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1 Introduction
In the previous RAN2 meeting, R17 SDT WI was discussed and following agreements are reached. 
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.  
	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




In this contribution, we provide our consideration in the control plane aspects for the RRC-based SDT procedure. 
2 Discussion

2.1 Issue 1: UE operation to trigger the SDT procedure or legacy resume procedure
As agreed in last RAN2 meeting, RRCResumeRequest message will be transmitted in the first UL transmission in the SDT procedure. Therefore, upon the uplink data arrival, UE RRC layer will consider whether to select the SDT procedure to legacy RRC Resume procedure. 
Observation 1: For RRC based SDT procedure, it’s RRC layer to make the decision whether to trigger the SDT procedure or legacy RRC Resume procedure.
Since RRCResumeRequest will be carried in the first UL transmission in both legacy resume procedure and SDT procedure. NW needs to distinguish the two cases. For the access with SDT purpose, NW may allocate the resource and configuration for the subsequent transmission. Therefore, a new resume cause should be introduced for the SDT access purpose. 
During the discussion in last RAN2 meeting, companies thought the legacy resume procedure and SDT procedure can be distinguished by the different RACH resources. But in one cell it may support different RACH types for different purposes, e.g. CBRA and CFRA, 2-step RACH, 4-step RACH, for legacy initial access and for SDT access. For each RACH resource it may be configured with two preamble groups. With the PRACH resource and preamble division, the cell specific RACH resource may consume lots of PRBs or the subset of the RACH resource for different purposes may be too limited to impact the RACH performance (e.g. delay, congestion). If the PRACH resources for SDT and legacy procedure can not share the same PRACH resource, the RACH resource may be cut into pieces, which may increase the delay for each usage. Therefore, we should allow the legacy and SDT access share the same PRACH resource to improve the PRACH resource efficiency. 
With the shared PRACH resource, we need the new cause value to help NW distinguish the different access purposes. 

Proposal 1: The new cause value (i.e. SDT) is introduced in RRCResumeRequest message to indicate the SDT access. 
If the SDT feature is enabled in both UE and NW side, Figure-1 provides the simplified and unified framework for the legacy resume and SDT procedure selection upon the uplink data arrival. 
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Figure-1. UE operation upon uplink data arrival
Upon the UL data arrival, UE first evaluates whether to trigger SDT procedure or legacy resume procedure
· UE will trigger the SDT procedure if following conditions are fulfilled:

· The associated LCH/DRB is configured for SDT configuration

· The available data amount < configured threshold

· The radio quality > threshold

· If the condition is not fulfilled,

· 
UE will trigger legacy resume procedure
If the SDT procedure is triggered, following is the UE’s operation: 
· If UE is configured with the SDT feature, if the SDT condition is fulfilled, UE RRC triggers the SDT procedure, and set the resume cause = SDT 
· UE selects the SDT resource (PRACH, pre-configured PUSCH) for the first uplink transmission, and assemble the MAC PDU according to the TBSize:
· If the selected resource is not big enough to accommodate all the data, The MAC PDU includes the RRC message at least, in addition, includes part of the user data or BSR
Proposal 2: For RRC based SDT procedure, upon the uplink data arrival, UE RRC selects resume procedure or SDT procedure based on the condition evaluation (e.g. DRB, radio quality, data amount). 
Proposal 3: If RRC based SDT procedure is selected, UE should include the RRCResumeRequest message with the cause value = SDT in the first transmission. 
2.2 Issue 2: UE operation upon receiving the NW response message

For RRC-based SDT procedure, following the legacy procedure, NW can provide the UE different responses and transits the UE into the different RRC states. As we agreed in last RAN2 meeting, NW can also inform UE whether keep on the subsequent transmission in INACTIVE state. 
Following is all the potential cases and NW responses to the first UL transmission in the SDT procedure:
· Case 1> Go to IDLE by RRCRelease 

· Case 2> Go to legacy INACTIVE by RRCRelease with suspend config

· Case 3> Go to CONNECTED by RRCResume 

· Case 4> Go to CONNECTED from IDLE by RRCSetup

· Case 5> Keep in legacy INACTIVE state by RRCReject

· Case 6> Go to INACTIVE with subsequent data transmission by the RRCs tate indication in RRCResume
About the UE operation upon receiving the NW response, UE can follow the RRC message and enter the corresponding RRC state as legacy . But since there may be the user data transmission in the first uplink transmission together with the RRCResumeRequest message, the questions is how to understand the situation of the first user data reception in NW side (i.e. whether the data is successfully forwarded to CN or not). Following is our understanding:
· Case 1,2,3

In the three cases, since NW can identify this UE and fetch the UE’s context, it’s no problem for the NW to process the data and forward the UE’s data to CN. 
· Case 4,5

In the two cases, NW cannot fetch the UE context and identify the UE. Therefore, NW cannot process the user data in the first uplink transmission. Therefore, when UE receives the RRCSetup and RRCReject, it should regard the user data in the first UL transmission is not successfully received.  

