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[bookmark: _Ref506539118]Introduction
At the RAN1#107-e meeting, the following agreements and conclusions were made for CG-SDT [1].  
Agreement
· UE specific power control parameters P0 and alpha should be configured for initial UL transmission for CG-SDT
· Existing closed loop power control mechanism can be reused for re-transmission and subsequent data transmission.
· For RA-SDT power control parameters preambleReceivedTargetPower and powerRampingStep:
· For separate ROs, the power control parameters can be RA-SDT specific
Agreement
Separate common search space that can be configured for RA-SDT within the initial DL BWP can also be configured for CG-SDT.
Conclusion
No need to restrict the same value of mapping ratio for all CG configurations.
Conclusion
RAN1 cannot reach consensus on whether to support multiple CG occasions per CG period
· Note that the CG PUSCH with multiple DMRS is considered as one CG occasion.
Conclusion
During subsequent data transmission, no need to explicitly report beam to gNB.
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.
Agreement
Reply LS on the physical layer aspects of small data transmission is endorsed in R1-2112782
In the contribution, we present our views on remaining issue for physical layer aspects of small data transmission. 
Mapping between SSB and CG-PUSCH resource
Mapping ratio
For CG-SDT, association between CG resource and SSB is needed for proper multi-beam operation. At the RAN1#106b-e meeting, it was agreed that mapping ratio of SSB to CG PUSCH is configured per CG configuration. In addition, it was agreed to support at least {1, 2, 4, 8, 16} for the candidate value set of SSB to CG PUSCH mapping ratio. It is for further study whether to restrict the same value for all CG configuration and/or allow different value for different CG configurations [2].  Note that for the mapping ratio of SSB to CG PUSCH, when N < 1, each SSB index is mapped to 1/N consecutive valid CG PUSCH resources. If N 1, each valid CG PUSCH resource is associated with all the N SSB index. 
In our view, it may not be desirable to additionally support one to many mapping between SSB to CG-PUSCH resource, where one SSB is associated with multiple CG-PUSCH resources. Given the fact that CG-PUSCH configuration is configured in RRC release message and is UE specific, transmission of CG-PUSCH would be contention free. In this case, it may not be necessary to allow UE to randomly select one CG-PUSCH resource among the configured CG-PUSCH resources associated with a single SSB. Hence, in our view, association of multiple CG-PUSCHs with a single SSB may not be needed for CG-SDT operation. 
Proposal 1
· For the mapping ratio of SSB to CG PUSCH resource
· Do not support mapping ratio < 1. 

Repetition of CG-PUSCH
To improve the coverage for PUSCH transmission during CG-SDT, repetition can be supported for CG-PUSCH transmission, which is similar to what was defined for CG-PUSCH configuration in Rel-15/16. Further, for CG-SDT operation, the repetitions are considered as a bundle of transmission occasions that are mapped to a same SSB.
One issue as brought up during the discussion was that when one of the CG-PUSCH repetitions is dropped due to invalidation rule, the number of repetitions for different CG-PUSCH resources for a CG-PUSCH configuration may be different, which would lead to unbalanced coverage performance for different CG-PUSCH transmissions. In our view, even with different number of repetitions associated with different SSBs, CG-PUSCH coverage performance can still be improved. In case of decoding failure of initial CG-PUSCH transmission, gNB may schedule the retransmission of CG-PUSCH to ensure the performance. Hence, special handling of the CG-PUSCH repetitions for CG-SDT operation is not needed. 
Proposal 2
· Repetition of CG-PUSCH is supported. 
· The repetitions are considered as a bundle of transmission occasions that are mapped to a same SSB. 

