored for SDT in MSG3/MSGA-payload. Thus, it seems it is preferable to know about SDT cause already at MSG1 level. Thus, the following proposal is made:
Proposal 2: MSG1 indicates SDT cause (i.e. the RO+preamble combination is unique for SDT vs non-SDT)
Once the above is agreed, then we have to design the preamble grouping within the RACH resources used for SDT. Then the question is whether the payload size configured for SDT should cover the entire cell range or whether it is restricted to only part of the cell. It should be noted that the intention of SDT procedure is to allow transmission of UL data not just in a single UL message but to allow subsequent data transfer. Thus, the network can configure a small TB size for one of the preamble groups corresponding to the SDT RACH resource and map the other preamble group(s) to larger payload sizes. If such restriction is acceptable (i.e. at least one preamble group is configured for to cover the entire cell range), then it seems there is no need for any further RSRP criterion to use for SDT vs non-SDT selection. 
Observation 1: If network can ensure that the TB size corresponding to at least one of the preamble groups within SDT RACH resources can cover the entire cell range, then there is no need for an additional RSRP criterion for SDT vs non-SDT selection
The advantage of having an additional RSRP threshold on the other hand is that the network can then optimise the size of the TB for MSG3/MSGA payload for larger payload sizes (with the assumption that UE can still use legacy RESUME procedure – i.e. non-SDT) if the coverage is not suitable. However, optimising the payload size for the first UL message is not critical in case of SDT since we have agreed to have subsequent data transmission. i.e. the network can still dedicate one preamble group (i.e. the preamble group associated with the smallest TB size) to cover the full cell range and still rely on subsequent data transmission for SDT in this case. Thus, it seems there is no need for additional RSRP criterion then to select SDT vs no-SDT. 
Observation 2: Given the existence of the subsequent data transmission phase for SDT, the network can associate one of the preamble groups to a payload size which is sufficient to cover the full cell range (and use the other preamble groups for larger payload sizes).

In addition, if CG resources are also configured in the cell and are valid, then the UE also needs to select between RA-SDT and CG-SDT. Generally, if valid CG resources exist, then the UE shall use those resources as these resources are dedicated to the UE. However, the CG resources may not be configured on all beams (i.e. SSBs) and the SSBs with a good RSRP may or may not have the CG resource associated with it. 
Thus, the UE may have to select between CG and RA based SDT based on the beam quality associated with the CG resources. If CG resource exists on a good beam, then UE may proceed with the CG and if not it can fall back to RACH based access for SDT. Thus, the following overall procedure is proposed when the UE initiates SDT access:
If one or more DRBs configured for SDT access have data (and no other DRBs have UL data), then UE shall:
1) Perform carrier selection (using the configured RSRP threshold) to select between UL vs SUL
2) If valid CG-SDT resources exist and if one or more SSBs with RSRP above a configured threshold contain the valid CG-SDT resources, then the UE shall select CG-SDT procedure;
3) Otherwise (i.e. there are no valid CG-SDT resources), the UE shall select RA-SDT procedure and proceed with RA-type selection
a. The UE shall then perform preamble group selection on the selected RA-Type (based on the pathloss and payload size criteria etc)
b. Finally, the UE shall select the preamble randomly within the selected preamble group and transmit the preamble and the associated first UL message as part of the RACH procedure
The overall procedure looks as shown in Figure 1 below.
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[bookmark: _Ref52444431]Figure 1: Overall procedure for SDT type selection for UL data arrival
Thus, the following proposal is made: 
Proposal 3: UL SDT is initiated upon UL data arrival for one or more DRBs configured for SDT (i.e. data is available only for these DRBs and no other bearers) and if the total data volume is less than a configured threshold.
· Upon initiating UL SDT, the UE first performs carrier selection between UL and SUL (same as legacy). 
