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1	Introduction
The WID of NR small data transmissions in INACTIVE state [RP-193252] defines the following objectives, which target mechanisms enabling UL small data transmissions (SDT) using either RACH procedures or pre-configured PUSCH resources.
	This work item enables small data transmission in RRC_INACTIVE state as follows: 
· For the RRC_INACTIVE state:
· UL small data transmissions for RACH-based schemes (i.e. 2-step and 4-step RACH):
· [bookmark: _Hlk26863976]General procedure to enable UP data transmission for small data packets from INACTIVE state (e.g. using MSGA or MSG3) [RAN2]
· Enable flexible payload sizes larger than the Rel-16 CCCH message size that is possible currently for INACTIVE state for MSGA and MSG3 to support UP data transmission in UL (actual payload size can be up to network configuration) [RAN2] 
· Context fetch and data forwarding (with and without anchor relocation) in INACTIVE state for RACH-based solutions [RAN2, RAN3]
Note 1: The security aspects of the above solutions should be checked with SA3
· Transmission of UL data on pre-configured PUSCH resources (i.e. reusing the configured grant type 1) – when TA is valid
· General procedure for small data transmission over configured grant type 1 resources from INACTIVE state [RAN2]
· Configuration of the configured grant type1 resources for small data transmission in UL for INACTIVE state [RAN2]
No new RRC state should be introduced in this WID. Transmission of small data in UL, subsequent transmission of small data in UL and DL and the state transition decisions should be under network control.



The following was agreed in RAN2#111e:

Agreements 
1 	Small data transmission with RRC message is supported as baseline for RA-based and CG based schemes  
2	RRC-less can be studied for limited use cases (e.g. same serving cell and/or for CG) with lower priority
3	Context fetch and data forwarding with anchor re-location and without anchor re-location will be considered.   FFS if there are problems with the scenario “without anchor relocation”. 
4	From RAN2 perspective, stored “configuration” in the UE Context is used for the RLC bearer configuration for any SDT mechanism (RACH and CG).
5	The 2-step RACH or 4-step RACH should be applied to RACH based uplink small data transmission in RRC_INACTIVE
6	The uplink small data can be sent in MSGA of 2-step RACH or msg3 of 4-step RACH.
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.  

The following was agreed in RAN2#112e:
	Agreements:
1   For small data, for RACH and CG based solutions when the UE receives RRC release with Suspend config, the UE at least performs the following actions (i.e. same action as in legacy): 
-	MAC is reset and default MAC cell group configuration is released 
-	RLC entities for SRB1 are re-established 
-	SRBs and DRBs are suspended except SRB0
NOTE: SDT termination will be discussed with later papers
2	For both RACH and CG based solutions, upon initiating RESUME procedure for SDT initiation (i.e. for first SDT transmission), the UE shall re-establish at least the SDT PDCP entities and resume the SDT DRBs that are configured for small data transmission (along with the SRB1). FFS for non-SDT DRBs. FFS on implicit vs. explicit.  FFS on whether we a new Resume cause.  FFS on whether we need to deal with suppressing PDCP status report 
3  	The first UL message (i.e. MSG3 for 4-step RACH, MSGA payload for 2-step RACH and the CG transmission for CG) may contain at least the following contents (depending on the size of the message):
-	CCCH message (needs to be included)
LCP can be used to determine to priority of the content below that may be included
-	DRB data from one or more DRBs which are configured by the network for small data transmission 
-	MAC CEs – (e.g. BSR).  FFS other MAC CEs 
-	Padding bits
	FFS if we need to ensure that SDT data only is included.  Depends on whether the UE initiates legacy/normal resume 
4	For RACH and CG, the existing UAC procedure to determine whether access attempt is allowed, will be reused for SDT.
5	SDT is transparent to NAS layer (i.e. NAS generates one of the existing resume causes and AS decides SDT vs non-SDT access)
6 	In case of RRC-based solution, for both RACH and CG based solutions, the CCCH message contains ResumeMAC-I generated using the stored security key for RRC integrity protection – i.e same as Rel-16.
7	For both RACH and CG based solutions, new keys are generated using the stored security context and the NCC value received in the previous RRCRelease message (i.e. same as legacy procedure) and these new keys are used for generating the data of DRBs that are configured for SDT.
8	For RACH based solutions, upon successful completion of contention resolution, the UE shall monitor the C-RNTI. 
9	Determine if RAN1 LS is needed later – current list of possible questions input on the coreset/search space for the C-RNTI (i.e. is it common or dedicated)
10:  As a baseline, the RACH resource i.e. (RO+preamble combination) is different between SDT and non-SDT 
-	If ROs for SDT and non SDT are different, preamble partitioning between SDT and non SDT is not needed.
-	If ROs for SDT and non SDT are same, preamble partitioning is needed
FFS if common configuration should be allowed
11:	If the RACH resource i.e. (RO+preamble combination) is different between SDT and non-SDT then there is no further need for any differentiation between MSG2/MSGB for SDT vs non-SDT






Agreements
Define a new timer.  FFS whether it has the same definition as T319 or it is restarted every UL/DL


