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Introduction
RAN2 #112e meeting has made several agreements related to NR small data transmission.
	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




The post meeting email discussion ‘[Post112-e][551][SDT] CG_RA_CommonAspects’ also focuses on discussing the common issues of CG based and RACH based solutions for NR small data transmission. In this paper, we would like to provide our view on the remaining issues of the control plane common aspects of NR small data transmission.
Discussion
Subsequent data transmission and indication
In the past RAN2 meetings, it has been agreed that the subsequent transmission of small data in UL and DL while keeping UE in RRC_INACTIVE should be supported. Furthermore, RAN2 has agreed that BSR could be transmitted in MSGA/Msg3 as buffer status indication along with the first user data to network. Network decides whether to transit UE to RRC_CONNECTED or keep UE in RRC_INACTIVE with more dynamic grant scheduling for the subsequent small data transfer.
However, in some cases, UE could not finish small data transfer within RACH procedure. For example, 
· Network could not know what type of small data traffic patten UE may have in the near future, for instance, either a one-shot traffic or a multi-shot small data traffic, or more data UE may have in the near future. For the multi-shot traffic pattern, the traffic profile can be like this. UE sends the first object in the first uplink small data, and UE’s buffer becomes empty. Then network sends ACK in response to the UE’s first uplink data transmission. After a gap, UE’s application layer may generate more objects to send. In multi-shot traffic, after UE transmits the first uplink data within RACH procedure, network will not know whether UE may have more data to send or not after network sends the response.
· The PUSCH resource is contention based in the CBRA resource. If network configures the dedicated PUSCH resource to UE for small data transfer, it could reduce the transmission error for the user data, and further reduce the small data transfer latency and save the radio resources.
Observation 1: The buffer status report information could only reflect the current amount of data that UE may have.
Observation 2: After UE finishes the first uplink data transmission during RACH procedure, it is difficult for network to know whether UE has additional uplink data to send without UE assistance.
During post meeting email discussion ‘[Post112-e][551][SDT] CG_RA_CommonAspects’, how to handle the new uplink traffic arrivals in the subsequent data transmission phase was discussed. One option is that BSR would be triggered in the subsequent data transmission phase and this could subsequently trigger another RACH if there are no UL resource available which we don’t think it is feasible. 
In our understanding, since small data transfer happens on UE in the RRC_INACTIVE, SR resources are not available in the subsequent data transmission phase. If the new data arrives after the last network dynamic grant scheduling, there will be no further uplink grant to schedule UE for newly arrived data as well as the BSR reporting. It should be also noted that the whole RACH procedure handling the first uplink data may not be finished yet (i.e. network has not sent RRC message) when the new data is just arrived. In that sense, it is not desirable to trigger another RACH procedure while there is ongoing triggered RACH due to no SR resource to get more uplink grant for newly arrived uplink small data.
Observation 3: It is not desirable to trigger another RACH procedure while there is ongoing triggered RACH due to no SR resource to get more uplink grant for the newly arrived uplink small data.
On the other hand, in a typical TCP traffic, UE should send the TCP ACK to response the application feedback from network which may be available only after UE finishes the small data transmission. In this case, if BSR is triggered, UE has to perform another RACH procedure again to transmit the TCP ACK data right after the just finished RACH based SDT phase. It is obviously quite inefficient to repeat triggering another RACH to handle such small data just arrived with gaps.
Observation 4: It is inefficient to repeat triggering another RACH to handle the response message just after one RACH based SDT is finished. 
Thus, we have the following proposal.
Proposal 1: It is not feasible to trigger BSR in the subsequent data transmission phase if more uplink data arrives (with the gap to the first uplink small data) in the RACH based small data scheme.
It is beneficial to allow UE to send UE assistance information (or small data request message) in MSGA or Msg3 together with the first user data in RACH procedure. The small data request message is able to indicate UE’s current buffer status, and also provide traffic pattern to assist network to decide UE to continue the subsequent data transmission in RRC_INACTIVE or to transit UE to RRC_CONNECTED. Such small data request message actually could be the CG request message for the potential subsequent data transmission after the RACH.
Observation 5: The UE assistance information provides traffic pattern information which could assist network to make decision allowing UE to continue the subsequent uplink data transmission or to transit UE to RRC_CONNECTED.
When network receives the UE assistance information (or small data request message) in MSGA or Msg3 successfully, network schedules UE with dynamic grant for one-shot small data transfer. It could be up to network to decide the UE to continue operating in RRC_INACTIVE or to transit to RRC_CONNECTED if network believes it is not suitable for UE in RRC_INACTIVE to transmit a potential large data. Network could also configure an appropriate CG resource for UE subsequent data transfer after the RACH procedure. 
The configuration of CG resource for UE uplink small data transfer contained in RRC Release message has been agreed in the last RAN2 meeting. It is possible that UE selects RACH based small data transmission for the SDT initiation due to invalid TA. Based on UE assistance information, the CG resource is provided in RRC Release message in the MSGB/Msg4, so that UE could use the CG resource for the subsequent small data transmission.
Observation 6: It is possible that UE selects RACH based scheme for SDT initiation (i.e. the first SDT transmission) and use configured CG resource for subsequent small data transmission.
The UE assistance information could be sent along with the CCCH message as well as the optional user data if the whole MAC PDU can be accommodated into the granted resource in MSGA or Msg3.
Proposal 2: UE is allowed to send UE assistance information during RACH procedure to request network to configure CG resource for UE subsequent small data transfer.
If UE receives the CG resource from network, UE is able to transmit the subsequent uplink data without moving to RRC_CONNECTED. The rest procedure by using CG resource could be quite similar to the CG based small data transmission scheme.
Proposal 3: When UE receives the CG resource configuration during RACH procedure, UE sends the subsequent small data on the CG resource.
Figure 1 and Figure 2 show the examples of flows on RACH based small data transmission via 2-step or 4-step RACH with subsequent uplink data transmission respectively. 
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Figure 1 UL small data via 2-step RACH with subsequent UL data transmission
[image: ]
Figure 2 UL small data via 4-step RACH with subsequent UL data transmission