· Case 6

It’s the new case and not supported in legacy procedure. Since the subsequent transmission in INACTIVE state is the UE dedicated scheduling and transmission, NW should provide the UE dedicated configuration to UE when NW decides to enable it. Since in legacy RRCResume message which is to set UE into CONNECTED mode the dedicated UE configuration can be contained in it, we can consider for NW to reuse the RRCResume message to enable the subsequent data transmission and set UE into the INACTIVE with data transmission state. In order to distinguish from the legacy RRCResume purpose, new indiation/configuration will be included in the message to explicitly tell UE which RRC state to go. Figure-2 provides the potential configuration and procedure for NW to start and stop the subsequent transmission in INACTIVE state via RRC signaling. 
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Figure-2. RRC procedure to enable/disable the subsequent transmission in INACTIVE
Based on above analysis, following are our proposals on the UE behaviors upon receiving the NW response.  
Proposal 4: For RRC based SDT procedure, when UE receives RRCRelease/RRCResume,  UE will regard the user data in the first UL transmission is successfully received in NW side.
Proposal 5: For RRC based SDT procedure, when UE receives RRCSetup/RRCRejecct, UE will regard the user data in the first UL transmission is unsuccesfully received in NW side.
Proposal 6: For RRC based SDT procedure, NW can explicitly indicate UE to start the subsequent transmission in INACTIVE via the RRCResume message, and to stop the subsequent transmission in INACTIVE via the RRCRelease message. 
2.3 Issue 3: Cell re-selection and failure handling 
With the subsequent data transmission introduced in the SDT procedure, it’s possible for INACTIVE UE to perform the cell re-selection and camp to another cell during the SDT procedure, as shown in Figure-3. 
The procedure is more like the UE Connection reestablishment procedure in the CONNECTED mode. Upon UE entring the new cell, in order to continue the data transmission, UE may trigger the SDT procedure again, as we discussed for issue 1 in section 2.1. When NW receives the UE request and data, the new accessed cell can try to find the UE context to continu the service transmission. 
Proposal 7: If it performs the cell-reselection during the SDT procedure, UE triggers the SDT procedure/resume procedure from the beginning in the new camped cell. 
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Figure-3. Cell change during the SDT procedure
2.4 Issue 4: RNA update 

For the periodical RNA update, it is controlled by RNA timer, and the purpose is to help understand the INACTIVE UE is still in current RNA.
During the SDT procedure, NW can receive UE’s data and identify UE in the RNA range, so there is no need to count the SDT period into account in the RNA Timer period. 
Proposal 8: Timer based RNA update procedure is supported in SDT-INACTIVE state, and UE operation is as below:
· When UE initiates the SDT procedure, UE stops the timer

· During the SDT procedure, UE cannot start the timer, i.e. the timer is not running;

· When the SDT procedure is terminated, UE starts the timer

· Upon the timer expiry, UE can trigger the the legacy resume procedure or trigger the SDT procedure. 
3 Conclusion
According to the analysis in section 2, we propose that:
Proposal 1: The new cause value (i.e. SDT) is introduced in RRCResumeRequest message to indicate the SDT access. 

Proposal 2: For RRC based SDT procedure, upon the uplink data arrival, UE RRC selects resume procedure or SDT procedure based on the condition evaluation (e.g. DRB, radio quality, data amount). 
Proposal 3: If RRC based SDT procedure is selected, UE should include the RRCResumeRequest message with the cause value = SDT in the first transmission. 
Proposal 4: For RRC based SDT procedure, when UE receives RRCRelease/RRCResume,  UE will regard the user data in the first UL transmission is successfully received in NW side.
Proposal 5: For RRC based SDT procedure, when UE receives RRCSetup/RRCRejecct, UE will regard the user data in the first UL transmission is unsuccesfully received in NW side.
Proposal 6: For RRC based SDT procedure, NW can explicitly indicate UE to start the subsequent transmission in INACTIVE via the RRCResume message, and to stop the subsequent transmission in INACTIVE via the RRCRelease message. 
Proposal 7: If it performs the cell-reselection during the SDT procedure, UE triggers the SDT procedure/resume procedure from the beginning in the new camped cell. 

Proposal 8: Timer based RNA update procedure is supported in SDT-INACTIVE state, and UE operation is as below:

· When UE initiates the SDT procedure, UE stops the timer

· During the SDT procedure, UE cannot start the timer, i.e. the timer is not running;

· When the SDT procedure is terminated, UE starts the timer

· Upon the timer expiry, UE can trigger the the legacy resume procedure or trigger the SDT procedure. 