Agreements:
1 The configuration of configured grant resource for UE uplink small data transfer is contained in the RRCRelease message.  FFS if other dedicated messages can configure CG in INACTIVE CG. Configuration is only type 1 CG with no contention resolution procedure for CG. 
2 The configuration of configured grant resource can include one type 1 CG configuration.  FFS if multiple configured CGs are allowed
3 A new TA timer for TA maintenance specified for configured grant based small data transfer in RRC_INACTIVE should be introduced.  FFS on the procedure, the validity of TA, and how to handle expiration of TA timer.  The TA timer is configured together with the CG configuration in the RRCRelease message.
4 The configuration of configured grant resource for UE small data transmission is valid only in the same serving cell.  FFS for other CG validity criteria (e.g. timer, UL/SUL aspect, etc)
5 The UE can use configured grant based small data transfer if at least the following criteria is fulfilled (1) user data is smaller than the data volume threshold; (2) configured grant resource is configured and valid; (3) UE has valid TA.  FFS for the candidate beam criteria.  
6 From RAN2 point of view:  An association between CG resources and SSBs is required for CG-based SDT.  FFS up to RAN1 how the association is configured or provided to the UE.  Send an LS to RAN1 to start the discussion on how the association can be made.   Mention that one option RAN2 considered was explicit configuration with RRC Release message
7 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.


In this paper, we discuss further control plane aspects for RACH-based SDT schemes 
2	Discussion

2.1	RRC level MSG3 / MSGA design
It was agreed to support SDT with RRC message which can include the uplink small data together with 2-step or 4-step RACH:

Agreements 
1 	Small data transmission with RRC message is supported as baseline for RA-based and CG based schemes  
5	The 2-step RACH or 4-step RACH should be applied to RACH based uplink small data transmission in RRC_INACTIVE
6	The uplink small data can be sent in MSGA of 2-step RACH or msg3 of 4-step RACH.

We think that RRC Resume Request can be used as Msg3/MsgA.
Proposal 1: RRC Resume Request (Msg3/MsgA) is used as a baseline for SDT. New RRC message can be considered if seen beneficial.

2.1	RRC level MSG4 / MSGB design
The network has to respond to the UE with MSG4/MSGB - to the payload received from the UE in MSG3/MSGA -  indicating the successful reception of the UL payload and provisioning the required information for the UE to continue operating in the RRC_INACTIVE state. For the latter, it is noted that the same information present in the RRCRelease message with Suspend Indication - defined to keep a UE in RRC_INACTIVE state - would be at least required by the UE in the SDT operation. The RRCRelease message with Suspend Indication indicates to the UE to remain in the RRC_INACTIVE state, provides a release cause, and refreshes security parameters such as NCC. The MAC-I and I-RNTI parameters may also be refreshed. It should be noted that by NW decision, at this phase, the NW may also bring the UE into RRC_CONNECTED mode, e.g., by sending RRCResume message to the UE.
Proposal 2: RRC Release message can be used as Msg4 / MsgB for SDT
In addition, the network response may also carry a DL payload for cases when the network may have DL data for the UE at the time of sending the response. For these cases, the DTCH (UP DL data) could be multiplexed with the DCCH (RRC message) in the MAC sublayer.
Proposal 3: Msg4 / MsgB can multiplex a ciphered downlink data with the RRC Release message.
It was agreed to support subsequent UL/DL data transmission for SDT:

Agreements 
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.  

Subsequent data transmission would be straight forward to perform using early contention resolution where contention resolution is completed on MAC level without RRC message. Subsequent UL/DL data could be scheduled using C-RNTI and after the data transfer is complete the UE can be sent back to RRC_INACTIVE with RRC Release message.
Proposal 4: Subsequent UL/DL data transfer can be completed before the network responses with RRC message to RRC Resume Request including small data
In some cases, new UL data may become available for transmission when SDT procedure is already ongoing i.e. after the UE has transmitted the first UL SDT transmission in MSGA or MSG3. In this case UE has no means to indicate the presence of new data, for instance, the UE has no Scheduling Request configuration that could be used for the purpose. It should be noted that new data is not necessarily suitable for SDT transmission which depends on the network configuration i.e. which data is configured for SDT.
Proposal 5: If data becomes available for non-SDT DRBs during SDT procedure the SDT procedure shall be aborted and normal RRC Resume shall be triggered 
	
[bookmark: _Hlk54129866]2.2	SDT configuration and scheme selection aspects 
In UP-EDT, the network broadcasts the maximum transport block size (TBS) that can be used for Msg3 [TS 36.321].  
Observation 2: The maximum allowed packet size - and the uplink data size when using RACH-based EDT has to be less than or equal to a TB size indicated in the system information.
According to the WID objective in RP-193252 flexible payload sizes should be supported for MSGA and MSG3:

	Enable flexible payload sizes larger than the Rel-16 CCCH message size that is possible currently for INACTIVE state for MSGA and MSG3 to support UP data transmission in UL (actual payload size can be up to network configuration) [RAN2]

