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Introduction
According to WID [1], work item aims to enable uplink small data transmission (SDT) in RRC_INACTIVE state. One of the objective of WI is:
· UL small data transmissions for RACH-based schemes (i.e. 2-step and 4-step RACH):
· [bookmark: _Hlk26863976]General procedure to enable UP data transmission for small data packets from INACTIVE state (e.g. using MSGA or MSG3) [RAN2]
· Enable flexible payload sizes larger than the Rel-16 CCCH message size that is possible currently for INACTIVE state for MSGA and MSG3 to support UP data transmission in UL (actual payload size can be up to network configuration) [RAN2] 
In this contribution we discuss the details of RACH configuration for RACH-based SDT.
Discussion
Random access resource configuration
In case of 4 step RACH based SDT, uplink data is transmitted in Msg3. Based on the received RACH preamble, GNB identifies that RA is initiated by UE for small data transmission and allocates appropriate UL grant size in RAR. 
In case of 2 step RACH based SDT, 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 RACH preamble, gNB identifies the appropriate PUSCH resource to decode.
Inorder for network to identify that random access is for small data transmission, the combination 'PRACH occasion + Preamble' used for RA initiated for small data transmission needs to be different than those used for RA initiated for other purposes.
Proposal 1: The combination 'PRACH occasion + Preamble' used for RA initiated for small data transmission needs to be different than those used for RA initiated for other purposes.
RA Preambles for SDT
The preambles to be used for SDT depends on whether ROs used for SDT are same as ROs for non SDT or ROs used for SDT are different from ROs for non SDT. The understanding is that both these options for RO configuration will be supported and it's up to network configuration to configure ROs for SDT according to one of these option.
Preambles for SDT using 4 step RA when ROs used for SDT using 4 step RA are same as ROs used for non SDT 4 step RA
Case 1: 2 step RA is not configured; or 2 step RA is configured but ROs for 2 step RA are not shared with 4 step RA

In this case preambles for SDT using 4 step RA can start from end of preambles used for non SDT 4 step RA as described below.
· ssb-perRACH-Occasion (N1) configured for non SDT 4 step RA
· CB-PreamblesPerSSB (R1) configured for non SDT 4 step RA
· CB-PreamblesPerSSB-SDT (X) is configured for SDT using 4 step RA
· if , one SS/PBCH block is mapped to  consecutive valid PRACH occasions and  contention based preambles with consecutive indexes associated with the SS/PBCH block per valid PRACH occasion start from preamble index . If ,  contention based preambles with consecutive indexes associated with SS/PBCH block , , per valid PRACH occasion start from preamble index , where  is provided by totalNumberOfRA-Preambles for 4 step random access procedure.
Case 2: 2 step RA is configured and ROs for 2 step RA are shared with 4 step RA

In this case preambles for SDT using 4 step RA can start from end of preambles used for non SDT 4 step RA and non SDT 2 step RA as described below. Note that non SDT 4 step RA preambles always follow non SDT 2 step RA preambles when ROs for 