· If on the selected carrier, one or more SSBs above a configured RSRP threshold with valid CG resources exist, CG-SDT is selected
· If CG-SDT is not selected in the above and if the cell supports RA-SDT, then the UE shall select RA-SDT
· If RA-SDT is selected, the UE shall first perform RA-type selection (using the legacy RSRP threshold for RA-type selection) and then it shall perform preamble group selection within the selected RA-type (using the pathloss criterion)
· If a new payload size is defined for MSG3/MSGA, then a corresponding pathloss criterion also is needed
[bookmark: _Hlk51940101] Switching from RA-SDT to non-SDT
Once SDT based access is initiated, then the first UL message will have been transmitted by the UE. If the first UL message is lost, then retransmissions are performed by the UE. In case of RA-SDT, configured number of retransmissions will be attempted by the UE before declaring RACH failure. Currently, the payload size of the MSG3/MSGA is not changed after the first UL message (this is to avoid rebuilding of the MSG3/MSGA payload). Thus, the following proposal is made: 
Proposal 4: For RA-SDT, after transmitting MSG3/MSGA:
· If the payload is received by the network: then the network can decide whether to switch the UE to CONNECTED state or not
· If the payload is not received then the UE performs retransmission(s) as part of the RA procedure and RA failure is declared after configured number of failures (i.e. no changes needed for legacy procedure)
· Switching from CG-SDT to non-SDT
For CG case, after the initial transmission of the first UL message over the configured UL resources, the network already knows the UE ID (since the resources are dedicated) and that an access attempt is made by the UE. Thus, further scheduling and decisions about moving the UE to full connected state can be totally left to network implementation. 
Proposal 5: For CG-SDT, after transmitting MSG3/MSGA the UE simply monitors the DL for further UL/DL scheduling and the decision whether to move the UE to full connected state or to continue with SDT is left to network 
One consequence of the above frame work is that there is no switching between RA-SDT and CG-SDT and vice versa. This in general makes sense since RA-SDT will have its own failure handling and CG-SDT will also define a failure handling mechanism (e.g. by triggering reestablishment when T319 expires after multiple CG-SDT retransmissions fail). Note that in both mechanisms, the failure handling only applies to the first UL message. Once the first UL message is received, then the network anyway will switch to dynamic scheduling. Further, if switching between different SDT schemes is allowed then we may also have to consider rebuilding of the payload and this will be complex and was avoided in earlier releases (e.g. for 2-step RACH). Given this, we propose that there is no switching between CG-SDT and RA-SDT.
Proposal 6: Switching between CG-SDT and RA-SDT (or vice-versa) is not supported
3. Cell reselection and failure handling
· Failure handling 
Currently, in case of RACH, the failure detection is based on the T319 timer and similar approach can be adopted for both RA-SDT and CG-SDT. However, one question is whether the T319 timer needs to be extended and if so, by how much. In general, the target should be to cover the round-trip time for any response messages in the other direction and to allow sufficient time for the subsequent data transfer phase. The round-trip time in general for typical applications is only in the order of a few 100s of milli seconds anyway. Thus, an extended T319 in the order of a few seconds would be more than sufficient to handle the RA-SDT phase. We propose to cover the range up to 10 sec. As in legacy, the extended T319 timer should cover the time between the first UL message and the RRC response message (i.e. either RRCRelease or RRCResume) in DL. 
The other alternative to the above is to use a new mechanism such as using a new timer which is restarted after each SDT UL/DL packet. However, such a mechanism will in theory extend the SDT phase indefinitely and as such is not the main target scenario for small data transmissions (which is meant to be for small and infrequent data bursts). Given the above, we think there should be an overall upper bound on the SDT phase and an extended T319 like timer should be used to control this. 