Validation of CG-PUSCH
At the RAN1#106b-e meeting, it was agreed that a CG PUSCH occasion is not valid if it overlaps with any valid PRACH occasion. It is FFS overlapping between CG PUSCH occasions and MsgA PUSCH occasion [2]. If CG PUSCH occasion overlaps with MsgA PUSCH occasion, when two UEs transmit CG PUSCH for CG-SDT and MsgA PUSCH for 2-step RACH in the overlapped resources, gNB may not be able to differentiate these two and hence lead to decoding failure. In this case, it is more desirable to avoid overlapping between CG PUSCH occasions and MsgA PUSCH. In our view, a CG PUSCH occasion is not valid if it overlaps with any valid MsgA PUSCH occasion. 
The following TP is proposed for the validation of CG PUSCH occasion for CG-SDT in Section 19.1 in [3].
	------------------------------   TP#1: TS 38.213-----------------------------------
< Unchanged text omitted >
[bookmark: _Toc92093907]19	PUSCH transmission in RRC_INACTICVE state 
[bookmark: _Toc83289645][bookmark: _Toc92093908]19.1	Configured-grant based PUSCH transmission
< Unchanged text omitted >
A PUSCH occasion is valid if it does not overlap with a valid PRACH occasion as described in clause 8.1 and a MsgA PUSCH occasion as described in clause 8.1A. 
For unpaired spectrum and for SS/PBCH blocks with indexes provided by ssb-PositionsInBurst in SIB1 or by ServingCellConfigCommon
-	if a UE is not provided tdd-UL-DL-ConfigurationCommon, a PUSCH occasion is valid if the PUSCH occasion
-	does not precede a SS/PBCH block in the PUSCH slot, and 
-	starts at least  symbols after a last SS/PBCH block symbol, where  is provided in Table 8.1-2
-	if a UE is provided tdd-UL-DL-ConfigurationCommon, a PUSCH occasion is valid if the PUSCH occasion
-	is within UL symbols
-	starts at least  symbols after a last downlink symbol, and at least  symbols after a last SS/PBCH block symbol, where  is provided in Table 8.1-2
< Unchanged text omitted >



Proposal 3
· A CG PUSCH occasion is not valid if it overlaps with any valid MsgA PUSCH occasion. 
· Agree on TP#1 for validation of CG PUSCH occasion for CG-SDT.
 
Association pattern period
At the RAN1#106-e meeting, it was agreed that each N of consecutive SSB indexes associated to one CG configuration are mapped to valid CG PUSCH resources. Further, the SSB to CG PUSCH association period is the duration of multiple of CG periods depending on 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 [4]. 
Given the fact that for a CG configuration for CG-SDT operation, SSBs are associated with CG-PUSCH resource instead of CG-PUSCH occasions, current description on unused CG-PUSCH resources which are not associated with SSB, and association pattern period are not accurate. 
The following TP is proposed for association pattern period for SSB and CG-PUSCH resources for CG-SDT in Section 19.1 [3].
	------------------------------   TP#2: TS 38.213-----------------------------------
< Unchanged text omitted >
19.1	Configured-grant based PUSCH transmission
< Unchanged text omitted >
An association period, starting from frame TBD, for mapping  SS/PBCH block indexes, from the number of SS/PBCH block indexes, to valid PUSCH occasions and associated DM-RS resources is the smallest value in the set determined by the PUSCH configuration period such that  SS/PBCH block indexes are mapped at least once to valid PUSCH occasions and associated DM-RS resources within the association period. A UE is provided a number of SS/PBCH block indexes associated with a PUSCH occasion and a DM-RS resource by sdt-SSB-perCG-PUSCH. If after an integer number of SS/PBCH block indexes to PUSCH occasions and associated DMRS resources mapping cycles within the association period there is a set of PUSCH occasions and associated DMRS resources that are not mapped to  SS/PBCH block indexes, no SS/PBCH block indexes are mapped to the set of PUSCH occasions and associated DMRS resources. An association pattern period includes one or more association periods and is determined so that a pattern between PUSCH occasions with associated DMRS resources and SS/PBCH block indexes repeats at most every 640 msec. PUSCH occasions and DMRS resources not associated with SS/PBCH block indexes after an integer number of association periods, if any, are not used for PUSCH transmissions.
< Unchanged text omitted >



Proposal 4
· Agree on TP#2 for association pattern period for SSB and CG-PUSCH resources for CG-SDT.

