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Introduction
RAN2 #113bis-e meeting has made several agreements related to CP common issues of SDT.
Agreements
1	gNB can only configure MN terminated MCG bearer type for SDT	
2	Non-SDT radio bearers are only resumed upon receiving RRCResume (same as today)
3	Down-scope to two solutions (CCCH or DCCH) and ask SA3 about security issues (explain that CCCH message will be repeated in same cell and ask if there is a question)

Agreements:
1. SDT failure detection timer is started upon initiation of SDT procedure
2. T319 legacy is not started if RRCResumeRequest or RRCResumeRequest1 is transmitted for SDT
3. T319 legacy stop conditions also apply to SDT failure detection timer
4. RRC re-establishment procedure is not supported for SDT 

5	An LS is sent to SA3 to verify feasibility/impacts of re-using same NCC/I-RNTI value temporarily for RRC Resume procedure in new cell during SDT procedure (include same cell question from 502]
6	FFS - RAN2 to select between the following options for cell re-selection during ongoing SDT procedure next meeting: 1) UE transitions to IDLE, possibly performing high-layer retransmission (8/25); or 2) UE remains in INACTIVE and sends RRC Resume to new cell
7	FFS Upon SDT failure detection timer expiry, the same procedure as T319 expiry is used (e.g. transition to IDLE as in the case of expiry of the T319 timer and attempts RRC connection setup)  (18/8)

In this paper, we would like to discuss the open issues of SDT including CP aspects and provide our views.
Discussion
Subsequent data transmission and UE assistance information
In the NR SDT study, the subsequent transmission in UL and DL while keeping UE in RRC_INACTIVE should be supported. The RAN2 #113e has agreed that ‘RAN2 design assumes that RRCRelease message is sent at the end to terminate the SDT procedure from RRC point of view. The RRCRelease sent at the end of the SDT may contain the CG resource (as per previous agreement).’ Thus, UE should have chance to perform another SDT by using the configured CG resource which is received from the RRC release message at the end of previous SDT procedure. This mechanism is especially useful for some scenarios, for example, positioning report.
Observation 1: UE has chance to perform another SDT by using the configured CG resource which is received from RRC Release message at the end of one SDT procedure, which is useful for positioning report scenario.
RAN2 has agreed that BSR MAC CE could be transmitted in MSGA/Msg3/CG resource along with the user data in the first UL message. The buffer status information contained in BSR MAC CE indicates the amount of data that UE may already have. If there is no UE assistance information, network could not know what type of traffic patten UE will have in the near future, for instance, either one-shot or a multi-shot traffic, or more data may be arrived.
Observation 2: The buffer status report only reflects the amount of data that UE may already have. Network cannot know whether UE will have more uplink data without UE assistance.
Similar to CG resource request message, it is beneficial to allow UE sending assistance information in the first UL message via MSGA/Msg3/CG resource. Such UE assistance information is able to indicate UE’s current buffer status and also the traffic pattern. Based on the UE assistance information, network can provide the appropriate CG resource configuration in the RRC release message for UE to perform another SDT procedure if there is service requirement. Network may decide to transition UE to RRC_CONNECTED if the UE assistance information indicates potential large uplink traffic requirement that network thinks it is not suitable to be handled in the SDT.
Observation 3: The UE assistance information provides traffic pattern information which could assist network to provide appropriate CG resource configuration or transition UE RRC states.
Proposal 1: UE is allowed to send UE assistance information during RACH procedure to assist network for configuring CG resource in RRC Release message.
The UE assistance information (or CG resource request message) can be a new RRC message or reusing the legacy UE assistance information framework. 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 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, e.g., one-shot or multi-shot. The traffic pattern can also optionally include the periodicity of traffic and the amount of data for each traffic occasion.
Proposal 2: The UE assistance information contains at least the current buffer status, traffic pattern indication with one-shot or multi-shot, periodicity of traffic and estimated amount data of each shot.  

