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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In RAN1 #104b-e meeting, RAN1 aspects on small data transmission were discussed. Following agreements/conclusions on CG-SDT was made in RAN1 [1]. 
	Conclusion:
· It is RAN1’s common understanding that the CG configuration mechanism in licensed band can be reused for CG-SDT in principle.

Agreement:
· CG resources per CG configuration are associated with a set of SSB(s) configured by explicit signalling.
· [bookmark: _Hlk70338405]FFS how to define an SSB-to-PUSCH resource mapping within the CG configuration.
· FFS specific changes to the CG configuration to support the additional SSB-to-PUSCH mapping, if any.




In this contribution, we will discuss the potential RAN1 impacts for small data transmission including the association of CG resources and SSBs.
2. [bookmark: OLE_LINK6]Discussion 
2.1. [bookmark: _Ref47374690][bookmark: OLE_LINK21]Mapping between CG-SDT resources and SSBs
In RAN1 #104b-e, it was agreed that CG resources per CG configuration are associated with a set of SSB(s) configured by explicit signaling. The remaining issue is how to define the mapping between the CG PUSCH resources within the CG configuration and the set of SSB(s). 
In our opinion, it is necessary to define the SSB-to-PUSCH resource mapping within the CG configuration. To be specific, the set of SSBs configured for a CG configuration are mapped to the CG PUSCH resources units within the CG configuration. In such case, it is beneficial that gNB can identify the SSB for CG PUSCH transmission based on the mapping. 
where the CG PUSCH resource unit is defined as a transmission occasion and a DMRS resource used for PUSCH transmission
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. Then, a CG PUSCH resource unit is defined as a PUSCH occasion and a DMRS resource used for SDT transmission
[bookmark: OLE_LINK27]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: _Ref71383576]Proposal 1: 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

[bookmark: _Hlk70338419][bookmark: _Hlk71269105]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: _Ref21015777][bookmark: _Ref71383578]Proposal 2: 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: _Ref71383580]Proposal 3: 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. 
· [bookmark: _GoBack]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

CG-SDT PUSCH repetition
In connected state, PUSCH repetitions can be configured for CG transmission, including PUSCH repetition type A or PUSCH repetition type B. For CG-SDT, whether to support PUSCH repetitions need to be discussed. 
For CG-SDT, PUSCH repetition type A can be configured in purpose of improving reliability and coverage. The repetition number is configured by RRC. On the other hand, PUSCH repetition type B is mainly used for reducing the latency for delay critical service, which may not be the case for SDT. Besides, the number of repetitions for PUSCH repetition type B needs to be given by numberOfRepetitions which is included in the UE-specific time domain resource allocation table. If PUSCH repetition type B is used for CG-SDT, such TDRA table needs to be configured, which will increase the signalling overhead.
If CG PUSCH repetition is supported for CG-SDT, all repetitions within a period are regarded as a bundle, i.e. All PUSCH repetitions are associated with the same SSB(s). Besides, the RV sequence for repetitions should be fixed, e.g. RV= {0, 2, 3, 1}.
[bookmark: _Ref71383581][bookmark: _Ref68626950][bookmark: _Ref68636287]Proposal 4: If CG-SDT PUSCH repetitions are supported, only PUSCH repetition type A can be configured for CG-SDT.
· All PUSCH repetitions are associated with the same SSB(s). 
· A fixed RV sequence for CG-SDT PUSCH repetitions is defined, e.g. RV= {0, 2, 3, 1}.

2.2. Mapping between RA-SDT resources and SSBs
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



RAN2 has continued the discussion on the resource configuration aspects for RA-SDT in [POST113bis-e][507][SDT], including some aspects that may be related to RAN1. E.g. how to determine the 4-step/2-step RACH preambles per SSB for RA-SDT when ROs are shared between SDT and non-SDT, whether/how to determine the 4-step/2-step RACH preambles per SSB and the number of SSBs per RO for RA-SDT when ROs for SDT and non-SDT are separate, whether/how to determine the RO(s) for 4-step RA-SDT and 2-step RA-SDT.
Regardless whether shared or separate ROs between RA-SDT and non-SDT are used, it is still open on how to define the mapping between SDT ROs/preambles and SSBs. The mapping between 4-step RACH/2-step RACH RO/preambles and SSBs in Rel-16 can be used as starting point. RAN1 can further discuss the mapping of RA-SDT resources and SSBs once RAN2 triggers the discussion.
[bookmark: _Ref71383582]Proposal 5: Further discuss the mapping of mapping of RA-SDT resources and SSBs in RAN1.

3. [bookmark: OLE_LINK16]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, 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 2: 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 3: 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 4: If CG-SDT PUSCH repetitions are supported, only PUSCH repetition type A can be configured for CG-SDT.
· All PUSCH repetitions are associated with the same SSB(s). 
· A fixed RV sequence for CG-SDT PUSCH repetitions is defined, e.g. RV= {0, 2, 3, 1}.
Proposal 5: Further discuss the mapping of mapping of RA-SDT resources and SSBs in RAN1.
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