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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In this contribution, we discuss the remaining RAN1 related issues for small data transmission in RRC inactive state, including
· SSB to CG PUSCH resource mapping for CG-SDT, 
· CG PUSCH resource allocation,
· CG PUSCH resource validation, 
· TX scheme of CG PUSCH and DG PUSCH for SDT,
· Spatial domain transmission filter of PUCCH in SDT,
· Pathloss reference for CG-SDT.
2. [bookmark: OLE_LINK6]Discussion 
2.1. [bookmark: _Ref47374690][bookmark: OLE_LINK21]Mapping between SSBs and CG PUSCH resources
In RAN1 #106b-e meeting, RAN1 aspects on mapping between CG PUSCH resources and SSBs were discussed. Following agreements on RAN1 aspects for CG-SDT were made in RAN1 [1]. 
	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}


As can be seen, it was agreed that the mapping ratio of SSB to CG PUSCH is configured per CG configuration. Then in RAN1 #107-e meeting, it has been further concluded that different mapping ratios can be configured for different CG configurations.
	Conclusion
No need to restrict the same value of mapping ratio for all CG configurations.


For mapping of SSB to CG PUSCH, one-to-one mapping, one-to-many mapping, and many-to-one mapping can be supported. Hence, the candidate value set of mapping ratio of SSB-to-PRACH occasion {1/8,1/4,1/2} can be supported.
[bookmark: _Ref83652090][bookmark: _Ref86655923]Proposal 1: The candidate value set of mapping ratio of SSB-to-PRACH occasion {1/8,1/4,1/2} is supported.
As is indicated in RAN2 LS [2], candidate values of CG period for SDT have been agreed to be the same as the CG period candidate values of Type 1 CG PUSCH transmissions in NR Rel-16:
	With regards to the RAN1 question whether there is any restriction on the candidate values of CG period, RAN2 agreed that there is no restriction from RAN2 perspective. 


According to above, the candidate value set of association period for SSB to CG PUSCH mapping can be based on CG Type 1 period, similar to the definition of candidate value set of association period for SSB to RO mapping based on PRACH configuration period in table Table 8.1-1 of 38.213 v17.0.0.
Proposal 2: Candidate value set of association period for SSB to CG PUSCH mapping can be based on legacy CG Type 1 period, similar to the definition of candidate value set of association period for SSB to RO mapping.
In section 2.5 of [3], one remaining issue is about the starting time of association period. Due to limited time, FL made one proposal below
	Proposal #2.5-4
For CG-SDT, the starting time of association period is SFN0.


For SSB to CG PUSCH association period, we do not see the need to have a start time other than SFN0 which is also the start time of SSB to RO association period. Thus, it is natural to us to have following proposal.
Proposal 3: For CG-SDT, the starting time of SSB to CG PUSCH association period is SFN0.
2.2. CG PUSCH resource allocation
In section 2.5 of [3] , another remaining issue is about the TDRA of CG PUSCH, for which FL made a proposal below.
	Proposal #2.5-1
UE specific TDRA table can be configured for CG-SDT.


In our understanding, it could work to just use the SIB1 configured TDRA table (or default table when the SIB1 configured TDRA table is not present) for SDT in RRC inactive state. However, it would also be good to configure a UE specific TDRA table which can be more flexible so that the collision between CG PUSCH and other UL signals can be avoided given the limited TDRA options provided in SIB1 configured TDRA table intended for all UEs. 
Furthermore, such UE specific TDRA table can be used by subsequent SDT (in either RA-SDT or CG-SDT) or retransmission of SDT scheduled by DCI. 
With that, we have following proposal.
Proposal 4: UE specific TDRA table is configured in RRC release message for scheduling a PUSCH for CG-SDT or subsequent SDT or retransmission of SDT.
2.3. [bookmark: OLE_LINK16]CG PUSCH resource validation
RAN1 made the following agreements on validation of CG PUSCH resource in SDT topic and validation of MsgA PUSCH for RedCap UEs in RedCap topic in RAN1 #106b-e meeting [1].
	Agreement (SDT)
· The following PUSCH occasion validation rule is applied for CG-SDT
· for unpaired spectrum and for SS/PBCH blocks with indexes provided by ssb-PositionsInBurst in SIB1 or by ServingCellConfigCommon
· if a UE is provided tdd-UL-DL-ConfigurationCommon, the valid PO is the PO in UL part in a slot, or at least Ngap symbols after the end of the DL part in a slot or after the end of the SSB in a slot
· if a UE is not provided tdd-UL-DL-ConfigurationCommon, the valid PO does not precede a SS/PBCH block in the PUSCH slot, starts at least Ngap symbols after a last SS/PBCH block symbol 
· Ngap is provided in Table 8.1-2 in TS 38.213
· FFS if any validation rule following the CG-PUSCH in RRC connected state is applicable, and whether and how to handle the overlapping between CG-PUSCH occasions for CG-SDT and any valid PRACH occasion or MsgA PUSCH occasion.
· FFS the rule for paired spectrum, and whether/how to support CG-SDT for UEs operating in Type-A HD-FDD.

