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1 Introduction
According to WID [1], the objective of the work item is to enable uplink small data transmission in RRC_INACTIVE state. For random access based small data transmission, small data can be transmitted using 4 step random access (RA) procedure or 2 step RA procedure.

In this contribution we discuss the details of RA based small data transmission in uplink.
2 Discussion
2.1 Security aspects
As discussed in companion contribution [2] for small data transmission ResumeMAC-I needs to be transmitted in Msg3/MsgA to authenticate the UE. ResumeMAC-I transmitted in Msg3/MsgA for small data transmission can be generated in same manner as in case of normal resume procedure. KRRCint from the stored AS security context is used to generate it along with other parameters (i.e. KEY, BEARER, DIRECTION, COUNT, source PCI, target Cell-ID and source C-RNTI). ResumeMAC-I validation at gNB is also performed in same manner as in case of normal resume procedure.

Proposal 1: ResumeMAC-I for small data transmission is generated in same manner in case of connection resume procedure.
The uplink data for small data transmission is transmitted on DTCH in RRC_INACTIVE. The question is whether protection is applied to uplink data or not. If yes, which security keys are used to secure the uplink data transmitted in RRC_INACTIVE. In our view, the uplink data should be ciphered and integrity protected. Integrity protection is applied only for DRBs configured with UP integrity protection. 
The security keys for uplink data can be derived using the NextHopChainingCount provided in the RRCRelease message of the previous RRC connection in similar manner as derived for SRB1 during connection resume procedure. Upon initiation of small data transmission:
· UE derives the KgNB key based on the current KgNB key or the NH, using the stored nextHopChainingCount value. This is similar to KgNB key derivation during the resume procedure

· the KUPint key and the KUPenc key for uplink data is derived from new KgNB key
· the uplink data transmitted in RRC_INACTIVE is ciphered and integrity protected using newly derived KUPenc and KUPint key respectively.
Proposal 2: The uplink data in RRC_INACTIVE is transmitted on DTCH after ciphering and integrity protection. Integrity protection is applied only for DRBs configured with UP integrity protection.
Proposal 3: UE derives the KgNB key based on the current KgNB key or the NH, using the stored nextHopChainingCount value. the KUPint key and the KUPenc key for protection of uplink data are derived from new KgNB key
2.2 DRB Resumption
According to current specification [3], upon initiation of RRC connection resume, UE performs actions defined in 5.3.13.2 and 5.3.13.3. The same actions can also be applied when small data transmission is initiated with following changes:
Currently as per 5.3.13.3, UE re-establishes PDCP entities for SRB1 and resumes SRB1. However, for small data transmission in RRC_INACTIVE, DRB(s) also needs to be resumed, so that multiplexing entity can include MAC SDU(s) from DRBs in Msg3/MsgA. If small data transmission is supported for one or more DRBs but not all, re-establishing PDCP entities and resumption of only those DRBs is needed for which small data transmission is supported. DRBs for which small data transmission is supported can be indicated in RRCRelease/Reconfiguration message.
Proposal 4: Upon initiation of small data transmission in RRC_INACTIVE, RRC re-establishes PDCP entities of DRB(s) and resumes DRB(s) in addition to re-establishment of PDCH entity and resumption of SRB 1. Discuss further whether to resume all DRBs or not.
In the current connection resume procedure, only SRB0 and SRB1 are resumed upon initiating the connection resume. After receiving RRCResume from gNB, UE re-establishes PDCP entities for DRBs and resumes DRBs. RoHC context of DRB(s) is continued if drb-ContinueROHC is received in RRCResume. Otherwise it is reset. 

For small data transmission in RRC_INACTIVE, as discussed above, DRB(s) are resumed before transmitting RRCResumeRequest/RRCResumeRequest1. UE needs to know whether to reset the header compression protocol context or continue the header compression protocol context for DRB(s). Several options can be considered, such as

· Option 1: reset the header compression protocol context for the DRBs configured with the header compression protocol

· Option 2: continue the header compression protocol context for the DRBs configured with the header compression protocol

