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Introduction
The contribution discusses PHY layer aspects for Small data transmission (SDT).

Association between SSB and CG resource
RAN2 had sent an LS [1] on configuration of the association between the type 1 CG resources and the SSBs for CG-SDT.
In RAN1#104e, RAN1 discussed and replied the LS. In the reply LS [2], RAN1 gave two options for configuration of the association between the SSBs and the CG resources per CG configuration for CG-SDT.
	· One or multiple SSBs can be associated with each CG configuration for CG-SDT.
· From RAN1 perspective, the following options can be considered for the association between the SSBs and the CG resources (including transmission occasions and DMRS) per CG configuration for CG-SDT.
· Opt. 1: Define the SSB-to-CG-PUSCH mapping rule 
· Reuse the SSB-to-RO mapping as the baseline
· FFS the potential RAN1 impact, e.g. mapping ratio and association period
· Opt. 2: CG resources per CG configuration are associated with a set of SSB(s) by explicit signalling.
· FFS the potential RAN1 impact
· Other solutions are not precluded
· FFS whether repetition is supported for CG-SDT or not, and if supported how to handle the mapping between the SSBs and repetitions
· FFS TA validation and PUSCH validation for CG-SDT.


In RAN1#104bis-e [3], RAN1 confirmed that CG configuration discussed in SDT is the CG configuration in licensed band.
	Conclusion:
· It is RAN1’s common understanding that the CG configuration mechanism in licensed band can be reused for CG-SDT in principle.


In RAN1#104bis-e [3], it was agreed that “CG resources per CG configuration are associated with a set of SSB(s) configured by explicit signalling”, i.e. Option 2 in RAN1#104e meeting.
	Agreement:
· CG resources per CG configuration are associated with a set of SSB(s) configured by explicit signalling.
· 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 RAN1#105-e [4], it was agreed that SSB-to-PUSCH resource unit mapping within the CG configuration is implicitly defined, i.e. using a mapping rule. The ordering of the SSB can reuse that of SSB-to-RO mapping, and the ordering of PUSCH resource unit can reuse that of MsgA PUSCH.
	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


In RAN1#106-e [5], the basic rules of SSB-to-PUSCH resource unit mapping was agreed, e.g. DMRS-resource-first-CG-period-second and the mapping ration N. 
	Agreement
· Each N of consecutive SSB indexes associated to one CG configuration are mapped to valid CG PUSCH resources
· first, in increasing order of DMRS resource indexes, where a DMRS resource index DMRSid 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 CG period indexes in the association period
· The mapping ratio N is explicitly signalled and the association period is implicitly derived
· FFS candidate value set of mapping ratio, and whether it is configured per CG configuration or per cell
· The SSB to CG PUSCH association period is the duration of multiple of CG periods depending the smallest time duration in the set determined by the CG period such that all SSBs associated with the CG configuration are mapped at least once to CG PUSCH resources.
· An association pattern period includes one or more association periods and is determined so that a pattern between CG PUSCH occasions and SS/PBCH block indexes associated with the CG configuration repeats at most every 640 msec.
· Note: The mapping ordering and steps may be revisited if multiple CG PUSCH occasions in one CG period is supported


In RAN1#106bis-e [6], the mapping ratio is configured per CG configuration.
	Agreement
· Mapping ratio of SSB to CG PUSCH is configured per CG configuration.
· FFS whether to restrict the same value for all CG configuration and/or allow different value for different CG configurations.
· For the candidate value set of SSB to CG PUSCH mapping ratio, support at least {1, 2, 4, 8, 16}
· FFS {1/8,1/4,1/2}


In RAN1#107-e [7], it was agreed not to restrict the same value for all CG configuration.
	Conclusion
No need to restrict the same value of mapping ratio for all CG configurations.


For the candidate values {1/8, 1/4, 1/2}, these values correspond to 1 SSB mapping to multiple CG PUSCH resource units. In our view, there seems no need to allow UE to autonomously select one CG PUSCH resource unit in multiple CG PUSCH resource units.
Proposal 1: Do not support the candidate values {1/8, 1/4, 1/2} for mapping ratio of SSB to CG PUSCH per CG configuration.

BWP for SDT
In RAN1#106bis-e [6], it was agreed RA-SDT is configured in initial BWP.
	Conclusion
RA-SDT resource cannot be configured on non-initial BWP.


Also, it was not reached as a consensus that CG-SDT can be configured on separate SDT BWP.
	Conclusion
· RAN1 cannot reach a consensus on whether to confirm RAN2 agreement that CG-SDT resource can be configured on separate SDT BWP.
· Capture the following in the LS: the concern is on the necessity.


In our view, CG-SDT is based on SSB for PUSCH association and QCL. If CG-SDT is not on initial BWP, UE needs to retune RF to process SSB in initial DL BWP and gNB needs to maintain RA-SDT in initial BWP and CG-SDT in non-initial BWP. Therefore, we support CG-SDT is also configured on initial BWP.
Proposal 2: CG-SDT cannot be configured on non-initial BWP.
[bookmark: _GoBack]In RAN1#107-e [7], it was agreed that at least when RedCap UE share both the initial DL BWP and initial UL BWP with non-RedCap UE, RA-SDT and CG-SDT for RedCap UEs is not optimized for RedCap use cases.
	Conclusion
RA-SDT and CG-SDT can be supported for RedCap UEs without considering specific optimization for Redcap, at least when RedCap UE share both the initial DL BWP and initial UL BWP with non-RedCap UEs.


In our view, it was agreed in connected mode, a basic RedCap UE (supporting mandatory FG 6-1) expects SSB (maybe NCD-SSB) in the active DL BWP (could be the shared initial DL BWP or the separate initial DL BWP either). 
	· For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· A RedCap UE supporting mandatory FG 6-1 (but not optional FG 6-1a) expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB


In our view, it can be extended to inactive mode, since the above agreement actually means the stage after initial access. For an RRC-configured active DL BWP in inactive mode, a RedCap UE supporting mandatory FG 6-1 expects it to contain SSB.
Proposal 3: For an RRC-configured active DL BWP in inactive mode (if it does not include CD-SSB), a RedCap UE supporting mandatory FG 6-1 expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB.
In this case, it is fine for RedCap UE to perform SDT in the shared initial DL BWP or the separate initial DL BWP, since SSB is present. Therefore, in our view, RA-SDT and CG-SDT is not optimized for RedCap also when RedCap UE is configured with the separate initial DL/UL BWP.
Proposal 4: RA-SDT and CG-SDT is not optimized for RedCap also when RedCap UE is configured with the separate initial DL/UL BWP.

[bookmark: _Ref494215420]Conclusion
We have the following proposals.
Proposal 1: Do not support the candidate values {1/8, 1/4, 1/2} for mapping ratio of SSB to CG PUSCH per CG configuration.
Proposal 2: CG-SDT cannot be configured on non-initial BWP.
Proposal 3: For an RRC-configured active DL BWP in inactive mode (if it does not include CD-SSB), a RedCap UE supporting mandatory FG 6-1 expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB.
Proposal 4: RA-SDT and CG-SDT is not optimized for RedCap also when RedCap UE is configured with the separate initial DL/UL BWP.
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