DMRS configuration for CG-PUSCH
For CG-SDT, the CG configuration mechanism in licensed band can be reused for CG-SDT in principle. This includes the time and frequency domain resource allocation for CG-PUSCH resource. Further, at the RAN1#106-e meeting, it was agreed that the ordering of valid CG-PUSCH resources is first determined 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 [4]. 
Given that multiple DMRS antenna ports and DMRS sequences are defined as DMRS resource, this indicates that DMRS configuration for CG-PUSCH may not be directly applied for CG-SDT. To address this issue, a list of DMRS antenna ports and up to two DMRS sequences can be configured for CG-PUSCH configuration, which can minimize the specification impact. 
The following TP is proposed for DMRS sequence initialization determination for CG-PUSCH transmission for CG-SDT in Section 6.4.1.1.1.1 [5]. 
	------------------------------   TP#3: TS 38.211-----------------------------------
< Unchanged text omitted >
6.4.1.1.1.1   Sequence generation when transform precoding is disabled
< Unchanged text omitted >
The quantity  is
-	indicated by the DM-RS initialization field, if present, either in the DCI associated with the PUSCH transmission if DCI format 0_1 or 0_2, in [4, TS 38.212] is used;
-	indicated by the higher layer parameter dmrs-SeqInitialization, if present, for a Type 1 PUSCH transmission with a configured grant; 
-	determined by the mapping between preamble(s) and a PUSCH occasion and the associated DMRS resource for a PUSCH transmission of Type-2 random access process in [5, TS 38.213];
-	determined by the mapping between SS/PBCH block(s) and a PUSCH occasion and the associated DMRS resource for a PUSCH transmission with Type-1 configured grant in RRC_INACTIVE state [5, TS 38.213];
-	otherwise .
< Unchanged text omitted >



In addition, the following TP is proposed for DMRS antenna port determination for CG-PUSCH transmission for CG-SDT in Section 6.2.2 [6].
	------------------------------   TP#4: TS 38.214-----------------------------------
< Unchanged text omitted >
[bookmark: _Toc11352161][bookmark: _Toc20318051][bookmark: _Toc27299949][bookmark: _Toc29673224][bookmark: _Toc29673365][bookmark: _Toc29674358][bookmark: _Toc36645588][bookmark: _Toc45810637][bookmark: _Toc91695512]6.2.2	UE DM-RS transmission procedure
< Unchanged text omitted >
When transmitted PUSCH is scheduled by DCI format 0_1 with CRC scrambled by C-RNTI, CS-RNTI, SP-CSI-RNTI or MCS-C-RNTI, or corresponding to a configured grant, or being a PUSCH for Type-2 random access procedure,
-	for PUSCH corresponding to a configured grant in RRC_INACTICVE state absence of RRC connection, the UE is provided with a set of DM-RS port(s) by [DMRS-UplinkConfigs],. and the DM-RS resource index  is determined as defined The DMRS port for the PUSCH is determined by the mapping between SS/PBCH block(s) and a PUSCH occasion and the associated DMRS resource in Clause 19.1 of [6, TS 38.213]. 
-	the UE may be configured with higher layer parameter dmrs-Type in DMRS-UplinkConfig, and the configured DM-RS configuration type is used for transmitting PUSCH in as defined in Clause 6.4.1.1 of [4, TS 38.211]. 
< Unchanged text omitted >



Proposal 5
· A list of DMRS antenna ports and up to two DMRS sequences can be configured for CG-PUSCH configuration.
· Agree on TP#3 and TP#4 for determination of DMRS sequence initialization and antenna port for CG-PUSCH transmission for CG-SDT, respectively. 