· ssb-perRACH-Occasion (N1) configured for non SDT 4 step RA
· CB-PreamblesPerSSB (R1) configured for non SDT 4 step RA
· CB-PreamblesPerSSB (R2) configured for non SDT 2 step RA
· CB-PreamblesPerSSB-SDT (X) is configured for SDT using 4 step RA
· if , one SS/PBCH block is mapped to  consecutive valid PRACH occasions and  contention based preambles with consecutive indexes associated with the SS/PBCH block per valid PRACH occasion start from preamble index . If ,  contention based preambles with consecutive indexes associated with SS/PBCH block , , per valid PRACH occasion start from preamble index , where  is provided by totalNumberOfRA-Preambles for 4 step random access procedure
Preambles for SDT using 4 step RA when ROs used for SDT are different from ROs for non SDT. 
· CB-PreamblesPerSSB-SDT (X) is configured for SDT using 4 step RA
· ssb-perRACH-Occasion-SDT (Y) is configured for SDT using 4 step RA
· if , one SS/PBCH block is mapped to  consecutive valid PRACH occasions and  contention based preambles with consecutive indexes associated with the SS/PBCH block per valid PRACH occasion start from preamble index 0. If Y ,  contention based preambles with consecutive indexes associated with SS/PBCH block , , per valid PRACH occasion start from preamble index , where  is provided by totalNumberOfRA-Preambles for SDT 4 step random access procedure. If totalNumberOfRA-Preambles for SDT 4 step random access procedure is not configured, UE assumes the value is 64.
Instead of defining different rules for different cases/options as described above, simplest approach would be to configure a starting preamble index (S) for SDT using 4 step RA. Preambles can then be determined as follows: 
· CB-PreamblesPerSSB-SDT (X) is configured for SDT using 4 step RA
· ssb-perRACH-Occasion-SDT (Y) is configured for SDT using 4 step RA
· if , one SS/PBCH block is mapped to  consecutive valid PRACH occasions and  contention based preambles with consecutive indexes associated with the SS/PBCH block per valid PRACH occasion start from preamble index S. If Y ,  contention based preambles with consecutive indexes associated with SS/PBCH block , , per valid PRACH occasion start from preamble index , where  is provided by totalNumberOfRA-Preambles for SDT 4 step random access procedure. If totalNumberOfRA-Preambles for SDT 4 step random access procedure is not configured, UE assumes the value is 64.
Proposal 2: Starting preamble index is configured in 4 step RA configuration for SDT.
Proposal 3: Preambles per SSB per RACH occasion for SDT using 4 step RA is determined as follows:
· X is the number of contention based preambles per SSB for SDT using 4 step RA
· Y is the number of SSBs per RACH occasion for SDT using 4 step RA
· S is the starting preamble index for SDT using 4 step RA
· if , one SS/PBCH block is mapped to  consecutive valid PRACH occasions and  contention based preambles with consecutive indexes associated with the SS/PBCH block per valid PRACH occasion start from preamble index S. If Y ,  contention based preambles with consecutive indexes associated with SS/PBCH block , , per valid PRACH occasion start from preamble index , where  is provided by totalNumberOfRA-Preambles for SDT 4 step random access procedure. If totalNumberOfRA-Preambles for SDT 4 step random access procedure is not configured, UE assumes the value is 64.

Similarly a starting preamble index (S) for SDT using 2 step RA can be configured. Preambles for SDT using 2 step RA can then be determined as follows: 
· CB-PreamblesPerSSB-SDT (X) is configured for SDT using 2 step RA
· ssb-perRACH-Occasion-SDT (Y) is configured for SDT using 2 step RA
· if , one SS/PBCH block is mapped to  consecutive valid PRACH occasions and  contention based preambles with consecutive indexes associated with the SS/PBCH block per valid PRACH occasion start from preamble index S. If Y ,  contention based preambles with consecutive indexes associated with SS/PBCH block , , per valid PRACH occasion start from preamble index , where  is provided by totalNumberOfRA-Preambles for SDT 2 step random access procedure. If totalNumberOfRA-Preambles for SDT 2 step random access procedure is not configured, UE assumes the value is 64.
Proposal 4: Starting preamble index is configured in 2 step RA configuration for SDT.
Proposal 5: Preambles per SSB per RACH occasion for SDT using 2 step RA is determined as follows:
· X is the number of contention based preambles per SSB for SDT using 2 step RA
· Y is the number of SSBs per RACH occasion for SDT using 2 step RA
· S is the starting preamble index for SDT using 2 step RA
· if , one SS/PBCH block is mapped to  consecutive valid PRACH occasions and  contention based preambles with consecutive indexes associated with the SS/PBCH block per valid PRACH occasion start from preamble index S. If Y ,  contention based preambles with consecutive indexes associated with SS/PBCH block , , per valid PRACH occasion start from preamble index , where  is provided by totalNumberOfRA-Preambles for SDT 2 step random access procedure. If totalNumberOfRA-Preambles for SDT 2 step random access procedure is not configured, UE assumes the value is 64.
ROs for SDT using 4 step RA
4 step ROs for SDT can be shared with 4 step ROs for non SDT or can be separately configured. Following parameters can be signaled by gNB for configuring ROs for small data transmission using 4 step RA.
prach-ConfigurationIndex-SDT: PRACH configuration index for SDT using 4 step RA. The gNB has the option to not signal prach-ConfigurationIndex-SDT. If prach-ConfigurationIndex-SDT is not signaled by gNB, UE determine PRACH occasions for SDT according to prach-ConfigurationIndex configured/signaled by gNB for non SDT (i.e. in RACH-ConfigGeneric for 4 step RA). This field may only be present in the case of separate ROs for 4 step RA based SDT.

