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1. Introduction
In this contribution, we would like to discuss some user plane issues in the following aspects:
- Selections and RSRP thresholds in SDT
- Data volume calculation
- Indication on PDCP re-establishment 
- Handling of PDCP status report
2. Discussion 
2.1 Selections and RSRP thresholds in SDT
During RAN2#113e meeting, the selection procedure of SDT has been discussed both online and over email discussion. Agreements were achieved as follows:                
Agreements:

1. FFS: RSRP threshold to select between SDT and non-SDT procedure. 

2. FFS also whether this RSRP threshold to select between SDT and non-SDT procedure is used for CG-SDT, RA-SDT, or both and whether the RSRP threshold is the same for CG-SDT and RA-SDT. FFS when the RSRP threshold check is made

3. FFS If both carriers can be selected and CG resources are available on one carrier only, does the UE select the carrier with CG?

4. For SDT, UE performs UL carrier selection (i.e. if SUL is configured in the cell, UL carrier selected based on RSRP threshold).  FFS whether the RSRP threshold for carrier selection is specific to SDT)

5. If CG-SDT resources are configured on the selected UL carrier and are valid, then CG-SDT is chosen.  Otherwise,

•
 If 2 step RA-SDT resources are configured on the UL carrier and criteria to select 2 step RA SDT is met, then 2 step RA-SDT is chosen

•
else If 4 step RA-SDT resources are configured on the UL carrier and criteria to select 4 step RA SDT is met, then 4 step RA-SDT is chosen

•
else UE does not perform SDT (i.e. perform non-SDT resume procedure) 

•
 If both 2 step RA-SDT and 4 step RA-SDT resources are configured on the UL carrier, RA type selection is performed based on RSRP threshold. 

-           FFS whether RSRP threshold for RA type selection is common or different for SDT and non SDT.

Discussions on the remaining FFS continued in [Post113-e][501][SDT]. Since we notice that the SSB selection is not covered in the email, it may not be enough to derive an overall procedure of SDT based on the involved questions. Therefore, we intend to provide a more comprehensive RRC-based SDT procedure in this contribution.

2.1.1 Selection between SDT and non-SDT
Agreements/work assumption regarding the conditions to selection between SDT and non-SDT are listed as follows:
Agreements made in RAN2#111e:
· 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.
Working assumption made in RAN2#113e:
· Support configuring of SRB1 and SRB2 for small data transmission for carrying RRC and NAS messages.
Therefore, when determining whether to initiate SDT, UE should at least be subject to the radio bearer configuration and the data volume threshold that are configured by the network. SDT is possible to be triggered only when all available data is coming from SDT-RBs as well as the potential data size to transmit is lower than the data volume threshold. 
The issue is whether the data volume threshold can be separately configured for RA-SDT and CG-SDT. Considering that the CG resources are UE-specific, the data size that can be accommodated in Msg3/MsgA and CG might be different. But the data volume threshold is supposed to indicate the total data size that is allowed to be transmitted in RRC_INACTIVE, including the first and subsequent transmissions, thus, a common data volume threshold is sufficient for the UE to evaluate whether the coming data is “small data”.
Proposal 1 The data volume threshold is common for RA-SDT and CG-SDT.
In [Post113-e][501][SDT], it is further discussed whether an RSRP threshold is used as one of the conditions to do SDT. Since a larger data size than RRCResumeRequest is expected to transmit, the data transmission would be more efficient with a better link quality. Regarding the granularity of this RSRP threshold, 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. There are two significant drawbacks of this solution:

1. UE might select a carrier where there is no SDT resources, for example, CG resources are only configured on SUL but the RSRP of UE is good enough to select NUL.
2. 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 would introduce unnecessary overhead. 
It is obvious that these two options are the same if there is only one carrier. But considering the difference for the case that both SUL and NUL are configured, we think Option1 is more desirable.
Proposal 2 Introduce an RSRP threshold for the selection between SDT and non-SDT. UE checks this threshold together with the radio bearer configuration and data volume threshold before SDT is initiated.
The other issue is whether this RSRP threshold is common or sperate between RA-SDT and CG-SDT. In our understanding, that depends on how the SDT resources are configured on each carrier. 
· If 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 steps.
· If 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 3 CG resources are configured on the carrier where RA-SDT resources are available.
2.1.2 Resource selection procedure 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. Further discussions are needed on the order of these selections and the threshold used in each step. 
The carrier selection should be at the first place because the resources are basically configured on each carrier. The questions related to carrier selection are mainly focused on the following two aspects:

· Whether we can follow the legacy RSRP threshold for carrier selection in SDT procedure?
· If SDT resources are configured on one carrier only, how does the UE make the carrier selection?
For the first question, two obvious options are on the table:

Option1: SDT and non-SDT (legacy RACH) share the same RSRP threshold for carrier selection. 
Option2: RSRP threshold for carrier selection is configured dedicatedly for SDT. 
In our understanding, since UE has checked that SDT can be triggered based on criteria discussed above, the RSRP threshold for carrier selection in this step is not only used to guarantee that UE can work on NUL but also need to guarantee that UE can perform SDT on NUL. Considering that the coverage where to perform SDT on NUL might be smaller than the coverage to work on NUL, we think Option2 is more desirable. 
Proposal 4 Introduce an SDT-specific RSRP threshold for carrier selection if both NUL and SUL are configured with SDT resources. 