We would like to confirm the above objective.
Proposal 6: The network can configure the payload size for both MSGA and MSG3.
We remark that for 2-step RACH-based SDT, the network has to provision also the PUSCH resources configurations for MsgA. Although broadcast information may be the typical means used by the network to provision configuration for RACH-based SDT, we see no reasons to prevent UE-specific configuration.
Proposal 7: Both dedicated and broadcast RACH configuration is supported for SDT.
Furthermore, the network may benefit from suspending the use of SDT temporarily e.g. when facing sudden congestion and requiring the resources for other services.
Proposal 8: RAN2 to discuss how to suspend temporarily the use of SDT.
It was agreed that network can configure DRBs for SDT:

Agreements 
7	Small data transmission is configured by the network on a per DRB basis 

It would be useful to allow transmission of signalling messages via SDT procedure to avoid RRC connection establishment which requires extensive signalling between the UE and network and it also may consume UE battery. For example, NAS signaling (e.g. tracking area update), UE assistance information, MDT reporting etc could be performed via SDT procedure. Therefore, we propose the following:
Proposal 9: Small data transmission can be configured by the network on a per SRB basis.
In NR, the mapping of QoS flows onto radio bearers in the UE is controlled by mapping rules configured by the gNB. The mapping rules are configured either explicitly via RRC signalling or implicitly via Reflective QoS (RQoS). With RQoS, the UE derives the uplink mapping rule from the information available in the downlink. All QoS flows for which no mapping rules are configured are mapped by default on a default DRB. As a result, the 5G QoS framework allows a mode of operation where: 1) a default DRB with radio protocols configured to provide a default QoS is used to carry the bulk of traffic; and 2) only QoS flows with specific requirements are dynamically (re)mapped onto dedicated DRBs as they appear, without involving 5GC. This greatly minimises the amount of signalling required and reduces control plane latency. Furthermore, because the number of QoS flows to deal with is typically very high, configuring mapping rules in advance is seldom possible. With RQoS, the allocation of radio bearers is still controlled by the network, but control plane signalling is limited to the setup of the bearers: explicit signalling of the mapping rules for the plethora of flows is not required.
Since SDT can suffer data losses (e.g. cell re-selection after SDT transmission), it is not desirable to use SDT for flows that cannot afford data losses. Even if one bearer was configured for SDT, the mapping of QoS flows onto that bearer would still need to be carefully controlled. Unfortunately, as explained above, the number of QoS flows to deal with is typically very high and pre-configuring the mapping is seldom possible. In other words, the agreed DRB level configuration for SDT is not sufficient to efficiently deal with the NR QoS framework which relies on QoS flows. Therefore, we propose:
Proposal 10: Small data transmission can be further configured by the network on a per QoS flow ID (QFI) basis.
It was left FFS whether to use additional SDT specific RSRP threshold:

Agreements 
	FFS if an “additional SDT specific” RSRP threshold is further used to determine whether the UE should do SDT

We think that it would be beneficial to avoid the transmission of the SDT data on the cell-edge, because handling all the error cases and data forwarding can be very complex. Therefore, we propose to use already existing “not-at-cell-edge threshold for SDT.
Proposal 11: “Not at cell edge” threshold specified for REL16 UE power saving is re-used for SDT purpose i.e. the UE is not allowed to use SDT at cell edge
It was agreed that Data volume threshold is used for the UE to decide whether to do SDT or not:

Agreements 
8	Data volume threshold is used for the UE to decide whether to do SDT or not.   FFS how we calculate data volume.  

In addition, there can be 3 different choices for UE data transmission i.e. normal procedure in RRC_CONNECTED, RACH based SDT and CG based SDT. It needs to be specified which procedure the UE shall use for data transmission. 
Proposal 12: It is specified which data transmission scheme the UE shall use in case all 3 choices are available i.e. normal procedure in RRC_CONNECTED, RACH based SDT and CG based SDT

4	Conclusion
The following proposals have been made:
Proposal 1: RRC Resume Request (Msg3/MsgA) is used as a baseline for SDT. New RRC message can be considered if seen beneficial.
Proposal 2: RRC Release message can be used as Msg4 / MsgB for SDT
Proposal 3: Msg4 / MsgB can multiplex a ciphered downlink data with the RRC Release message.
Proposal 4: Subsequent UL/DL data transfer can be completed before the network responses with RRC message to RRC Resume Request including small data
Proposal 5: If data becomes available for non-SDT DRBs during SDT procedure the SDT procedure shall be aborted and normal RRC Resume shall be triggered 
Proposal 6: The network can configure the payload size for both MSGA and MSG3.
Proposal 7: Both dedicated and broadcast RACH configuration is supported for SDT.
Proposal 8: RAN2 to discuss how to suspend temporarily the use of SDT.
Proposal 9: Small data transmission can be configured by the network on a per SRB basis.
Proposal 10: Small data transmission can be further configured by the network on a per QoS flow ID (QFI) basis.
Proposal 11: “Not at cell edge” threshold specified for REL16 UE power saving is re-used for SDT purpose i.e. the UE is not allowed to use SDT at cell edge
Proposal 12: It is specified which data transmission scheme the UE shall use in case all 3 choices are available i.e. normal procedure in RRC_CONNECTED, RACH based SDT and CG based SDT