Agreement (SDT)
A CG PUSCH occasion is not valid if it overlaps with any valid PRACH occasion.
· FFS overlapping between CG PUSCH occasions and MsgA PUSCH occasion

Conclusion (SDT)
No need to define UL/DL pattern type of validation rule specific for paired spectrum at least for non-RedCap UEs.
· FFS the case for RedCap UEs

Agreement(RedCap)
· The same validation rules of MsgA PUSCH occasions and RO/Preamble-to-PRU mapping rules for FDD can be reused for HD-FDD

Agreement(RedCap)
· For MsgA PUSCH occasion overlapping with dynamic or semi-static DL reception, leave it to UE implementation to prioritize the DL reception or MsgA PUSCH transmission


According to the conclusions and agreements, for non-RedCap UEs, all CG PUSCH occasions for CG-SDT are valid for paired spectrum and there’s no need to define UL/DL pattern type of validation rule for paired spectrum for non-RedCap UEs.
For RedCap UEs in HD-FDD operation , the same rule needs to be used as for non-RedCap UEs. When there are both non-RedCap UEs and RedCap UEs in a cell, there could be different understandings on the validation of CG PUSCH occasion and the SSB-to-CG PUSCH mapping for SDT, for non-RedCap UEs and RedCap UEs, which may complicate the network configuration. For RedCap UEs, the collision handling discussed in RedCap WI can be reused. 
For a HD-FDD RedCap UE supporting CG-SDT, the PO validation rule defined for CG-SDT of a FD-FDD UE can be re-used.
[bookmark: _Ref86655925]Proposal 5: The collision handling mechanisms agreed in RedCap WI are reused for SDT of RedCap UEs, and the PO validation rule defined for CG-SDT of a FD-FDD UE can be re-used for a HD-FDD RedCap UE supporting CG-SDT.
[bookmark: _Ref86655926]For CG PUSCH overlapping with MsgA PUSCH, this has also been discussed in RAN1 #107-e meeting though there’s no conclusion as different companies have different views. According to the discussions summarized in [3], for a UE that supports both CG-SDT and 2-step RACH, it could be fine to say CG PUSCH is not valid when overlapping happens. Furthermore, when a UE supporting both SDT and 2-step RACH performs MsgA transmission in CBRA, the MsgA PUSCH occasions overlapping with CG PUSCH must be treated as valid and mapped to some MsgA PRACH preambles since gNB doesn’t know whether such UE (with its MsgA received by gNB) has a CG PUSCH overlapping with MsgA PUSCH. Therefore, it would be good to invalidate the CG PUSCH instead of having such collision handling up to UE implementation in such case when the UE supports both 2-step RACH and SDT.
Proposal 6: For a UE that supports both CG-SDT and 2-step RACH, CG PUSCH  occasions for SDT are treated as invalid when overlapping with MsgA PUSCH occasion, i.e. MsgA PUSCH occasion should be prioritized.
For a UE that doesn’t support 2-step RACH, it may not read MsgA PUSCH configurations though it is possible for the UE to read them from SIB1. In such case, the CG PUSCH occasion configured for this UE for CG-SDT can be treated as valid even if it overlaps with a MsgA PUSCH occasion for other UEs supporting 2-step RACH, and the overlapping MsgA PUSCH occasions should also be treated as valid since other UEs have no idea of the CG PUSCH configurations for SDT of the UE. Thus, we have following proposal for this case.
Proposal 7: For a UE that supports CG-SDT but doesn’t support 2-step RACH, CG PUSCH  occasions for SDT can be treated as valid when overlapping with MsgA PUSCH occasions.
2.4. TX schemes of CG PUSCH
In RAN1 #106bis-e meeting, following agreement has been made to preclude multi-layer transmission of CG PUSCH for SDT in RRC inactive state.
	Agreement
Multi-layer PUSCH transmission is not supported for CG-SDT.