Tx beam for PUCCH for CG-SDT
At the RAN1#106b-e meeting, it was agreed that 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 [2]. 
For subsequent DL data transmission during CG-SDT, certain mechanisms may need to be defined to determine the Tx beam of PUCCH carrying HARQ-ACK response of the corresponding PDSCH. Following similar design principle as defined for 2-step RACH, during CG-SDT, UE transmits PUCCH carrying HARQ-ACK feedback in response to a PDSCH with a same spatial domain transmission filter in a same active UL BWP as a last PUSCH transmission.
The following TP is proposed for Tx beam for PUCCH carrying HARQ-ACK feedback in response to a PDSCH for CG-SDT in Section 19.1 [3].
	------------------------------   TP#5: TS 38.213-----------------------------------
< Unchanged text omitted >
19.1	Configured-grant based PUSCH transmission
< Unchanged text omitted >
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]. The UE may assume that the DM-RS antenna port associated with the PDCCH receptions, the DM-RS antenna port associated with the PDSCH receptions, and the SS/PBCH block associated with the PUSCH transmission are quasi co-located with respect to average gain and quasi co-location 'typeA' or 'typeD' properties. The UE transmits a PUCCH with HARQ-ACK information associated with the PDSCH receptions as described in clause 9.2.1. The PUCCH transmission is with a same spatial domain transmission filter and in a same active UL BWP as a last PUSCH transmission.
< Unchanged text omitted >


Proposal 6
· For CG-SDT, UE transmits the PUCCH carrying HARQ-ACK feedback in response to a PDSCH with a same spatial domain transmission filter as a last PUSCH transmission.
· Agree on TP#5 for Tx beam for PUCCH carrying HARQ-ACK feedback in response to a PDSCH for CG-SDT. 

Support of SDT for HD-FDD RedCap UEs
At the RAN1#107-e meeting, it was concluded that 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 [1]. 
For the validation of CG-PUSCH occasions for HD-FDD RedCap UEs, it is more desirable to follow same rule as defined for FDD for CG-SDT operation. Given that gNB may not be able to differentiate whether the UEs are FDD or HD-FDD UEs during CG-SDT, if the validation of CG-PUSCH occasions for HD-FDD UEs follows that for TDD operation, this may introduce mis-alignment between gNB and UE on the association between SSB and CG-PUSCH resource and may result in CG-PUSCH decoding failure. Hence, in our view, for HD-FDD RedCap UEs, validation rule for CG-PUSCH occasions defined for FDD is re-used for CG-SDT. 
Proposal 7
· For a HD-FDD RedCap UE, validation rule for CG-PUSCH occasions defined for FDD is re-used for CG-SDT.
· No TP is needed for validation rule for CG-PUSCH occasions for HD-FDD RedCap UEs.

[bookmark: _Ref52481833]Conclusions
In this contribution, we presented our views on remaining issue for physical layer aspects of small data transmission. Further, we summarize the proposals as follows:
Proposal 1
· For the mapping ratio of SSB to CG PUSCH resource
· Do not support mapping ratio < 1. 
Proposal 2
· Repetition of CG-PUSCH is supported. 
· The repetitions are considered as a bundle of transmission occasions that are mapped to a same SSB. 
Proposal 3
· A CG PUSCH occasion is not valid if it overlaps with any valid MsgA PUSCH occasion. 
· Agree on TP#1 for validation of CG PUSCH occasion for CG-SDT.
Proposal 4
· Agree on TP#2 for association pattern period for SSB and CG-PUSCH resources for CG-SDT.
Proposal 5
· A list of DMRS antenna ports and up to two DMRS sequences can be configured for CG-PUSCH configuration.
· Agree on TP#3 and TP#4 for determination of DMRS sequence initialization and antenna port for CG-PUSCH transmission for CG-SDT, respectively. 
Proposal 6
· For CG-SDT, UE transmits the PUCCH carrying HARQ-ACK feedback in response to a PDSCH with a same spatial domain transmission filter as a last PUSCH transmission.
· Agree on TP#5 for Tx beam for PUCCH carrying HARQ-ACK feedback in response to a PDSCH for CG-SDT. 
Proposal 7
· For a HD-FDD RedCap UE, validation rule for CG-PUSCH occasions defined for FDD is re-used for CG-SDT.
· No TP is needed for validation rule for CG-PUSCH occasions for HD-FDD RedCap UEs.
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