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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In RAN1 #104-e meeting, RAN1 aspects on small data transmission were discussed. Following conclusions on RA-SDT and CG-SDT were made in RAN1 [1]. 
	For RA-SDT

· From RAN1 perspective, at least a separate SearchSpace that is different from the existing common SearchSpace should be supported for monitoring the PDCCH addressed to the C-RNTI after successful completion of the RACH procedure during RA-SDT
· It is up to RAN2 decision if the separate SearchSpace is UE-specific or common to the UEs performing RA-SDT
· If the separate SearchSpace is not configured, type-1 PDCCH CSS can be reused.
· FFS UE-specific CORESET or common CORESET

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 this contribution, we will discuss the potential RAN1 impacts for small data transmission including the association of CG resources and SSBs, TA validation for CG-SDT.
2. [bookmark: OLE_LINK6]Discussion 
2.1. [bookmark: _Ref47374690][bookmark: OLE_LINK21]TA validation for CG-SDT
During the RAN2#113-e meeting, RAN2 sent a LS [2] to RAN1 asking input on the TA validation mechanism for CG-SDT.
Generally, if a UE is in stationary or low mobility state since the latest time it has obtained the TAC, the TA can be still considered as valid for a time. Besides, from experimental statistical point of view, the serving cell and/or neighbor cell measurement quality (e.g. RSRP/RSRP) would not change largely. Based on this fact, TA validation mechanism based on serving cell RSRP changes is specified for LTE PUR. Some corresponding RAN1 agreements are given as follows,
	Some relevant agreements:
RAN1#95 meeting: 
1) In IDLE mode, at least the following TA validation attributes are supported: 
· Serving cell changes (serving cell refers the cell that the UE is camping on) 
· Time Alignment Timer for IDLE mode 
· Serving cell RSRP changes 
2) The UE can be configured to use at least these TA validation attributes:
· Time Alignment Timer for IDLE mode
· Serving cell RSRP changes 
· Note: the configuration shall support disabling of the TA validation attributes 
3) FFS: TA validation attributes: 
· Subscription based UE differentiation (or Stationary indication in held in subscription) 
· Cell specific indication where TA is valid within that cell 
RAN1#96 meeting: 
1) In IDLE mode, the TA validation configuration can include “PUR Time Alignment Timer”
· Where the UE considers the TA as invalid if the (current time – time at last TA update) > the PUR Time Alignment Timer.
· Details on how to specify the “PUR Time Alignment Timer” is up to RAN2.
2) In IDLE mode, when the UE validates TA, the UE considers the TA for the previous serving cell as invalid if the serving cell changes
· Above applies for the case where the UE is configured to use the serving cell change attribute.
3) In IDLE mode, a UE can be configured such that TA is always valid within a given cell
· FFS:  Up to RAN2 how to implement (e.g. PUR Time Alignment Timer = infinity).
RAN1#96-bis meeting:
1) The value(s) of NRSRP threshold(s) is UE specific.


Specifically, a UE considers the TA as valid, if the serving cell RSRP level has changed less than a configured RSRP threshold and/or the PUR-TA timer is running.  When the UE obtains the latest TA in CONNECTED at the moment of T0, it will measure the serving cell downlink signal strength cell-RSRP(T0). Then at another moment of T1, given that the RRC layer triggers PUR procedure in RRC IDLE, it will again measure measures the cell-RSRP(T1) of the serving cell and consequently compare the value of abs(cell-RSRP(T1) - cell-RSRP(T0)) (i.e. RSRP changes) against the configured RSRP threshold. If the RSRP changes has not exceeded the configured threshold, the IDLE UE can assume that the stored TA value is still valid and perform the CG-PUSCH transmission. 
For NR CG-SDT with multi-beam operation, in our understanding, the spontaneous logic is to reused the LTE PUR TA validation mechanism since the existing NR beam consolidation mechanism can be adopted. As a result, the impact of beam-level measurement on cell quality measurement in higher layers becomes transparent. For example, the cell selection criteria, cell reselection criteria, and measurement rule for cell (re)selection in LTE is exactly the same as that of NR (even the corresponding configured threshold range are the same).
[bookmark: _Hlk68637484]Based on the analysis above, we think the legacy LTE PUR TA validation mechanism can be combined with the NR beam consolidation mechanism for the TA validation in NR CG-SDT procedure (i.e. beam consolidation is used to derive cell quality and the cell quality is considered as an input parameter for TA validation). An example of this framework is shown below,  


Figure 1: Example of cell-level RSRP based TA validation for CG-SDT
Above all, the change of cell level RSRP, e.g. L3-RSRP can be adopted for the validation of TA for CG-SDT. A RSRP change threshold for determining TA validation can be configured. The values of RSRP change threshold in LTE PUR (preconfigured UL resource) can be reused.
[bookmark: _Ref68626936][bookmark: _GoBack]Proposal 1:  For CG-SDT, validity of uplink TA can be determined based on the serving cell level RSRP change.