Handling data arrival for non-SDT DRBs
For SDT DRBs, UE is allowed to inform the gNB by means of BSR reporting in the first UL message and gNB can make decision on how to procced. For non-SDT DRBs, if new data is arrived during the ongoing SDT procedure, how to inform network the data arrival and handle the newly arrived data should be studied. 
There should be two scenarios.
(1) Data arrived at non-SDT DRBs before first UL message in SDT procedure
If the new data is arrived at non-SDT DRBs before UE sending RRC Resume Request message, i.e. first UL message in the initiated SDT procedure, UE should perform legacy RRC resume procedure. The first UL message should contain the CCCH message only. Both the SDT DRBs and non-SDT DRBs are not resumed as the legacy procedure until UE receives the RRC response message from network.
Proposal 3: If data is arrived at non-SDT DRBs before the first UL message is sent in one SDT procedure, UE should perform legacy RRC resume procedure. 
(2) Data arrived at non-SDT DRBs in the subsequent data phase of the SDT procedure
If the new data is arrived at non-SDT DRBs during the ongoing SDT procedure, it is unclear whether the BSR could be triggered since MAC entity may not be aware of the data arrived at non-SDT DRBs. This is because it seems the data volume calculation functionality in the transmitting PDCP entity cannot be processed if the PDCP entity is suspended, hence MAC entity cannot have the visibility of data arrived at upper layer. Thus, per current specification, the BSR is not triggered for the newly arrived data in non-SDT DRBs during the ongoing SDT procedure.
Observation 4: The BSR is not triggered for the newly arrived data in non-SDT DRBs during an ongoing SDT procedure. 
In the previous RAN2 meetings, at least two solutions were studied and were also discussed in the email discussion ‘[Post114-e][507][SData] Non-SDT data arrival handling’, i.e. CCCH solution and DCCH solution. For CCCH solution, when data is arrived at non-SDT DRBs, the RRC resume request message will be sent again without receiving the RRC message response to the first resume request message of the ongoing SDT procedure. Such repeated CCCH message might have impact on SA3 or CT1 and we believe more discussions are needed. For example, it is unclear how to identify whether the second CCCH message is from an attacker or even UE might send the third or more CCCH message before RRC responses which will confuse network on how to response UE from the security point of view. In addition, the repeated CCCH message might cause issue for the anchor relocation case since the context may be already relocated to the receiving gNB when the repeated CCCH is sent to anchor gNB based on the I-RNTI. Therefore, the CCCH solutions seems to be complicated, and needs involve more studies with other WGs.
For DCCH solution, UE sends an indication to inform network the data arrived at non-SDT DRBs. Network could trigger UE to transition to RRC_CONNECTED state after receives this indication, and then UE sends the BSR in the RRC_CONNECTED as legacy. In our view, both MAC CE and DCCH solution are workable. And we think the MAC CE reliability seems not a big issue. There are already lots of MAC CE specified in the MAC spec, and we also believe it should be the rare case. If the reliability issue happens, UE could perform legacy RRC resume procedure to RRC_CONNECTED right after UE finishes the ongoing SDT procedure.
In the email discussion ‘[Post114-e][507][SData] Non-SDT data arrival handling’, the CCCH solution and DCCH solution had a sufficient study and comprehensive comparison. The DCCH solution is obviously simpler and has less spec impact compared to the CCCH solution. The CCCH solution needs more additional work not only in RAN2 but also in other WGs, i.e., RAN3/SA3/CT1. We don’t observe CCCH solution can provide additional benefit over the DCCH solution.
Proposal 4: For the data arrival at non-SDT DRBs in the subsequent data phase of the SDT procedure, a new MAC CE or a DCCH message as the indication to network should be introduced. 
When detecting the newly arrived data in non-SDT during ongoing SDT in DCCH solution, NAS layer may trigger a new request for UE transition to the RRC_CONNECTED and this new request will trigger AS layer to generate and send DCCH message. But for this perspective, it should depend on CT1 reply for further clarification. 
For the DCCH solution, it could be a new RRC message at least including the RB IDs and optional data volume of the RBs which has newly arrived data. The existing RRC message, such as UE assistance information can also be considered. But new IEs including the similar information should be added into the existing RRC message.
Proposal 5: For DCCH solution, the DCCH message can be an existing RRC message with new IEs or a new RRC message at least including the RB IDs and optional data volume of the RBs which has newly arrived data.

Handling of SDT failure detection timer and cell reselection for SDT
In RAN2 #103bis-e meeting, the new timer for SDT, i.e. SDT failure detection timer, has been discussed and made some progress. RAN2 has agreed that SDT failure detection timer should be started upon initiation of SDT procedure and the stop condition of legacy T319 timer should be applied to the SDT failure detection timer. Regarding the start of SDT failure detection timer, RAN2 didn’t made any conclusion, and there are two options for further discussion. The option 1 is to start the timer when RRC resume request message is sent and the timer is extended to accommodate the whole SDT duration. The option 2 proposes to (re)start upon each (re)transmission or reception of small data.
For the option 1, the SDT failure 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 relative 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.
For the option 2, the SDT failure 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 duration is up to the network configuration. But option 2 (re)starts the timer when UE transmits or receives the small data in lower layer. Such mechanism may require the interaction between RRC layer and MAC layer which is not preferable.
Since the purpose of new timer is to detect the small data transmission failure and the stop condition of timer is specified in RRC layer, we think option 1 is relative simpler.
Proposal 6: The SDT failure detection timer starts if RRC resume request message is transmitted for SDT. 
Another open issue related to SDT failure detection timer is to consider cell-selection during ongoing SDT. The RAN2 #113bis-e and the email discussion ‘[Post114-e][507][SData] Non-SDT data arrival handling’ have discussed whether UE should transition to IDLE or still keep UE in INACTIVE and perform RRC resume in new cell.
In the legacy 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 NR SDT, the similar approach could 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 5: 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 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 6: 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 was proposed. 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 7: It may cause large complexity on both network and UE to keep UE in RRC_INACTIVE and handle the data loss for 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.

