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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In RAN1 #105-e meeting, RAN1 aspects on small data transmission were discussed. Following agreements/conclusions on RAN1 aspects for SDT was made in RAN1 [1]. 
	Agreement:
· The SSB-to-PUSCH resource mapping within the CG configuration is implicitly defined.
· The ordering of the SSB and CG PUSCH resources are to be captured in RAN1 spec.
· A PUSCH resource refers to a transmission occasion and a DMRS resource used for PUSCH transmission
· The ordering of the SSB can reuse from the SSB-to-RO mapping
· The ordering of CG PUSCH resources can reuse from that of MsgA PUSCH as much as possible
· FFS determination of mapping ratio and association period, e.g., explicitly signaled or implicitly derived
· FFS any limitation on the combination of the parameters for CG resources

Update on 5/27:
Agreement:
· The SSB subset for RSRP based TA validation is determined at least based on a configured absolute RSRP threshold.
· FFS the SSB subset which could be
· within a set of SSBs configured per CG configuration
· or within a set of SSBs configured for all CG configurations
· or within a set of all SSBs actually transmitted as indicated in SIB1.
· or highest N SSBs that are measured to derive the subset for a UE across all CG configurations





In this contribution, we will discuss the potential RAN1 impacts for small data transmission including the remaining issue on TA validation for CG-SDT, SSB-to-PUSCH resource mapping for CG-SDT, PRACH configuration and mapping to SSBs for RA-SDT.

2. [bookmark: OLE_LINK6]Discussion 
2.1. TA validation for CG-SDT
The remaining issue on TA validation for CG-SDT is as followed.
· The SSB subset for RSRP based TA validation is determined at least based on a configured absolute RSRP threshold.
· FFS the SSB subset which could be
· within a set of SSBs configured per CG configuration
· or within a set of SSBs configured for all CG configurations
· or within a set of all SSBs actually transmitted as indicated in SIB1.
· or highest N SSBs that are measured to derive the subset for a UE across all CG configurations

In the existing spec, when TA is valid, it is applicable to all CG configurations. If TA validation is dependent on a set of SSBs configured for a particular CG configuration, TA needs to be configured per CG configuration, which is different from current TA configuration.
For a UE, the SSBs for RSRP based TA validation may be selected from a set of SSBs configured by gNB. It is up to gNB to configure a set of SSBs configured for all CG configurations, or all SSBs actually transmitted, or only highest N SSBs, for TA validation for CG-SDT.

[bookmark: _Ref79070854]Proposal 1: For CG-SDT, the SSB subset for RSRP based TA validation could be up to gNB configuration with the following:
· a set of SSBs configured for all CG configurations
· or a set of all SSBs actually transmitted as indicated in SIB1.
· or highest N SSBs that are measured to derive the subset for a UE across all CG configurations

2.2. [bookmark: _Ref47374690][bookmark: OLE_LINK21]Mapping between CG-SDT resources and SSBs
In RAN1 #105-e, it was agreed that the SSB-to-PUSCH resource mapping within the CG configuration is implicitly defined. The remaining issue is how to define the details of implicit mapping rule.
Agreement:
· The SSB-to-PUSCH resource mapping within the CG configuration is implicitly defined.
· The ordering of the SSB and CG PUSCH resources are to be captured in RAN1 spec.
· A PUSCH resource refers to a transmission occasion and a DMRS resource used for PUSCH transmission
· The ordering of the SSB can reuse from the SSB-to-RO mapping
· The ordering of CG PUSCH resources can reuse from that of MsgA PUSCH as much as possible
· FFS determination of mapping ratio and association period, e.g., explicitly signaled or implicitly derived
· FFS any limitation on the combination of the parameters for CG resources

As discussed in RAN1 #105-e, for the SSB-to-PUSCH resource mapping within the CG configuration, the existing SSB-to-RO mapping and preamble-to-MsgA PUSCH mapping can be reused as much as possible. A PUSCH resource refers to a transmission occasion and a DMRS resource used for PUSCH transmission.
Before defining the mapping rule of SSB-to-PUSCH resource, one question is whether to support multiple DMRS resources per CG configuration for SSB-to-PUSCH resource mapping.
In order to reduce the latency of CG-SDT and improve the resource utilization, one or multiple DMRS resources per CG configuration need to be supported. For example, when a large number of SSBs are associated with one CG configuration, if only one DMRS per configuration is allowed, UE needs to wait for a long time delay to choose the suitable CG resource. It is up to gNB to configure the number of DMRS resources for CG configuration.
Both of DMRS port and DMRS sequence can be used for CG-SDT transmission. The number of DMRS ports or DMRS sequences for PUSCH resource unit can be configurable. 
[bookmark: _Ref79070856]Proposal 2: For CG-SDT, one or multiple DMRS resources per CG configuration are supported. 
· The number of DMRS ports and/or DMRS sequences per CG configuration can be configured by gNB