· Option 3: drb-ContinueROHC (common for all DRBs) is signaled in RRCRelease message. The information (e.g. cell ids) to identify cells where UE can continue ROHC is also indicated in RRCRelease message.
· Option 4: drb-ContinueROHC (common for all DRBs*) is signaled in RRCRelease message. gNB Identity mask or gNB Identity is also signaled in RRCRelease message. UE can continue ROHC in cells of GNB identified by gNB Identity mask or gNB Identity.
Proposal 5: Discuss whether UE resets the header compression protocol context or continue the header compression protocol context for DRB(s) resumed upon initiation of small data transmission.
2.3 Flexible Payload Sizes
According to WID [1], flexible payload sizes larger than the Rel-16 CCCH message size that is possible currently for INACTIVE state for MSGA and MSG3 needs to be supported for UP data transmission in UL (actual payload size can be up to network configuration). 
2.3.1 4 Step RA
There can be two approaches for supporting flexible payload sizes and determining whether to perform 4 step RA procedure for small data transmission or not. (Note that here it is assumed that other criteria to select 4 step RA as defined in current specification is met)
Approach 1: 
Configuring a single large TBS size for small data transmission is not efficient. It can lead to unecessary padding if UE does not have sufficient amount of data to transmit. UL coverage can be different for different UEs and hence transmission of large TBS by UE may or may not be successful. 
So we propsoe that, gNB configures ‘N’ transport block sizes sdt-TBS-group1 to sdt-TBS-groupN; sdt-Threshold-group1 to sdt-Threshold-groupN, preambles for group 1 to N. Preambles are needed for each transport block size so that gNB can determine the requested UL grant size. These parameters are seperately configured for SUL and NUL as UL coverage is different for SUL and NUL.

Using the above configuration, UE can determine whether to perform small data transmsision or not and if small data transmission is performed, the corresponding preamble group as follows:
If the MAC PDU size is less than equal to the TB size signalled in sdt-TBS-group1 and RSRP of the downlink pathloss reference is greater than or equal to sdt-Threshold-group1:
· UE perform RA procedure for small data transmission. Group 1 preamble is selected.
Else if the MAC PDU size is less than equal to the TB size signalled in sdt-TBS-group2 and RSRP of the downlink pathloss reference is greater than or equal to sdt-Threshold-group2
· UE perform RA procedure for small data transmission. Group 2 preamble is selected.
:
Else If the MAC PDU size is less than equal to the TB size signalled in sdt-TBS-groupN and RSRP of the downlink pathloss reference is greater than or equal to sdt-Threshold-groupN
· UE perform RA procedure for small data transmission. Group N preamble is selected.
Else:
· UE do not perform small data transmission.
Approach 2: gNB configures the parameters sdt-TBS-group1 and sdt-TBS-groupN; messagePowerOffsetGroup1 to messagePowerOffsetGroupN, preambles for group 1 to N. These parameters are seperately configured for SUL and NUL.

Using the above configuration, UE can determine whether to perform small data transmsision or not and if small data transmission is performed, the corresponding preamble group as follows:
· If the MAC PDU size  is less than equal to the TB size signalled in sdt-TBS-group1 and the pathloss is less than PCMAX (of the Serving Cell performing the Random Access Procedure) – preambleReceivedTargetPower – msg3-DeltaPreamble – messagePowerOffsetGroup1:
· UE perform RA procedure for small data transmission. Group 1 preamble is selected.
· Else If the MAC PDU size is less than equal to the TB size signalled in sdt-TBS-group2 for the selected UL carrier and the pathloss is less than PCMAX (of the Serving Cell performing the Random Access Procedure) – preambleReceivedTargetPower – msg3-DeltaPreamble – messagePowerOffsetGroup2
· UE perform RA procedure for small data transmission. Group 2 preamble is selected.
· :
· Else If the MAC PDU size is less than equal to the TB size signalled in sdt-TBS-groupN and the pathloss is less than PCMAX (of the Serving Cell performing the Random Access Procedure) – preambleReceivedTargetPower – msg3-DeltaPreamble – messagePowerOffsetGroupN
· UE perform RA procedure for small data transmission. Group N preamble is selected.
· Else:
· UE do not perform small data transmission
Proposal 6: Discuss and agree on one of the following for supporting flexible payload sizes for 4 step RA based small data transmission:

· Option 1: gNB configures multiple transport block sizes sdt-TBS-group1 to sdt-TBS-groupN; sdt-Threshold-group1 to sdt-Threshold-groupN, preambles for group 1 to N. FFS maximum value of N. These parameters are seperately configured for SUL and NUL
· Option 2: gNB configures the parameters sdt-TBS-group1 to sdt-TBS-groupN; messagePowerOffsetGroup1 to messagePowerOffsetGroupN, preambles for group 1 to N. FFS maximum value of N. These parameters are seperately configured for SUL and NUL
2.3.2 2 Step RA
Similar to 2 step RA, there can be two approaches for supporting flexible payload sizes and determining whether to perform 2 step RA procedure for small data transmission or not (Note that here it is assumed that other criteria to select 2 step RA as defined in current specification is met).