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 5 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 6 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. The RSRP is specific to SDT since the MsgA payload in SDT is expected to be larger than legacy 2-step RA. 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 7 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 8 An SDT- specific RSRP threshold is introduced for the selection between 2-step RACH based SDT and 4-step RACH based SDT.
Proposal 9 The RSRP threshold for beam selection can be common between RA-SDT and non-SDT.
Proposal 10 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.
2.2 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.
2.3 Indication on PDCP re-establishment
	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  


In NR, whether the PDCP should be re-established is explicitly indicated, i.e. by reestablishPDCP field in RadioBearerConfig IE. The network sets the field to true whenever the security key used for the radio bearer changes, such as due to resuming an RRC connection. Therefore, in RRC resume procedure, the UE performs the PDCP re-establishment following this indication included in RRCResume message, which is a significant difference from LTE. In LTE, it is a default behaviour for the reception of RRCConnectionResume.
DRB-ToAddMod ::=                        SEQUENCE {

    cnAssociation                           CHOICE {

        eps-BearerIdentity                      INTEGER (0..15),

        sdap-Config               SDAP-Config

    }                                                                   OPTIONAL,   -- Cond DRBSetup

    drb-Identity                  DRB-Identity,

    reestablishPDCP               ENUMERATED{true}                      OPTIONAL,   -- Need N
    recoverPDCP                   ENUMERATED{true}                      OPTIONAL,   -- Need N

    pdcp-Config                   PDCP-Config                           OPTIONAL,   -- Cond PDCP

    ...,

    [[

    daps-Config-r16               ENUMERATED{true}                      OPTIONAL     --Need N

    ]]

}

Observation 1 In NR, whether the PDCP entity is re-established in RRC resume procedure is explicitly indicated by the network in RRCResume. 
According to the agreements, upon the SDT is initiated, the UE shall resume SDT DRBs and re-establish the corresponding PDCP entities. Since SDT is executed before the reception of RRCResume, it needs further dicussion on whether the indication is implicit and explicit. 
The signalling intends to indicate the UE to perform an immediate action, that is, re-establishing PDCP entiy of the correpsonding DRB once the indication is received. If UE stores it in the context as a configuration and exexcutes the action until SDT is initiated, it will go against the actual function of this singalling. Therefore, the re-establishment of PDCP entities of SDT DRBs shall be perform in an  implicit way.
Proposal 13 The UE perfoms the PDCP entities re-establishment upon the initiation of SDT, without extra explicit signaling from the network.
2.4 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 issue is regarding 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 2 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 3 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 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 14 The network reconfigures the SDT DRBs in order to not allowing the SDT DRBs to trigger PDCP status report.
3. Conclusion
Based on the discussion we give the following observations and proposals:

Proposal 1 The data volume threshold is common for RA-SDT and CG-SDT.
Proposal 2 Introduce an RSRP threshold for the selection between SDT and non-SDT. UE checks this threshold together with the radio bearer configuration and data volume threshold before SDT is initiated.
Proposal 3 CG resources are configured on the carrier where RA-SDT resources are available.
Proposal 4 Introduce an SDT-specific RSRP threshold for carrier selection if both NUL and SUL are configured with SDT resources.
Proposal 5 If SDT resources are configure on either SUL or NUL, UE directly selects the carrier with SDT configuration.
Proposal 6 The RSRP threshold for beam selection is configured separately for RA-SDT and CG-SDT.

Proposal 7 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 8 An SDT- specific RSRP threshold is introduced for the selection between 2-step RACH based SDT and 4-step RACH based SDT.

Proposal 9 The RSRP threshold for beam selection can be common between RA-SDT and non-SDT.
Proposal 10 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 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 4 In NR, whether the PDCP entity is re-established in RRC resume procedure is explicitly indicated by the network in RRCResume.
Proposal 13 The UE perfoms the PDCP entities re-establishment upon the initiation of SDT, without extra explicit signaling from the network.
Observation 5 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 6 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 14 The network reconfigures the SDT DRBs in order to not allowing the SDT DRBs to trigger PDCP status report.
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