2.2. Mapping between CG-SDT resources and SSBs
In RAN1 #104-e meeting, following conclusions were reached for the association of CG-SDT resources and SSBs.
· 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


First, it should be clarified that how to configure CG-SDT resource.
· Option 1: reuse the configuration mechanism for CG configuration in licensed band
· Option 2: reuse the configuration mechanism for msgA PUSCH configuration of 2-step RACH
Compared to option 1, multiple TDMed and/or FDMed PUSCH resources for CG-SDT within a periodicity can be configured for option 2, which is more flexible. An example is shown in the following figure.

 Figure 2: Example of PUSCH resource configuration for CG-SDT

[bookmark: _Ref68626941][bookmark: _Ref68626991]Proposal 2: For configuration of CG-SDT PUSCH resource, option 2 is preferred, i.e. reuse the configuration mechanism for msgA PUSCH configuration of 2-step RACH.

Secondly, how to map CG-SDT resources with SSBs should be determined. To support multiple beam operation for CG-SDT, multiple CG PUSCH occasion should be configured within a CG periodicity (i.e. one CG configuration), to which multiple SSB can be mapped. To be more specific, multiple SSB may mapped to one CG PUSCH occasion with different DM-RS resource.   
For option 1, SSB-to-RO mapping rule can be reuse for SSB-to-CG-PUSCH mapping. One-to-one mapping is adopted for an SSB and a CG PUSCH with a DMRS resource. 
Option 2 may have large RAN2 impacts since the configuration of mapping of SSB and CG-SDT resource should be explicitly specified in the RAN2 spec.
[bookmark: _Ref68626944]Proposal 3: For mapping between SSB and CG-SDT resources, option 1 is preferred, i.e.
· Opt. 1: Define the SSB-to-CG-PUSCH mapping rule 
· Reuse the SSB-to-RO mapping as the baseline
· One-to-one mapping is adopted for an SSB and a CG PUSCH with a DMRS resource.

CG-SDT PUSCH validation
For CG-SDT resource, it will not be used when it conflicts with DL symbols or SSB. Besides, when a CG-SDT resource is conflicting with DL or SSB, no SSB is associated with the CG-SDT resource. Therefore, CG-SDT validation is needed. Similar to msgA PUSCH, the validation rule for msgA PUSCH can be reused for CG-SDT.
[bookmark: _Ref68626947]Proposal 4: For CG-SDT resource, msgA PUSCH validation rule can be reused.

CG-SDT PUSCH repetition
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: _Ref68626950][bookmark: _Ref68636287]Proposal 5: If CG-SDT PUSCH repetitions are supported, all PUSCH repetitions are associated with the same SSB(s). A RV sequence for CG-SDT PUSCH repetitions are defined, e.g. RV= {0, 2, 3, 1}.

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, validity of uplink TA can be determined based on the serving cell level RSRP change.
Proposal 2: For configuration of CG-SDT PUSCH resource, option 2 is preferred, i.e. reuse the configuration mechanism for msgA PUSCH configuration of 2-step RACH.
Proposal 3: For mapping between SSB and CG-SDT resources, option 1 is preferred, i.e.
· Opt. 1: Define the SSB-to-CG-PUSCH mapping rule 
· Reuse the SSB-to-RO mapping as the baseline
· One-to-one mapping is adopted for an SSB and a CG PUSCH with a DMRS resource.
Proposal 4: For CG-SDT resource, msgA PUSCH validation rule can be reused.
Proposal 5: If CG-SDT PUSCH repetitions are supported, all PUSCH repetitions are associated with the same SSB(s). A RV sequence for CG-SDT PUSCH repetitions are defined, e.g. RV= {0, 2, 3, 1}.
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