Approach 1: gNB configures the parameters MsgA-PUSCH-Config-SDT-group1 to MsgA-PUSCH-Config-SDT-groupN; sdt-Threshold-MsgA-group1 to sdt-Threshold-MsgA-groupN, preambles for group 1 to N. The TBS is not explicitly signaled but determined based on SCS, number of PRBs and number of OFDM symbols of PO. These parameters are seperately configured for SUL and NUL.
Using the above configuration, UE can determine whether to perform small data transmsision or not and if small data transmission is performed, the corresponding preamble group as follows:
If the MAC PDU size is less than equal to the TB size of MsgA payload according to MsgA-PUSCH-Config-SDT-groupA and and RSRP of the downlink pathloss reference is greater than or equal to sdt-Threshold-MsgA-groupA:
· UE perform RA procedure for small data transmission. Group 1 preamble is selected.
Else If the MAC PDU size is less than equal to the TB size of MsgA payload according to MsgA-PUSCH-Config-SDT-group2 for SDT and RSRP of the downlink pathloss reference is greater than or equal to sdt-Threshold- MsgA-group2
· UE perform RA procedure for small data transmission. Group 2 preamble is selected.
:
Else If the MAC PDU size is less than equal to the TB size of MsgA payload according to MsgA-PUSCH-Config-SDT-groupN for SDT and RSRP of the downlink pathloss reference is greater than or equal to sdt-Threshold- MsgA-groupN

· UE perform RA procedure for small data transmission. Group N preamble is selected.
Else:
· UE do not perform small data transmission.
Approach 2: gNB configures the parameters MsgA-PUSCH-Config-SDT-group1 to MsgA-PUSCH-Config-SDT-groupN; msgA-messagePowerOffset-group1 to msgA-messagePowerOffset-groupN, preambles for group 1 to N. These parameters are seperately configured for SUL and NUL.
Using the above configuration, UE can determine whether to perform small data transmsision or not and if small data transmission is performed, the corresponding preamble group as follows:
· If the MAC PDU size  is less than equal to the TB size of MsgA payload according to MsgA-PUSCH-Config-SDT-group1 for SDT and the pathloss is less than PCMAX (of the Serving Cell performing the Random Access Procedure) – msgA-preambleReceivedTargetPower – msgA-DeltaPreamble – msgA-messagePowerOffset-group1:
· UE perform RA procedure for small data transmission. Group 1 preamble is selected.
· Else If the MAC PDU size is less than equal to the TB size of MsgA payload according to MsgA-PUSCH-Config-SDT-group2 for SDT on UL carrier selected for radnom access procedure and the pathloss is less than PCMAX (of the Serving Cell performing the Random Access Procedure) – msgA-preambleReceivedTargetPower – msgA-DeltaPreamble – msgA-messagePowerOffset-group2
· UE perform RA procedure for small data transmission. Group 2 preamble is selected.
:
· Else If the MAC PDU size is less than equal to the TB size of MsgA payload according to MsgA-PUSCH-Config-SDT-groupN for SDT on UL carrier selected for radnom access procedure and the pathloss is less than PCMAX (of the Serving Cell performing the Random Access Procedure) – msgA-preambleReceivedTargetPower – msgA-DeltaPreamble – msgA-messagePowerOffset-groupN
· UE perform RA procedure for small data transmission. Group N preamble is selected.
· Else:
· UE do not perform small data transmission.
Proposal 7: Discuss and agree on one of the following for supporting flexible payload sizes for 2 step RA based small data transmission:

· Option 1: gNB configures the parameters MsgA-PUSCH-Config-SDT-group1 to MsgA-PUSCH-Config-SDT-groupN; sdt-Threshold- MsgA-group1 to sdt-Threshold- MsgA-groupN, preambles for group 1 to N. FFS maximum value of N. These parameters are separately configured for SUL and NUL

