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1. Introduction
In this contribution, we would like to discuss some user plane issues in the following aspects:
- Overall procedure of SDT
- Data volume calculation
- Handling of PDCP status report

- PHR procedure in SDT

- Support of RLC failure
- LCH restriction in SDT
2. Discussion 
2.1 Overall procedure of SDT
During RAN2#113bis e-meeting, the selection procedure of SDT has been discussed both online and over email discussion. Agreements were achieved as follows:                
	Agreements:

1 RSRP threshold is used to select between SDT and non-SDT procedure, if configured (RSRP refers to the same RSRP measured for carrier selection).

2 RSRP threshold to select between SDT and non-SDT procedure is used for both CG-SDT and RA-SDT

3 RSRP threshold to select between SDT and non-SDT procedure is same for both CG-SDT and RA-SDT

4 RSRP threshold for carrier selection is specific to SDT (i.e. separately configured for SDT).  This is optional for the network.  

5 Confirm that cell selection mechanism is not modified 

6 RSRP threshold for RA type selection is specific to SDT (i.e. separately configured for SDT)

7 Data volume threshold is the same for CG-SDT and RA-SDT (can be checked further in stage 3 if we obtain majority support)

8
FFS on the order and missing pieces (e.g. failure, fallback) of the high level procedure.  The details of the procedures are left for stage 3.  FFS on the procedure below, but copied for information.


A.  Upon arrival of data only for DRB/SRB(s) for which SDT is enabled, the high level procedure for selection between SDT and non SDT procedure is as follows:


If CG-SDT criteria is met: UE selects CG-SDT. UE initiate SDT procedure


Else if RA-SDT criteria is met: UE selects RA-SDT. UE initiate SDT procedure


Else: UE initiate non SDT procedure.


B. CG-SDT criteria is considered met, if all of the following conditions are met,

1) available data volume <= data volume threshold

2) RSRP is greater than or equal to a configured threshold

FFS 3) CG-SDT resources are configured on the selected UL carrier and are valid

C. RA-SDT criteria is considered met, if all of the following conditions are met,

1) available data volume <= data volume threshold

2) RSRP is greater than or equal to a configured threshold

3) 4 step RA-SDT resources are configured on the selected UL carrier and criteria to select 4 step RA SDT is met; or 2 step RA-SDT resources are configured on the selected UL carrier and criteria to select 2 step RA SDT is met


Based on the agreements that have been made so far, we would like to provide an overall procedure of SDT together with some issues that need to be further discussed.
2.1.1 Trigger of SDT
Several agreements were achieved regarding the conditions used for UE to determine whether to do SDT, which are listed as follows:
· Small data transmission is configured by the network on a per DRB basis.