Proposal 7: T319 value range is extended with a configurable maximum value up to 10 sec to support SDT
Then, cell reselection is possible whilst T319 is running and if this happens the UE currently moves to IDLE mode. In case of RA-SDT, if this happens, loss-less data transmission cannot be ensured. If RAN2 agrees to solve this problem, then the first step is that the UE shall not move to IDLE mode (i.e. remain in INACTIVE state). Subsequently, upon reselecting to a new suitable cell, the UE can initiate new RACH procedure. The question then remains how the UE can recover the CP and UP links. For CP, the discussion is regarding the security context. One option here is to initiate reestablishment procedure. The UE can send reestablishment request to the network based on the stored security material. Assuming that the network can retrieve the security context based on the stored security material, the reestablishment will succeed and in this case, the SDT procedure can continue after UP is restored. However, if the network cannot retrieve the UE context based on the reestablishment request, then the network will send the fallback (i.e. RRCSetup) and in this case, it can be left up to the UE implementation to minimise the datal loss and interruption to upper layers. 
In case of CG-SDT, if cell reselection happens whilst the T319 is running, the CG resources are released by the UE. Then, recovering UP data would need the UE to switch to RA based SDT procedure. Thus, we can reuse the above mechanism (i.e. to rely on reestablishment procedure) even for CG-SDT if cell reselection happens during SDT procedure. Thus the following proposal is made
Proposal 8: For RA-SDT and CG-SDT, upon cell reselection during SDT, the UE remains in INACTIVE state and initiates reestablishment procedure using the stored security material. If the reestablishment succeeds, the SDT procedure can continue in new cell and if reestablishment fails (i.e. RRCSetup received), then it is up to higher layers to recover any lost or out of order data packets.
4. Handling of SCG resources
As noted in the WID, the target use case of SDT is the small and infrequent data transmissions. Thus, use of SCG resources for SDT is not beneficial. Hence, only the DRBs with MCG path may be configured for SDT by the network. Further, the UE may keep the SCG configuration and path for the DRBs but the UE shall not resume the SCG path upon initiating SDT. Of course, if the network moves the UE to connected mode, then, the SCG path may be fully restored and resumed per the legacy mechanism. Based on this the following proposals are made: 
Proposal 9: The network only configures the DRBs with MN terminated DRB with MCG path for SDT
Proposal 10: Upon initiating SDT procedure, the SCG configuration will be stored in the UE (i.e. same as legacy) but the SCG path will not be resumed until the UE receives RRCResume message
5. Support of RRC-Less
At RAN2#111e, it was agreed to study RRC-less for limited use cases (e.g. same serving cell and/or CG) with a lower priority. As analysed in [2], RRC-less approach has limited applicability and is an optimisation for a special case when there is no cell change. Further, specification of an optimization for a solution in the first release of standardizing a feature is not usual. Given this, we propose to specify only one solution for SDT in Rel-17. 
However, if RAN2 agrees to support RRC-less solution, we should at least ensure that the solution with and without RRC are not too divergent. To ensure this, we think the following framework for RRC-less can be considered further (but only if RAN2 agrees to specify this solution in Rel-17): 
· For the security framework, the same framework is used as the RRC-based solution: 
· The stored security material in the INACTIVE context of the UE is used to generate the integrity protection token (i.e. short-MACI) and is included in the first UL message sent over CG
· New security key is generated based on the stored security context like in RA-SDT case and this is used for encrypting and/or integrity protection of data
· The UAC framework is applicable as in RA-SDT and the resume cause may be included in the first UL message
· MAC CEs are defined to carry the contents that are normally included in the CCCH message (i.e. short-MACI, resumeCause etc)
· No RRC-message is included in the first UL message but the UE can still receive an RRC-message in DL in response to the first UL UP message (i.e. the control procedure for RRC-based and RRC-less are unified after the first UL message)
· The RRC-less approach can be applied to both RACH and CG based solutions as long as the UE resumes in the same cell in which it was moved to RRC-INACTIVE (i.e. only for no cell change case)
· Network shall be under control of whether the UE shall use RRC-less approach or not (e.g. via indication in system information or via dedicated configuration – details TBD)
Based on the above, the following is proposed: 
Proposal 11: RAN2 should continue to focus on RRC-based solution in Rel-17 for SDT (i.e. the RRC-based SDT)
Proposal 12: RAN2 should only consider RRC-less solution if time is left after specifying RRC-based solution and in this case, the RRC-less solution should adopt the same security and UAC framework as in RRC-based solution and ensure that network is in control of state transitions (i.e. UE shall be able to receive an RRC message in DL even if there is no RRC message included in the first UL message). 