msg1-FDM-SDT: The number of msg1 PRACH transmission occasions Frequency-Division Multiplexed in one-time instance for small data transmission. If the field is absent, UE shall use value of msg1-FDM configured/signaled by gNB for non SDT (i.e. in RACH-ConfigGeneric for 4 step RA). This field may only be present in the case of separate ROs for 4 step RA based SDT.
msg1-FrequencyStart-SDT: Offset of lowest PRACH transmissions occasion in frequency domain with respect to PRB 0. If the field is absent, UE shall use value of msg1-FrequencyStart configured/signaled by gNB for non SDT (i.e. in RACH-ConfigGeneric for 4 step RA). This field may only be present in the case of separate ROs for 4 step RA based SDT.
For flexible signaling of ROs for SDT, following parameters can be configured in RACH configuration for 4 step RA based SDT.
	prach-ConfigurationPeriodScaling-SDT
Scaling factor to extend the periodicity of the baseline configuration indicated by prach-ConfigurationIndex-SDT. Value scf1 corresponds to scaling factor of 1 and so on.

	prach-ConfigurationFrameOffset-SDT
Scaling factor for ROs defined in the baseline configuration indicated by prach-ConfigurationIndex-SDT.

	prach-ConfigurationSOffset-SDT
Subframe/Slot offset for ROs defined in the baseline configuration indicated by prach-ConfigurationIndex-SDT.



ROs for SDT using 2 step RA
2 step ROs for SDT can be shared with 2 step ROs for non SDT or can be separately configured. Following parameters are signaled by gNB for configuring ROs for small data transmission using 2 step RA.
msgA-PRACH-ConfigurationIndex-SDT: PRACH configuration index for SDT using 2 step RA. The gNB has the option to not signal msgA-PRACH-ConfigurationIndex-SDT. If msgA-PRACH-ConfigurationIndex-SDT is not signaled by gNB, UE determine PRACH occasions for 2 step RA based SDT according to msgA-PRACH-ConfigurationIndex configured/signaled by gNB for non SDT (i.e. in RACH-ConfigGenericTwoStepRA). This field may only be present in the case of separate ROs for 2 step RA based SDT.
msgA-RO-FDM –SDT: The number of msgA PRACH transmission occasions Frequency-Division Multiplexed in one-time instance for SDT using 2 step RA. If the field is absent, UE shall use value of msgA-RO-FDM configured/signaled by gNB for non SDT in RACH-ConfigGenericTwoStepRA. This field may only be present in the case of separate ROs for 2 step RA based SDT.
msgA-RO-FrequencyStart –SDT: Offset of lowest PRACH transmissions occasion in frequency domain with respect to PRB 0. If the field is absent, UE shall use value of msgA-RO-FrequencyStart configured/signaled by gNB for non SDT in RACH-ConfigGenericTwoStepRA. This field may only be present in the case of separate ROs for 2 step RA based SDT.
For flexible signaling of ROs for SDT, following parameters can be configured in RACH configuration for SDT using 2 step RA.
	prach-ConfigurationPeriodScaling-SDT
Scaling factor to extend the periodicity of the baseline configuration indicated by prach-ConfigurationIndex. Value scf1 corresponds to scaling factor of 1 and so on.

	prach-ConfigurationFrameOffset-SDT
Scaling factor for ROs defined in the baseline configuration indicated by prach-ConfigurationIndex.

	prach-ConfigurationSOffset-SDT
Subframe/Slot offset for ROs defined in the baseline configuration indicated by prach-ConfigurationIndex.