UE assistance information
The UE assistance information (or small data request message) can be an RRC message or new RRC parameters in the existing RRC message or a MAC CE. The assistance information could be quite similar to the CG request message for further subsequent small data transfer. The UE assistance information message should be able to provide the information such as the amount of data in the buffer and/or the future small data traffic profile (i.e. one or multiple). The following contents should be considered in the UE assistance information.
(1) Buffer status information, to indicate the amount of data UE may already have in the buffer;
(2) Small data traffic pattern, to indicate the type of small data traffic either one-shot or multi-shot traffic. The traffic pattern can also optionally include the periodicity of traffic arrival and the possible amount of data for each traffic occasion in case of a multi-shot traffic.
Proposal 4: The UE assistance information contains at least current buffer status, traffic pattern indication with one-shot or multi-shot, periodicity of traffic arrival and estimated amount data of each shot.  
Proposal 5: The UE assistance information can be RRC message or MAC CE.

Handling of T319 like timer and cell reselection for SDT
In the last RAN2 meeting, a new T319 like timer is agreed for SDT failure detection. It is FFS whether the definition is same/similar to the legacy T319 or the timer should be restarted after every UL/DL. 
Agreements
Define a new timer.  FFS whether it has the same definition as T319 or it is restarted every UL/DL

In the post meeting email discussion ‘[Post112-e][551][SDT] CG_RA_CommonAspects’, two options were discussed (shown below) but no consensus is achieved. 
Q 2.4.1: Which option do companies prefer for handling of the new timer?
Option 1: Extended T319 like timer
Option 2: Timer restarted after each UL/DL
[bookmark: _GoBack]For the option 1, the new timer is to extend T319 to assume the maximum length of the SDT has an upper bound. Once UE fails on data transfer, UE has to wait for a long time to detect the failure. On the other hand, the subsequent data transmission phase in SDT is variable and the total time that UE needs to retransmit the error packets is unpredictable. Hence, it is not feasible to have a time bounded SDT procedure.
For the option 2, the new timer works similar to the data inactivity timer. It is more flexible than option 1 and could enable the UE to detect failure earlier. The actual length of the SDT phase is up to the network. 
If we look at the definition of legacy T319 timer, the timer should start when RRC resume is sent, and stop when UE receives any RRC response message. The T319 timer aims to detect the RRC resume procedure failure. As long as UE receives the downlink response from network, the timer should be stopped.
In our understanding, the new timer should not be used to control how long the SDT procedure should take. If the intention of the new timer is to detect the failure, the new timer should start when RRC resume is sent, and the timer just stops when UE gets response from downlink. 
Proposal 6: The new T319 like timer should start when RRC Resume is sent, and the timer just stops when UE gets response from network.
In current RRC resume procedure, if T319 is running, the UE shall continue cell re-selection related measurements as well as performing cell re-selection evaluation. If cell re-selection occurs during T319 running, UE moves to RRC_IDLE. For the small data transfer scenario, the similar approach can be considered, i.e. UE moves to RRC_IDLE if cell re-selection occurs. 
We think there are several reasons. First, the small data transfer in RRC_INACTIVE will not take a long time. During the small data exchange between network and UE, the possibility of cell re-selection should be small. There should be large chance for UE to finish the small data transfer by using the configured resources on the camped cell.
Observation 7: Small data transmission in RRC_INACTIVE is not expected to take a long time and the possibility of cell re-selection during small data transfer should be small. 