CP data over SDT
In the RAN2 #113e meeting, whether to support transmitting Positioning reporting in the SDT framework or not was discussed and the following working assumptions have been made.
Working assumption 
1. Support configuring of SRB1 and SRB2 for small data transmission for carrying RRC and NAS messages.
2. Upon initiating RRC Resume procedure for SDT initiation (i.e. for first SDT transmission), the UE shall also resume SRB2 that is configured for SDT, in addition to SDT DRBs that are configured for SDT
3. RAN2 recommends to include SRB2 in WID

In the RAN plenary #91e meeting, the updated working scope has been approved in [1]. 
Specify configuring of SRB1 and SRB2 for small data transmission in RRC_INACTIVE state by reusing the framework for DRBs.
In current SDT for DRBs framework, the user data arrived at DRBs can trigger SDT procedure if certain criteria are fulfilled. According to the working assumptions made in RAN2 #113e meeting, UE may also resume SRB2 which is configured for SDT in addition to SDT DRBs if NAS message is arrived at SRB2. Thus, UE could transmit the CP data via SRB2 to network in the SDT procedure.
Meanwhile, it seems it is not the common use case that both the positioning information message and user data arrive at the same time. They should be independent issues and it would be quite a coincidence. Therefore, it is quite inefficient to let positioning information message be stored in the buffer to wait for arrived data at DRB to trigger SDT. It makes no sense to only rely on DRB trigger SDT and then carry the CP data in SRB2.
Observation 8: According to the WID update, using SRB2 for small data transmission in RRC_INACTIVE should be specified. 
Therefore, if positioning information message is arrived at the UE buffer and no user data in SDT DRB at the same time, the SDT procedure should be triggered if certain criteria are fulfilled. When SRB SDT is triggered, SRB 1 and SRB2 should be resumed.
Proposal 8: Similar to SDT for DRB, small data transmission can be configured by network on a per SRB basis. 
Proposal 9: The NAS PDU arrived at SRB is able to trigger small data transmission.
Conclusion
We have the following observations, and we’d recommend RAN2 to discuss and adopt the following proposals:
Subsequent data transmission and UE assistance information
Observation 1: UE has chance to perform another SDT by using the configured CG resource which is received from RRC Release message at the end of one SDT procedure, which is useful for positioning report scenario.
Observation 2: The buffer status report only reflects the amount of data that UE may already have. Network cannot know whether UE will have more uplink data without UE assistance.
Observation 3: The UE assistance information provides traffic pattern information which could assist network to provide appropriate CG resource configuration or transition UE RRC states.
Proposal 1: UE is allowed to send UE assistance information during RACH procedure to assist network for configuring CG resource in RRC Release message.
Proposal 2: The UE assistance information contains at least the current buffer status, traffic pattern indication with one-shot or multi-shot, periodicity of traffic and estimated amount data of each shot.  

Handling data arrival for non-SDT DRBs
Proposal 3: If data is arrived at non-SDT DRBs before the first UL message is sent in one SDT procedure, UE should perform legacy RRC resume procedure. 
Observation 4: The BSR is not triggered for the newly arrived data in non-SDT DRBs during an ongoing SDT procedure. 
Proposal 4: For the data arrival at non-SDT DRBs in the subsequent data phase of the SDT procedure, a new MAC CE or a DCCH message as the indication to network should be introduced. 
Proposal 5: For DCCH solution, the DCCH message can be an existing RRC message with new IEs or a new RRC message at least including the RB IDs and optional data volume of the RBs which has newly arrived data.

Handling of SDT failure detection timer and cell reselection for SDT
Proposal 6: The SDT failure detection timer starts if RRC resume request message is transmitted for SDT. 
Observation 5: 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 6: It can be up to UE implementation to recover the lost data if any.
Observation 7: It may cause large complexity on both network and UE to keep UE in RRC_INACTIVE and handle the data loss for 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.

CP data over SDT
Observation 8: According to the WID update, using SRB2 for small data transmission in RRC_INACTIVE should be specified. 
Proposal 8: Similar to SDT for DRB, small data transmission can be configured by network on a per SRB basis. 
Proposal 9: The NAS PDU arrived at SRB is able to trigger small data transmission.
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