BWP for RACH based SDT 
A cell may support multiple BWPs. So there can be two options for RACH based SDT.
- Option 1: RACH based SDT is always performed on intial BWP. 
- Option 2: The BWP for RACH based SDT is configurable.
BW of intial BWP may be limited to support several concurrent SDT sessions. Wider BW may be needed for SDT. 
Proposal 6: RAN2 to discuss and agree on one of the following options:
Option 1: RACH based SDT is always performed on intial BWP. 
Option 2: The BWP for RACH based SDT is configurable.
Carrier for RACH based SDT
There can be two UL carriers (NUL and SUL) configured in a cell. The two carriers have different characteristics (e.g. different frequency bands FR1/FR2, different UL coverage). So RACH based SDT should be supported on both SUL and NUL and RACH resources for SDT are separately configured for NUL and SUL. Network may configure RACH based SDT on NUL or SUL or both.   
Proposal 7: RACH based SDT is supported on both SUL and NUL. 
Proposal 8: RACH resources for SDT are separately configured for NUL and SUL.
Proposal 9: Network may configure RACH based SDT on NUL or SUL or both.
Conclusion
Based on the above, RAN2 is requested to discuss and agree on the following proposals:
Proposal 1: The combination 'PRACH occasion + Preamble' used for RA initiated for small data transmission needs to be different than those used for RA initiated for other purposes.
Proposal 2: Starting preamble index is configured in 4 step RA configuration for SDT.
Proposal 3: Preambles per SSB per RACH occasion for SDT using 4 step RA is determined as follows:
· X is the number of contention based preambles per SSB for SDT using 4 step RA
· Y is the number of SSBs per RACH occasion for SDT using 4 step RA
· S is the starting preamble index for SDT using 4 step RA
· if , one SS/PBCH block is mapped to  consecutive valid PRACH occasions and  contention based preambles with consecutive indexes associated with the SS/PBCH block per valid PRACH occasion start from preamble index S. If Y ,  contention based preambles with consecutive indexes associated with SS/PBCH block , , per valid PRACH occasion start from preamble index , where  is provided by totalNumberOfRA-Preambles for SDT 4 step random access procedure. If totalNumberOfRA-Preambles for SDT 4 step random access procedure is not configured, UE assumes the value is 64.

Proposal 4: Starting preamble index is configured in 2 step RA configuration for SDT.
Proposal 5: Preambles per SSB per RACH occasion for SDT using 2 step RA is determined as follows:
· X is the number of contention based preambles per SSB for SDT using 2 step RA
· Y is the number of SSBs per RACH occasion for SDT using 2 step RA
· S is the starting preamble index for SDT using 2 step RA
· if , one SS/PBCH block is mapped to  consecutive valid PRACH occasions and  contention based preambles with consecutive indexes associated with the SS/PBCH block per valid PRACH occasion start from preamble index S. If Y ,  contention based preambles with consecutive indexes associated with SS/PBCH block , , per valid PRACH occasion start from preamble index , where  is provided by totalNumberOfRA-Preambles for SDT 2 step random access procedure. If totalNumberOfRA-Preambles for SDT 2 step random access procedure is not configured, UE assumes the value is 64.

Proposal 6: RAN2 to discuss and agree on one of the following options:
· Option 1: RACH based SDT is always performed on intial BWP. 
· Option 2: The BWP for RACH based SDT is configurable.
Proposal 7: RACH based SDT is supported on both SUL and NUL. 
Proposal 8: RACH resources for SDT are separately configured for NUL and SUL.
Proposal 9: Network may configure RACH based SDT on NUL or SUL or both.
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