· Option 2: gNB configures the parameters MsgA-PUSCH-Config-SDT-group1 to MsgA-PUSCH-Config-SDT-groupN; msgA-messagePowerOffset-group1 to msgA-messagePowerOffset-groupN, preambles for group 1 to N. These parameters are separately configured for SUL and NUL
2.4 PRACH occasions and preambles for small data transmission
In case of 4 step RA, uplink data is transmitted in Msg3. Based on received RACH preamble, GNB identifies that RA is initiated by UE for small data transmission and allocates appropriate UL grant size in RAR. Inorder for network to identify that random access is for small data transmission, at least PRACH occasions or preambles used for 4 step RA initiated for small data transmission needs to be different than those used for RA initiated for other purposes. RAN2 should discuss how to allocate PRACH occasions and preambles for SDT using 4 step RA
Proposal 8: PRACH occasions and/or preambles used for 4 step RA initiated for small data transmission are different than those used for RA initiated for other purposes

Proposal 9: Discuss how to allocate PRACH occasions and preambles for SDT using 4 step RA

In case of 2 step RA, uplink data is transmitted in MsgA. Based on received RACH preamble, GNB identifies that RA is initiated by UE for small data transmission and allocates appropriate UL grant size in fallbackRAR. Additionally, based on received preamble, gNB identifies the appropriate PUSCH resource to decode. For network to identify that random access is for small data transmission, at least PRACH occasion or preambles used for 2 step RA initiated for small data transmission needs to be different than those used for RA initiated for other purposes.

Proposal 10: PRACH occasions and/or preambles used for 2 step RA initiated for small data transmission are different than those used for RA initiated for other purposes

Proposal 11: Discuss how to allocate PRACH occasions and preambles for SDT using 2 step RA.
3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposals:
Proposal 1: ResumeMAC-I for small data transmission is generated in same manner in case of connection resume procedure.
Proposal 2: The uplink data in RRC_INACTIVE is transmitted on DTCH after ciphering and integrity protection. Integrity protection is applied only for DRBs configured with UP integrity protection.
Proposal 3: UE derives the KgNB key based on the current KgNB key or the NH, using the stored nextHopChainingCount value. the KUPint key and the KUPenc key for protection of uplink data are derived from new KgNB key
Proposal 4: Upon initiation of small data transmission in RRC_INACTIVE, RRC re-establishes PDCP entities of DRB(s) and resumes DRB(s) in addition to re-establishment of PDCH entity and resumption of SRB 1. Discuss further whether to resume all DRBs or not.
Proposal 5: Discuss whether UE resets the header compression protocol context or continue the header compression protocol context for DRB(s) resumed upon initiation of small data transmission.
Proposal 6: Discuss and agree on one of the following for supporting flexible payload sizes for 4 step RA based small data transmission:

· Option 1: gNB configures multiple transport block sizes sdt-TBS-group1 to sdt-TBS-groupN; sdt-Threshold-group1 to sdt-Threshold-groupN, preambles for group 1 to N. FFS maximum value of N. These parameters are seperately configured for SUL and NUL.
· Option 2: gNB configures the parameters sdt-TBS-group1 to sdt-TBS-groupN; messagePowerOffsetGroup1 to messagePowerOffsetGroupN, preambles for group 1 to N. FFS maximum value of N. These parameters are seperately configured for SUL and NUL.
Proposal 7: Discuss and agree on one of the following for supporting flexible payload sizes for 2 step RA based small data transmission:

· Option 1: gNB configures the parameters MsgA-PUSCH-Config-SDT-group1 to MsgA-PUSCH-Config-SDT-groupN; sdt-Threshold- MsgA-group1 to sdt-Threshold- MsgA-groupN, preambles for group 1 to N. FFS maximum value of N. These parameters are separately configured for SUL and NUL

· Option 2: gNB configures the parameters MsgA-PUSCH-Config-SDT-group1 to MsgA-PUSCH-Config-SDT-groupN; msgA-messagePowerOffset-group1 to msgA-messagePowerOffset-groupN, preambles for group 1 to N. These parameters are separately configured for SUL and NUL
Proposal 8: PRACH occasions and/or preambles used for 4 step RA initiated for small data transmission are different than those used for RA initiated for other purposes

Proposal 9: Discuss how to allocate PRACH occasions and preambles for SDT using 4 step RA

Proposal 10: PRACH occasions and/or preambles used for 2 step RA initiated for small data transmission are different than those used for RA initiated for other purposes

Proposal 11: Discuss how to allocate PRACH occasions and preambles for SDT using 2 step RA.
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