This agreement doesn’t preclude CG PUSCH with multiple antenna ports when rank is 1 and it doesn’t consider DG PUSCH for subsequent SDT either. Furthermore, in Rel-15/16 specification, it is specified that if PUSCH is scheduled by DCI format 0_0, the PUSCH transmission is based on a single antenna port. In 38.213 V17.0.0, only DCI 0_0 is captured for scheduling PUSCH transmission for SDT, which seems based on the assumption of supporting only single antenna port for SDT. However, there’s no agreement yet that RAN1 can not support non-fallback DCI to schedule a DG PUSCH for subsequent SDT. Thus, it is necessary to further discuss and conclude whether non-fallback DCI can be used for subsequent SDT.
	38.213 V17.0.0
A UE can be provided a USS set by sdt-CG-SearchSpace, or a CSS set by sdt-SearchSpace, to monitor PDCCH for detection of DCI format 0_0 with CRC scrambled by C-RNTI or CS-RNTI for scheduling PUSCH transmission or of DCI format 1_0 with CRC scrambled by C-RNTI for scheduling PDSCH receptions [12, TS 38.331].


If multiple antenna ports are supported for SDT, it should be clarified whether both codebook based and nonCodebook based TX schemes are supposed to be supported.
According to above, we have following proposal to prioritize this issue which has impacts on RRC parameters.
Proposal 8: RAN1 to discuss and conclude 
· whether multiple antenna ports are supported for CG SDT transmissions, and if supported whether codebook based and nonCodebook based TX schemes are supported.
· whether non-fallback DCI is supported for subsequent SDT.
2.5. Spatial domain transmission filter of PUCCH in SDT
In RAN1 #106bis-e meeting, following agreement has been made for spatial relation between DMRS of PDCCH and SSB associated to the CG PUSCH transmissions.
	Agreement
For CG-SDT, the UE can assume the PDCCH carrying the DCI has the same DM-RS antenna port quasi co-location properties as for a SSB associated to the CG PUSCH transmission e.g. for detection of retransmission DCI in response to a CG PUSCH transmission.


However, there’s no agreement on whether the PUCCH transmission in SDT should have a corresponding UL beam same as the CG PUSCH associated with SSB transmissions. In RAN1 #106bis-e meeting, common PUCCH resource is agreed to be used for PUCCH transmission in SDT in RRC inactive state.
	Agreement
· RAN1 confirms that common PUCCH resources (i.e. those that are shared with non-SDT UEs) can also be used for HARQ-ACK feedback for Msg4 /MsgB and subsequent SDT transmissions.
· RAN1 thinks there is no need for any other PUCCH resources than common PUCCH resources shared with non-SDT UEs.



In current specification, section 9.2.1 of 38.213 v17.0.0, the PUCCH transmission before dedicated PUCCH resource is available is supposed to have same beam as the PUSCH transmission scheduled by RAR. 
	The UE transmits the PUCCH using the same spatial domain transmission filter as for a PUSCH transmission scheduled by a RAR UL grant as described in clause 8.3. 


This may be not applicable to PUCCH transmission in SDT since there would be no PUSCH transmission scheduled by RAR during CG-SDT. In our understanding, when CG-SDT is selected, it is more reasonable to have the PUCCH transmission with same spatial domain transmission filter as for a CG PUSCH transmission for SDT.
Proposal 9: When CG-SDT is selected, PUCCH transmission in RRC inactive state for SDT should have same spatial domain transmission filter as for a CG PUSCH transmission for CG-SDT.
2.6. Pathloss reference for CG-SDT
For CG-SDT, CG PUSCH resources are mapped to SSBs and the pathloss estimation for CG PUSCH resource is based the SSB associated with the CG PUSCH according to following agreements:
	Agreement
The pathloss for CG-SDT PUSCH power control can be determined by the measurement of selected SSB associated with the CG PUSCH.