For the SSB-to-CG PUSCH resource mapping, many-to-one or one-to-one mapping between SSBs and PUSCH resource units can be supported. The number of associated SSBs per CG  PUSCH resource unit can be configured by gNB.
[bookmark: _Ref79070857]Proposal 3: Support many-to-one or one-to-one mapping between SSBs and PUSCH resource units within a CG configuration.
· Mapping ratio between SSBs and PUSCH resource units per CG configuration can be configured by higher layer, e.g. N SSB(s) is associated with a PUSCH resource unit.
The CG PUSCH resource units in a CG configuration are indexed according to the DMRS port index and/or DMRS sequence ID index, and PUSCH occasion index. The PUSCH resource units are numbered in DMRS-first and time-second order.
The detailed mapping for SSB-to-CG PUSCH can be defined. Each consecutive number of 𝑁 SSB indexes provided for a CG configuration are mapped to the CG PUSCH occasions within the CG configuration in the following order. 
· first, in increasing order of DMRS resource indexes within a PUSCH occasion, where a DMRS resource index is determined first in an ascending order of a DMRS port index and second in an ascending order of a DMRS sequence index
· second, in increasing order of time resource indexes for time multiplexed PUSCH occasions within a CG periodicity
· third, in increasing order of indexes for PUSCH occasions across CG periodicities

The number of associated SSBs per CG PUSCH resource unit can be configured by gNB, e.g. one or more SSBs can be configured to be associated with a PUSCH resource unit, and one or multiple PUSCH resource units can be also associated with one or more SSBs. The mapping rule is explicitly defined in the spec.
[bookmark: _Ref79070859]Proposal 4: Each consecutive number of 𝑁 SSB indexes provided for a CG configuration are mapped to the CG PUSCH occasions within the CG configuration in the following order. 
· first, in increasing order of DMRS resource indexes within a PUSCH occasion, where a DMRS resource index is determined first in an ascending order of a DMRS port index and second in an ascending order of a DMRS sequence index
· second, in increasing order of time resource indexes for time multiplexed PUSCH occasions within a CG periodicity
· third, in increasing order of indexes for PUSCH occasions across CG periodicities

2.3. PRACH configuration and SSB-to-PRACH mapping for RA-SDT 
For RA-SDT, in RAN2#112-e and RAN2#113-e, the following agreements regarding RA-SDT resource configuration were achieved:
	RAN2#112-e Agreement:
As a baseline, the RACH resource i.e. (RO+preamble combination) is different between SDT and non-SDT 
· If ROs for SDT and non SDT are different, preamble partitioning between SDT and non SDT is not needed.
· If ROs for SDT and non SDT are same, preamble partitioning is needed
FFS if common configuration should be allowed
RAN2#113-e Agreement:
RAN2 continues to progress the work based the separate RACH resources for SDT (i.e. explicit mechanisms to support common resources won’t be pursued unless there is sufficient support for this. However, use of common RACH resources will not be precluded if possible via implementation



During the RAN2#114-e meeting, RAN2 sent a LS to RAN1 on the agreements with potential RAN1 impacts for RA-SDT [2].
		Agreement:
For RA-SDT
2. CFRA is not supported for RA-SDT



[bookmark: _Hlk78824219]For RA-SDT (for both 2-step RA and 4-step RA), in particular, RAN2 would like to request RAN1 to provide configuration parameters for the PRACH resource configuration when PRACH occasions are shared between SDT and non-SDT and when PRACH occasions are separately configured for SDT and non-SDT. 



[bookmark: _Hlk78904415]For RA-SDT, when PRACH occasions are separate between SDT and non-SDT, the PRACH resource configurations are separately configured for both 4-step RACH and 2-step RACH, including time resources and frequency resources of PRACH resources. Hence, the preambles for SDT and non-SDT are separated in different ROs. In this case, preamble formats, root sequence and total number of preambles for SDT can be separately configured. If they are not configured for SDT, those preamble parameters configured for non-SDT can be reused.
[bookmark: _Ref79070860]Proposal 5: For RA-SDT, when PRACH occasions are separate between SDT and non-SDT, the PRACH resource configurations are separately configured for both 4-step RACH and 2-step RACH, including time resources and frequency resources of PRACH resources, preamble formats, root sequence and total number of preambles for SDT.