· Data volume threshold is used for the UE to decide whether to do SDT or not.  
· RSRP threshold is used to select between SDT and non-SDT procedure, if configured (RSRP refers to the same RSRP measured for carrier selection).
Therefore, SDT can be performed only when all data is coming from SDT-RBs as well as the potential data size to transmit is lower than the data volume threshold. If the RSRP threshold for the selection between SDT and non-SDT is configured, UE shall further evaluate whether the measured RSRP is above the configured RSRP threshold.
While the granularity of the RSRP threshold for SDT and non-SDT selection is not concluded, two options are discussed as below and they will have different impacts on the selection orders.
Option1: SDT/non-SDT RSRP threshold is configured per cell. In this option, UE uses this threshold to decide whether it is in the area where SDT can be performed, after which UE finds suitable resource to execute the procedure, i.e. carrier, SDT type.
Option2: SDT/non-SDT RSRP threshold is configured per carrier. In this option, UE shall perform carrier selection and then decide to do SDT or SDT based on the RSRP threshold configured for the corresponding carrier. 
In our understanding, it is RRC to determine whether SDT can be initiated since the behaviour of each AS layer to support SDT is controlled by RRC. While carrier selection is a procedure defined in MAC. If UE performs carrier selection after SDT is trigger by upper layer, there is a risk that UE can not perform SDT based on the RSRP threshold configured for the selected carrier. In this case, the procedure has to be cancelled which is not desirable from the modelling perspective.
Therefore, UE shall determine whether to do SDT based on the above three conditions at the initiation step, after which UE further selects the carrier, beam and SDT type in MAC.  
Proposal 1 UE selects between SDT and non-SDT at the initiation stage. It is the RRC layer to initiate an SDT procedure. 
Furthermore, it has been agreed that the RSRP threshold to select between SDT and non-SDT procedure is same for both CG-SDT and RA-SDT. In our understanding, if it is feasible only when the RA-SDT resources and CG-SDT resources are available simultaneously on a carrier, this RSRP threshold can be common since SSB level RSRP threshold can be applied to further select between RA-SDT and CG-SDT in the following step. But we would have another case that RA-SDT resources and CG-SDT resources are not available simultaneously on a carrier, for instance, the RA-SDT is configured on NUL but CG-SDT is configured on SUL for a specific UE, a common RSRP threshold may not be sufficient for the UE to make the determination. As depicted in the figure below, if UE intends to perform RA-SDT, the measured RSRP of UE shall be above the RSRP threshold B. Actually, SDT can be executed as long as its RSRP is above the RSRP threshold A since CG-SDT is available on SUL. In this case, we need two threshold configurations to help the UE make the selection between SDT and non-SDT.
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If RA-SDT resources and CG-SDT are configured independently on each carrier, we need to take multiple cases into discussion given that RA-SDT resources are common but the CG-SDT resources are configured per UE. The complicity of the procedure would increase and we may waste time on this miscellaneous issue. Therefore, we propose to introduce a restriction that the CG resource can only be configured on the carrier where RA-SDT resources are available, by which the overall selection orders would be simplified.
Proposal 2 CG resources are configured on the carrier where RA-SDT resources are available.
2.1.2 Resource selections after SDT is triggered
After SDT is triggered, UE shall perform a series of selections to find the suitable resources to execute the procedure, i.e. carrier, beam, type. From the modelling perspective, these steps are taken charged by MAC layer.
The carrier selection should be at the first place because the resources are basically configured on each carrier. As agreed, an RSRP threshold for carrier selection can be configured specific for SDT. If SDT resources are configured both on SUL and NUL, UE makes the carrier selection based on this RSRP threshold.
Another case is that UE is configured with both SUL and NUL but SDT resources are available on either. For this case, we think that UE can directly select the carrier with SDT configuration, with the assumption that the network can set the RSRP threshold for SDT and non-SDT selection according to where the SDT resources are available. For example, if the network configures the SDT resources only on NUL, the SDT/non-SDT RSRP threshold is set to a value to guarantee that UE can execute SDT on NUL if the threshold is met.
Proposal 3 If SDT resources are configure on either SUL or NUL, UE directly selects the carrier with SDT configuration. 
After the carrier to execute SDT is determined, UE further make the selection between RA-SDT and CG-SDT. According to the agreements we have made, CG resources would be configured per SSB. If the selected beam is configured with valid CG, UE shall turn to CG-SDT. The issue is whether the RSRP threshold for beam selection is common or separate between RA-SDT and CG-SDT. Considering that the CG resources are configured dedicatedly for a UE, the data size that can be accommodated in CG might be larger than that in Msg3/MsgA. In order to guarantee the transmission on CG, the qualified beam needs to be better than that used in RA-SDT. Therefore, we suggest that the RSRP threshold used for beam selection is configured  separately for RA-SDT and CG-SDT.
Proposal 4 The RSRP threshold for beam selection is configured separately for RA-SDT and CG-SDT.
Based on the discussion above, the selections would be as follows:
· If CG resources are configured on the selected carrier and at least one SS-RSRP is above the RSRP threshold used for CG-SDT beam selection among the SSBs configured with CG resources, UE selects one SSB with valid CG resources to perform CG-SDT. Otherwise, UE selects RA-SDT.
· If both 4-step RACH based SDT and 2-step RACH based SDT are configured, UE selects 2-step RA-SDT if the measured RSRP is above the configured RSRP threshold. Otherwise, UE selects 4-step RA-SDT. If only one type of RA-SDT resources are available, UE selects the configured one.
· After the type of RA-SDT is determined, UE selects an SSB with SS-RSRP above the RSRP threshold used for beam selection to perform RA-SDT. The SSB RSRP threshold can be common with non-SDT since the radio link quality has been checked by the SDT/non-SDT RSRP threshold.
· If there is no SSB meets the criteria, UE selects any SSB to perform RA-SDT. 
Proposal 5 If CG resources are available on the selected carrier, UE selects the SSB with SS-RSRP above the RSRP threshold used for CG-SDT among the SSBs configured with valid CG resources; elseif UE selects RA-SDT.
Proposal 6 The RSRP threshold for beam selection can be common between RA-SDT and non-SDT.
Proposal 7 For RA-SDT, if there is no SSB with SS-RSRP above the threshold for beam selection, UE selects any beam to perform RA-SDT.
2.1.3 Type switching in SDT
We have discussed whether to support the switching from CG-SDT to RA-SDT as well as the switching from SDT to non-SDT in email [POST113-e][501][SDT]. The agreements regrading these issues are as follows:

	Agreements:

9 Switching from SDT to non-SDT is supported.

10 FFS Switching from CG-SDT to RA-SDT is not allowed

11
UE switches from SDT to non-SDT in following cases:

-
Case 1 (27/0): UE receive indication from network to switch to non-SDT procedure. 

-

Network can send RRCResume. FFS whether network can send indication in RAR/fallbackRAR/DCI to switch to non-SDT procedure.

-
FFS Case 2 (18/9): Initial UL transmission (in msgA/Msg3/CG resources) fails configured number of times


For the switching from CG-SDT and RA-SDT, some companies think that it is possible that some of criteria for CG-based SDT become invalid during the CG-SDT procedure, e.g., no beam is qualified, TA timer expires, etc. Allowing the UE switch to RA-SDT procedure can recover the beam and TA. In our understanding, we think that type switching would introduce the MAC PDU rebuilding issue and these two situations that may make the CG resources invalid can be solved by other solutions.

- For the TAT may expires during CG-SDT, UE can restart the TAT when CG-SDT is triggered or network can explicitly indicate the UE to restart the timer with an updated TA.

- For the beam changes during the CG-SDT, beam management can be introduced in SDT if it is necessary. 
Therefore, we propose that switching from CG-SDT to RA-SDT is not supported.
Proposal 8 Switching from CG-SDT to RA-SDT is not supported.

For the switching from SDT to non-SDT, it was agreed that network can send an RRCResume message to indicate the UE to switch to non-SDT procedure. For other indications, such as RAR/fallback/DCI, we do not think there are use cases to support these. If the network has received the preamble/MsgA payload from the UE, why not directly send the RRCResume. In addition, these switching indications might bright MAC PDU rebuilding issues to UE.
Proposal 9 Besides the RRCResume message, indications such as RAR/fallback/DCI are not used to indicate the UE to switch to non-SDT. 
Another issue is whether UE can switch from SDT to non-SDT in cast that initial UL transmission fails configured number of times. To support this mechanism, MAC PDU rebuilding would be necessary, which is not expected according to the majority view. UE can keep trying the transmission until the T319-like timer expires so that we can have an unified failure handling mechanism for SDT.
Proposal 10 UE triggered SDT to non-SDT switching is not supported.
1.2 Data volume calculation
There is a remaining FFS regarding how to calculate the data volume when determining whether to do SDT. In LTE EDT, the description of this procedure is quoted as below:
TS 36.331
5.3.3.1b
Conditions for initiating EDT
OMITTED
1>
for mobile originating calls, the size of the resulting MAC PDU including the total UL data is expected to be smaller than or equal to the TBS signalled in edt-TBS as specified in TS 36.321 [6], clause 5.1.1;
1>
EDT fallback indication has not been received from lower layers for this establishment or resumption procedure;

NOTE 1:
Upper layers request or resume an RRC connection. The interaction with NAS is up to UE implementation.

NOTE 2:
It is up to UE implementation how the UE determines whether the size of UL data is suitable for EDT.
TS 36.321
5.1.2
Random Access Resource selection

The Random Access Resource selection procedure shall be performed as follows:

-
for BL UEs or UEs in enhanced coverage or NB-IoT UEs, if EDT is initiated by the upper layers:

-
if the message size (UL data available for transmission plus MAC header and, where required, MAC control elements) is larger than the TB size signalled in edt-TBS for the selected enhanced coverage level for EDT; or

-
if the PRACH resource associated with EDT for the selected enhanced coverage level is not available:

-
indicate to upper layers that EDT is cancelled;
It can be noticed that UE needs to determine whether the data size to transmit is larger than the configured data volume threshold twice in LTE PUR. The first evaluation is made by RRC before SDT is triggered. Since the radio bearers would not be resumed until SDT is initiated, layer interactions would be necessary for RRC to make this evaluation. The method is not specified in TS 36.331 and it is up to UE implementation to make the decision. After SDT is initiated, the message size needs to be re-evaluated in MAC since the data is able to be delivered down with radio bearers resumed. This procedure is necessary in LTE EDT because only one shot uplink transmission is supported. The evaluation made by RRC would not be proper without data flowing down, so it is up to MAC make sure whether all the data can be accommodated in the UL grant.
As discussed above, UE also needs to check the data volume before SDT is triggered. The question is how to perform this procedure. We think for the initiation stage, it is difficult to specify the method of how to calculate the data size to transmit without radio bearer resumed, so we suggest that the procedure in LTE can be simply reused.

Proposal 11 At initiation stage, it is up to UE implementation to determine whether the SDT data to transmit is not larger than the data volume threshold.

The next question is whether the data size to transmit needs to be double checked by MAC as specified in LTE EDT. In our opinion, since subsequent transmissions are supported in SDT, whether the actual data size is lower than the threshold is not as critical as that in LTE EDT.
Proposal 12 RAN2 to discuss whether to follow the same behaviour defined in LTE EDT to further check the data size to be transmit after SDT is initiated.
1.3 Handling of PDCP status report

	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  


Another unconcluded issue is how to deal with the PDCP status report generated when SDT is triggered. Based on current specification, a PDCP status report is triggered when the PDCP entity re-establishment is requested by the upper layer. The PDCP status report will be submitted to lower layers as the first PDCP PDU for transmission. Whether the DRB is requested to send a PDCP status report in uplink is configured by network, i.e. via statusReportRequired in PDCP-Config when the DRB is being setup or reconfigured.
Observation 1 If a DRB is configured by the network to send a PDCP status report in uplink, a PDCP report will be triggered when the PDCP entity establishment is requested by the upper layer.
PDCP status report is mainly used to notify the network of the downlink data reception status by UE, so that the network can perform efficient new transmission or re-transmission scheduling. The mechanim is beneficial for handover or re-establishement scnenario, where there is potential DL data transmissions. However, this is not the case of SDT. Before the PDCP entities are re-established when the SDT is initiated, no DL data will be received by UE. Therefore, PDCP status report in SDT is unnecassary, instead, it will occupy the UL transmission resources for user data.
Observation 2 There is no DL data reception after UE goes in RRC_INACTIVE. It is not necessary to generate the PDCP status report in reponse to the the PDCP re-establishment upon SDT is initiated.
In order to avoid the generation of PDCP status report in SDT, we propose to reconfigure the DRB by releasing the ‘statusReportRequired’ before UE enters to RRC_INACTIVE. For example, in order to ban the SDT DRBs to trigger the PDCP status report, the network can include the DRB reconfiguration parameters in RRCRlease or the reconfiguration is perform before RRCRelease. 
Proposal 13 The network reconfigures the PDCP-Config for SDT DRBs in order to not allowing the SDT DRBs to trigger PDCP status report.
1.4 PHR procedure in SDT

As agreed in last RAN2 meeting, PHR functionality is supported in SDT. For SDT, PHR is useful for the network to schedule the UL grant and/or perform the power control when there is subsequent data transmission, otherwise this information is not necessary. According to the LCP procedure defined in current specification, the PHR MAC CE has a higher priority than DTCH. Partial UL grant would be occupied by the PHR MAC CE, resulting that further UL scheduling is needed to transmit data. It is especially inefficient when the UL grant could accommodate all the buffered data without PHR MAC CE. 
In order to solve this problem, an additional decision procedure can be introduced for SDT as follows:

When the MAC entity has UL resources allocated for a new transmission and the Power Headroom reporting procedure determines that at least one PHR has been triggered and not cancelled, the UE needs to decide whether the all the buffered data can be accommodated in the allocated UL resources. 

· If the allocated UL resources can accommodate all the SDT data as a result of LCP, the UE cancels the triggered PHR(s).

· If the allocated UL resources can not accommodate all the SDT data but can accommodate the MAC CE for PHR plus its subheader, the UE instruct the Multiplexing and Assembly procedure to generate and transmit the PHR MAC CE based on the value reported by the physical layer.
Proposal 14 In SDT procedure, if there are PHR(s) triggered, PHR MAC CE is multiplexed in the MAC PDU if the availialbe UL grant can not accommodate all the buffered data but can accommodate the MAC CE of PHR plus its subheaders. Otherwise, UE accommodates all the buffered data in the UL grant and cancels all the triggered PHR(s).