However, in current specification, section 7.1.1 of 38.213 v17.0.0, pathloss of PUSCH for CG is estimated based on the RS resource provided by pathlossReferenceIndex which is configured in rrc-ConfiguredUplinkGrant.
To capture the agreement, TP 1 is proposed.
Proposal 10: For CG-SDT, the agreement that the associated SSB is used to estimate the pathloss for CG PUSCH should be captured according to TP1 for section 7.1.1 of 38.213 v17.0.0.
----------------------------------------- start of TP1 to section 7.1.1 of 38.213 v17.0.0 -------------------------------------
[bookmark: _Ref500774487][bookmark: _Toc12021446][bookmark: _Toc20311558][bookmark: _Toc26719383][bookmark: _Toc29894814][bookmark: _Toc29899113][bookmark: _Toc29899531][bookmark: _Toc29917268][bookmark: _Toc36498142][bookmark: _Toc45699168][bookmark: _Toc92093809][bookmark: _Ref497117847]7.1.1	UE behaviour
**** unchanged text omitted****
-	For a PUSCH transmission configured by ConfiguredGrantConfig, if rrc-ConfiguredUplinkGrant is included in ConfiguredGrantConfig, a RS resource index  is provided by a value of pathlossReferenceIndex included in rrc-ConfiguredUplinkGrant where the RS resource is either on serving cell  or, if provided, on a serving cell indicated by a value of pathlossReferenceLinking. If the UE is provided two SRS resource sets in srs-ResourceSetToAddModList or srs-ResourceSetToAddModListDCI-0-2 with usage set to 'codebook' or 'nonCodebook' and for configured grant Type 1 PUSCH, first and second RS resource indexes  are provided by respective values of pathlossReferenceIndex and pathlossReferenceIndex2 in rrc-ConfiguredUplinkGrant.
-	For Configured-grant based PUSCH transmission in RRC_INACTICE state as described in clause 19.1, the RS resource is the determined SS/PBCH block associated to the PUSCH occasion and associated DM-RS resource.
**** unchanged text omitted****
----------------------------------------- end of TP1 to section 7.1.1 of 38.213 v17.0.0 -------------------------------------
3. Conclusion
In this contribution, we discuss the remaining impacts on the small data transmission from RAN1’s perspective. The proposals are summarized below.
Proposal 1: The candidate value set of mapping ratio of SSB-to-PRACH occasion {1/8,1/4,1/2} is supported.
Proposal 2: Candidate value set of association period for SSB to CG PUSCH mapping can be based on legacy CG Type 1 period, similar to the definition of candidate value set of association period for SSB to RO mapping.
Proposal 3: For CG-SDT, the starting time of SSB to CG PUSCH association period is SFN0
Proposal 4: UE specific TDRA table is configured in RRC release message for scheduling a PUSCH for CG-SDT or subsequent SDT or retransmission of SDT.
Proposal 5: The collision handling mechanisms agreed in RedCap WI are reused for SDT of RedCap UEs, and the PO validation rule defined for CG-SDT of a FD-FDD UE can be re-used for a HD-FDD RedCap UE supporting CG-SDT.
Proposal 6: For a UE that supports both CG-SDT and 2-step RACH, CG PUSCH  occasions for SDT are treated as invalid when overlapping with MsgA PUSCH occasion, i.e. MsgA PUSCH occasion should be prioritized.
Proposal 7: For a UE that supports CG-SDT but doesn’t support 2-step RACH, CG PUSCH  occasions for SDT can be treated as valid when overlapping with MsgA PUSCH occasions.
Proposal 8: RAN1 to discuss and conclude 
· whether multiple antenna ports are supported for CG SDT transmissions, and if supported whether codebook based and nonCodebook based TX schemes are supported.
· whether non-fallback DCI is supported for subsequent SDT.
Proposal 9: When CG-SDT is selected, PUCCH transmission in RRC inactive state for SDT should have same spatial domain transmission filter as for a CG PUSCH transmission for CG-SDT.
[bookmark: _GoBack]Proposal 10: For CG-SDT, the agreement that the associated SSB is used to estimate the pathloss for CG PUSCH should be captured according to TP1 for section 7.1.1 of 38.213 v17.0.0.

References
[1] [bookmark: _Ref16602912][bookmark: _Ref7542291][bookmark: OLE_LINK15][bookmark: _Ref47519599][bookmark: _Ref20930526][bookmark: OLE_LINK18][bookmark: OLE_LINK19]Chairman’s Notes, 3GPP RAN1 #106b-e.
[2] [bookmark: _Hlk95142711][bookmark: _Ref95311626]R2-2201828, Reply LS on the L1 aspects of small data transmission, 3GPP RAN2 #116bis-e, January 17th -26th, 2022.
[3] [bookmark: _Ref95317332]R1-2112779, Summary on the physical layer aspects of small data transmission, 3GPP RAN1 #107-e, November 11th - 19th, 2021.