[bookmark: _Hlk78904488]When PRACH occasions are shared between SDT and non-SDT, it is necessary to determine the preambles for SDT and non-SDT in the shared ROs. Similar to 2-step RACH and 4-step RACH in shared ROs, the preambles for SDT and non-SDT in the shared ROs are separately configured. To be specific, the number of contention-based preambles used for RA-SDT is configured from the non-CBRA non-SDT RA preambles associated with each SSB for RO shared with non-SDT type RA. Followings are some examples of preambles configuration for SDT with 4-step RA or 2-step RA in case of shared ROs with non-SDT, as shown in Figure 1, Figure 2 and Figure 3. In general, the preambles for SDT in the shared RO are determined from the non-CBRA preambles for non-SDT RA type.
[bookmark: _Ref79070861]Proposal 6: For RA-SDT, when PRACH occasions are shared between SDT and non-SDT, the preambles for SDT and non-SDT in the shared ROs are separately configured.
· the preambles for SDT in the shared RO are determined from the non-CBRA preambles for non-SDT RA type.



[bookmark: _Ref79070618]Figure 1: Example of preambles for 4-step non-SDT RA and 4-step SDT RA in one shared RO



[bookmark: _Ref79070619]Figure 2: Example of preambles for 4-step non-SDT RA, 2-step non-SDT RA and 4-step SDT RA in one shared RO



[bookmark: _Ref79070620]Figure 3: Example of preambles for 4-step non-SDT RA, 2-step non-SDT RA, 4-step SDT RA and 2-step SDT RA in one shared RO

Regarding the mapping between SSBs and the preambles for SDT in a RO, the number of SSBs per RO, number of contention-based (CB) preambles per SSB per RO for SDT are separated configured. Therefore, the existing mapping rule of SSB-to-preamble mapping for non-SDT can be reused.
For SDT, the SCS of preamble for SDT can be reused from that for non-SDT, i.e. configured by msg1-subcarrierSpacing.
For power control of RA-SDT, the preambleReceivedTargetPower for non-SDT RA is reused. The power ramping counter is common for both non-SDT and SDT RA. For SDT RACH with shared ROs, powerRampingStep for SDT RACH are indicated by that for the non-SDT RACH. For SDT RACH with separated ROs, powerRampingStep for SDT RACH can be separately configured.

[bookmark: _Ref79070862]Proposal 7: For RA-SDT, when PRACH occasions are shared or separate between SDT and non-SDT, 
· the existing mapping rule of SSB-to-preamble mapping for non-SDT can be reused
· the SCS of preamble for SDT can be reused from that for non-SDT, i.e. configured by msg1-subcarrierSpacing.
[bookmark: _Ref79070863]Proposal 8: For power control for PRACH of RA-SDT,
· the preambleReceivedTargetPower for non-SDT RA is reused. 
· The power ramping counter is common for both non-SDT and SDT RA. 
· For SDT RACH with shared ROs, powerRampingStep for SDT RACH are indicated by that for the non-SDT RACH. For SDT RACH with separated ROs, powerRampingStep for SDT RACH can be separately configured.

2.4. [bookmark: OLE_LINK16]Reply on LS for CG-SDT 
During the RAN2#114-e meeting, RAN2 sent a LS to RAN1 on the agreements with potential RAN1 impacts for CG-SDT [2].
	Agreement:

For CG-SDT
3. Working assumption: UE-specific search space is configured for UEs performing CG-SDT. RAN2 asks RAN1 whether this working assumption can be confirmed
4. CG-SDT resource can be configured on either initial BWP or separate SDT BWP. Ask RAN1 to confirm
5. RAN2 thinks that some feedback may be beneficial in case CG is used for subsequent transmission.  RAN2 assumes that existing mechanism can be used.