6. Conclusion and proposals
The CP aspects of SDT are discussed in this contribution and the following observations and proposals are made: 
Observation 1: If network can ensure that the TB size corresponding to at least one of the preamble groups within SDT RACH resources can cover the entire cell range, then there is no need for an additional RSRP criterion for SDT vs non-SDT selection
Observation 2: Given the existence of the subsequent data transmission phase for SDT, the network can associate one of the preamble groups to a payload size which is sufficient to cover the full cell range (and use the other preamble groups for larger payload sizes).
Proposals: 
Proposal 1: The per-DRB configuration of SDT provides enough flexibility for the network to control the SDT access for the UE and SDT is applicable to all Resume causes (i.e. no further RESUME cause based restriction is needed for SDT). 
Proposal 2: MSG1 indicates SDT cause (i.e. the RO+preamble combination is unique for SDT vs non-SDT)
Proposal 3: UL SDT is initiated upon UL data arrival for one or more DRBs configured for SDT (i.e. data is available only for these DRBs and no other bearers) and if the total data volume is less than a configured threshold.
· Upon initiating UL SDT, the UE first performs carrier selection between UL and SUL (same as legacy). 
· If on the selected carrier, one or more SSBs above a configured RSRP threshold with valid CG resources exist, CG-SDT is selected
· If CG-SDT is not selected in the above and if the cell supports RA-SDT, then the UE shall select RA-SDT
· If RA-SDT is selected, the UE shall first perform RA-type selection (using the legacy RSRP threshold for RA-type selection) and then it shall perform preamble group selection within the selected RA-type (using the pathloss criterion)
· If a new payload size is defined for MSG3/MSGA, then a corresponding pathloss criterion also is needed
Proposal 4: For RA-SDT, after transmitting MSG3/MSGA:
· If the payload is received by the network: then the network can decide whether to switch the UE to CONNECTED state or not
· If the payload is not received then the UE performs retransmission(s) as part of the RA procedure and RA failure is declared after configured number of failures (i.e. no changes needed for legacy procedure)
Proposal 5: For CG-SDT, after transmitting MSG3/MSGA the UE simply monitors the DL for further UL/DL scheduling and the decision whether to move the UE to full connected state or to continue with SDT is left to network 
Proposal 6: Switching between CG-SDT and RA-SDT (or vice-versa) is not supported
Proposal 7: T319 value range is extended with a configurable maximum value up to 10 sec to support SDT
Proposal 8: For RA-SDT and CG-SDT, upon cell reselection during SDT, the UE remains in INACTIVE state and initiates reestablishment procedure using the stored security material. If the reestablishment succeeds, the SDT procedure can continue in new cell and if reestablishment fails (i.e. RRCSetup received), then it is up to higher layers to recover any lost or out of order data packets.
Proposal 9: The network only configures the DRBs with MN terminated DRB with MCG path for SDT
Proposal 10: Upon initiating SDT procedure, the SCG configuration will be stored in the UE (i.e. same as legacy) but the SCG path will not be resumed until the UE receives RRCResume message
Proposal 11: RAN2 should continue to focus on RRC-based solution in Rel-17 for SDT (i.e. the RRC-based SDT)
Proposal 12: RAN2 should only consider RRC-less solution if time is left after specifying RRC-based solution and in this case, the RRC-less solution should adopt the same security and UAC framework as in RRC-based solution and ensure that network is in control of state transitions (i.e. UE shall be able to receive an RRC message in DL even if there is no RRC message included in the first UL message). 
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