1.5 RLC failure handling
In the email [AT113bis-e][501][SDT], whether the RLC failure handling should be supported for SDT was discussed but not concluded. According to current specification, the AM RLC entity shall indicate the upper layers that max retransmission has been reached in case “RETX_COUNT = maxRetxThreshold”. The upper layer would trigger RRC re-establishment procedure in response to this failure indication. Two options can be considered as proposed in the email.
Option1: Legacy RLC failure detection function can be reused. FFS the behaviour after failure is detected.

Option2: RLC failure detection is not supported in SDT. UE can re-try the transmission without maximum retransmission limitation until the T319-like timer expires.
In our understanding, if AM mode RLC is supported in SDT, RLC failure detection and retransmission mechanism to guarantee that data is lossless for AM DRBs shall be supported. However, we have not made any consensus on whether AM DRBs can be configured with SDT. We propose that RAN2 needs to first discuss what RLC modes can be supported in SDT, after which we would have a clear direction of whether RLC failure detection is necessary.

Proposal 15 RAN2 further discuss whether to support AM DRBs in SDT. 
Proposal 16 If AM DRBs are supported in SDT, RLC failure detection shall be supported.
1.6 LCH restriction

If RAN2 intends to modify the LCH restriction for SDT, RAN1 should be involved in because whether some restrictions are needed is determined by RAN1, i.e. allowedSCS-List, maxPUSCH-Duration. In order not to trigger further discussion in RAN1, we think we can simply keep the legacy, that is to keep the LCH restriction that used in RRC_CONNECTED.
Proposal 17 LCH restrictions used in RRC_CONNECTED is kept for SDT.
3. Conclusion
Based on the discussion we give the following observations and proposals:

Proposal 1 UE selects between SDT and non-SDT at the initiation stage. It is the RRC layer to trigger an SDT procedure. 

Proposal 2 CG resources are configured on the carrier where RA-SDT resources are available 
Proposal 3 If SDT resources are configure on either SUL or NUL, UE directly selects the carrier with SDT configuration. 

Proposal 4 The RSRP threshold for beam selection is configured separately for RA-SDT and CG-SDT.

Proposal 5 If CG resources are available on the selected carrier, UE selects the SSB with SS-RSRP above the RSRP threshold used for CG-SDT among the SSBs configured with valid CG resources; elseif UE selects RA-SDT.

Proposal 6 The RSRP threshold for beam selection can be common between RA-SDT and non-SDT.
Proposal 7 For RA-SDT, if there is no SSB with SS-RSRP above the threshold for beam selection, UE selects any beam to perform RA-SDT.

Proposal 8 Switching from CG-SDT to RA-SDT is not supported.

Proposal 9 Besides the RRCResume message, indications such as RAR/fallback/DCI are not used to indicate the UE to switch to non-SDT.
Proposal 10 UE triggered SDT to non-SDT switching is not supported.

Proposal 11 At initiation stage, it is up to UE implementation to determine whether the SDT data to transmit is not larger than the data volume threshold.

Proposal 12 RAN2 to discuss whether to follow the same behaviour defined in LTE EDT to further check the data size to be transmit after SDT is initiated.
Observation 3 If a DRB is configured by the network to send a PDCP status report in uplink, a PDCP report will be triggered when the PDCP entity establishment is requested by the upper layer.
Observation 4 There is no DL data reception after UE goes in RRC_INACTIVE. It is not necessary to generate the PDCP status report in reponse to the the PDCP re-establishment upon SDT is initiated.
Proposal 13 The network reconfigures the SDT DRBs in order to not allowing the SDT DRBs to trigger PDCP status report.
Proposal 14 In SDT procedure, if there are PHR(s) triggered, PHR MAC CE is multiplexed in the MAC PDU if the availialbe UL grant can not accommodate all the buffered data but can accommodate the MAC CE of PHR plus its subheaders. Otherwise, UE accommodates all the buffered data in the UL grant and cancels all the triggered PHR(s).

Proposal 15 RAN2 further discuss whether to support AM DRBs in SDT. 
Proposal 16 If AM DRBs are supported in SDT, RLC failure detection shall be supported.
Proposal 17 LCH restrictions used in RRC_CONNECTED is kept for SDT.
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