Second, if UE needs to handle the cell re-selection while transmitting the uplink user data in RRC_INACTIVE, UE may temporarily stop the small data transfer before performing the cell re-selection procedure. After UE moves to RRC_IDLE and performs cell re-selection in a normal procedure, UE initiates to further transmit the rest of user’s small data in the new target cell, which seems to not result in data loss. Even the potential data loss happens, UE can recover the lost data from higher layers without any complexity and spec. change. Thus, we believe it is simpler to leave it up to UE implementation to recover the lost data if any.
Observation 8: It can be up to UE implementation to recover the lost data if any.
Some optimizations to keep UE in RRC_INACTIVE and recover the lost data during cell re-selection is proposed in the past meetings. If UE implementation can already handle this scenario well, we’d like to keep the whole small data transmission procedure simpler and we think such optimizations may cause large complexity on both network and UE side. 
The target cell should have different resource configuration from the current camped cell in terms of bandwidth, reference signal, security and configured grant resource. It will largely impact UE small data transmission without appropriate configuration if keeping UE in RRC_INACTIVE during cell re-selection. Therefore, we propose to keep the legacy procedure, i.e. UE moves to RRC_IDLE when cell-selection happens during small data transmission. 
Observation 9: It may cause large complexity on both network and UE to keep UE in RRC_INACTIVE and handle the data loss for uplink small data transmission during cell re-selection.
Proposal 7: Like the legacy procedure, UE moves to RRC_IDLE when cell re-selection happens during small data transmission.

Conclusion
We have the following observations:
Observation 1: The buffer status report information could only reflect the current amount of data that UE may have.
Observation 2: After UE finishes the first uplink data transmission during RACH procedure, it is difficult for network to know whether UE has additional uplink data to send without UE assistance.
Observation 3: It is not desirable to trigger another RACH procedure while there is ongoing triggered RACH due to no SR resource to get more uplink grant for the newly arrived uplink small data.
Observation 4: It is inefficient to repeat triggering another RACH to handle the response message just after one RACH based SDT is finished. 
Observation 5: The UE assistance information provides traffic pattern information which could assist network to make decision allowing UE to continue the subsequent uplink data transmission or to transit UE to RRC_CONNECTED.
Observation 6: It is possible that UE selects RACH based scheme for SDT initiation (i.e. the first SDT transmission) and use configured CG resource for subsequent small data transmission.
Observation 7: Small data transmission in RRC_INACTIVE is not expected to take a long time and the possibility of cell re-selection during small data transfer should be small. 
Observation 8: It can be up to UE implementation to recover the lost data if any.
Observation 9: It may cause large complexity on both network and UE to keep UE in RRC_INACTIVE and handle the data loss for uplink small data transmission during cell re-selection.
We’d recommend RAN2 to discuss and adopt the following proposals:
Proposal 1: It is not feasible to trigger BSR in the subsequent data transmission phase if more uplink data arrives (with the gap to the first uplink small data) in the RACH based small data scheme.
Proposal 2: UE is allowed to send UE assistance information during RACH procedure to request network to configure CG resource for UE subsequent small data transfer.
Proposal 3: When UE receives the CG resource configuration during RACH procedure, UE sends the subsequent small data on the CG resource.
Proposal 4: The UE assistance information contains at least current buffer status, traffic pattern indication with one-shot or multi-shot, periodicity of traffic arrival and estimated amount data of each shot.  
Proposal 5: The UE assistance information can be RRC message or MAC CE.
Proposal 6: The new T319 like timer should start when RRC Resume is sent, and the timer just stops when UE gets response from network.
Proposal 7: Like the legacy procedure, UE moves to RRC_IDLE when cell re-selection happens during small data transmission.
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