Regarding the working assumption, from our perspective, we think it is feasible that UE-specific search space is configured for UEs performing CG-SDT. USS configured for CG-SDT is beneficial for reducing the blocking probability in CSS. Besides, if USS is supported for PDCCH monitoring for CG-SDT, low power consumption for PDCCH monitoring in USS needs to be considered.
[bookmark: _Ref79070864]Proposal 9: RAN1 confirms the following working assumption.
· UE-specific search space is configured for UEs performing CG-SDT. RAN2 asks RAN1 whether this working assumption can be confirmed

Regarding the BWP for CG-SDT, from our perspective, we think that CG-SDT resource can be configured on either initial BWP or separate non-initial BWP for UEs performing CG-SDT. The CG-SDT resources for non-initial BWP for UE in inactive state can be configured by the RRC release message.
[bookmark: _Ref79070865]Proposal 10: RAN1 confirms that CG-SDT resource can be configured on either initial BWP or non-initial BWP.

Regarding the potential feedback for CG-SDT, we think the motivation is mainly on providing the timely ACK response to the CG-SDT transmission. If gNB fails to receive the CG-SDT transmission, UE would trigger retransmission of SDT after the timer for PDCCH monitoring. If gNB successfully decodes the data by CG-SDT transmission, gNB may schedule subsequent transmission by a DL/UL grant. In this case, the DL/UL grant scheduling a new transmission can be deemed as the ACK response to the previous CG-SDT transmission. There may be issue when there is no data for subsequent transmission. The possible solutions include enabling UL skipping for subsequent transmission, or defining particular feedback form for ACK response e.g. similar to the CG-DFI in shared spectrum.
[bookmark: _Ref79070866]Proposal 11: For CG-SDT, DL/UL grant scheduling subsequent transmission can be used for the feedback response to CG-SDT transmission.

3. Conclusion
In this contribution, we discuss the potential impacts on the small data transmission from RAN1’s perspective. The conclusion and proposals are summarized below.
Proposal 1: For CG-SDT, the SSB subset for RSRP based TA validation could be up to gNB configuration with the following:
· a set of SSBs configured for all CG configurations
· or a set of all SSBs actually transmitted as indicated in SIB1.
· or highest N SSBs that are measured to derive the subset for a UE across all CG configurations
Proposal 2: For CG-SDT, one or multiple DMRS resources per CG configuration are supported.
· The number of DMRS ports and/or DMRS sequences per CG configuration can be configured by gNB
Proposal 3: Support many-to-one or one-to-one mapping between SSBs and PUSCH resource units within a CG configuration.
· Mapping ratio between SSBs and PUSCH resource units per CG configuration can be configured by higher layer, e.g. N SSB(s) is associated with a PUSCH resource unit.
Proposal 4: Each consecutive number of 𝑁 SSB indexes provided for a CG configuration are mapped to the CG PUSCH occasions within the CG configuration in the following order.
· first, in increasing order of DMRS resource indexes within a PUSCH occasion, where a DMRS resource index is determined first in an ascending order of a DMRS port index and second in an ascending order of a DMRS sequence index
· second, in increasing order of time resource indexes for time multiplexed PUSCH occasions within a CG periodicity
· third, in increasing order of indexes for PUSCH occasions across CG periodicities
Proposal 5: For RA-SDT, when PRACH occasions are separate between SDT and non-SDT, the PRACH resource configurations are separately configured for both 4-step RACH and 2-step RACH, including time resources and frequency resources of PRACH resources, preamble formats, root sequence and total number of preambles for SDT.
Proposal 6: For RA-SDT, when PRACH occasions are shared between SDT and non-SDT, the preambles for SDT and non-SDT in the shared ROs are separately configured.
· the preambles for SDT in the shared RO are determined from the non-CBRA preambles for non-SDT RA type.
Proposal 7: For RA-SDT, when PRACH occasions are shared or separate between SDT and non-SDT,
· the existing mapping rule of SSB-to-preamble mapping for non-SDT can be reused
· the SCS of preamble for SDT can be reused from that for non-SDT, i.e. configured by msg1-subcarrierSpacing.
Proposal 8: For power control for PRACH of RA-SDT,
· the preambleReceivedTargetPower for non-SDT RA is reused. 
· The power ramping counter is common for both non-SDT and SDT RA. 
· For SDT RACH with shared ROs, powerRampingStep for SDT RACH are indicated by that for the non-SDT RACH. For SDT RACH with separated ROs, powerRampingStep for SDT RACH can be separately configured.
Proposal 9: RAN1 confirms the following working assumption.
· UE-specific search space is configured for UEs performing CG-SDT. RAN2 asks RAN1 whether this working assumption can be confirmed
Proposal 10: RAN1 confirms that CG-SDT resource can be configured on either initial BWP or non-initial BWP.
Proposal 11: For CG-SDT, DL/UL grant scheduling subsequent transmission can be used for the feedback response to CG-SDT transmission.
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