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1. INTRODUCTION
This contribution addresses the following physical layer aspects of small data transmission:
· UE-specific search space configured for CG-SDT
· Configuration of CG-SDT resource on non-initial BWP
· Reception of HARQ-ACK information for PUSCH

The contribution proposes that:
· RAN1 confirms WA that UE-specific search space is configured for UEs performing CG-SDT;
· RAN1 confirms RAN2 agreement that CG-SDT resource can be configured on either initial BWP or separate SDT BWP;
· RAN1 confirms RAN2 assumption that existing L1 mechanism (DFI) can be used for CG-SDT.

2.  SEARCH SPACE AND BWP FOR CG-SDT 
RAN2 made a working assumption that UE-specific search space is configured for UEs performing CG-SDT and asked RAN1 to confirm it. In RAN1#106-e, RAN1 started to discuss this aspect but did not conclude.
The motivation for configuring UE-specific search space is to enable offloading. It is anticipated that the number of UEs in inactive state can be very large and this will eventually cause overload of the CSS if there is no possibility to configure USS for SDT UEs. Therefore, the working assumption should be confirmed.
Proposal 1: Confirm working assumption that UE-specific search space is configured for UEs performing CG-SDT
In RAN1#106-e, RAN1 also discussed whether to confirm the RAN2 agreement that CG-SDT resource can be configured on either initial BWP or separate BWP. Some companies expressed concerns on impact on specifications and SSB measurement and as a result, RAN1 agreed to confirm only that CG-SDT resource can be configured on initial BWP and asked RAN2 to provide more information on the necessity of configuring on a separate SDT BWP in the reply LS [1].
It seems unnecessary to wait for RAN2 to provide more information on this. The justification is to enable offloading for uplink resources. The concern on SSB measurements is not justified if the SDT BWP contains Coreset 0 and SSBs. If necessary, it can be specified that the UE does not expect configuration of SDT BWP that does not contain the resources of initial BWP, at least for TDD.
Proposal 2: Confirm RAN2 agreement that CG-SDT resource can be configured on either initial BWP or separate SDT BWP.
3. RECEPTION OF HARQ INFORMATION FOR PUSCH
RAN2 sent an LS with the following information:
	Agreement:
1. The separate search space is common to the UEs performing RA-SDT. Inform RAN1 of this agreement

	Agreement:

For RA-SDT
2. CFRA is not supported for RA-SDT

For CG-SDT
3. Working assumption: UE-specific search space is configured for UEs performing CG-SDT. RAN2 asks RAN1 whether this working assumption can be confirmed
4. CG-SDT resource can be configured on either initial BWP or separate SDT BWP. Ask RAN1 to confirm
5. RAN2 thinks that some feedback may be beneficial in case CG is used for subsequent transmission.  RAN2 assumes that existing mechanism can be used.


RAN2 requests RAN1 to provide on whether there is any issue with the assumption of reusing the existing L1 mechanism for agreement 5. 
In RAN1#106-e, RAN1 started to discuss options related to L1 feedback for CG-SDT. The options consisted in the following:
	On L1 feedback for CG-SDT
Proposal 7: RAN1 to further discuss the followings for L1 feedback for CG-SDT
-            Option 1: Support explicit L1 feedback for CG-SDT. 
  Option 1A: Reuse DFI based mechanism as introduced in Rel-16 NR-U
  Option 1B: Use UL grant scheduling DG-PUSCH with same HARQ process ID as CG-SDT PUSCH
-            Option 2: Explicit ACK is not supported for CG-SDT. Reuse Rel-15 CG re-transmission for CG-SDT


However, the above proposal ignored the fact that RAN2 already made agreements to support feedback based on dynamic retransmission. More specifically, RAN2 agreed on the following at RAN2#113bis:
Agreements:
1	CG-SDT resources can be configured at the same time on NUL and SUL 
2	Implicit release of CG-SDT resource is not supported
3	UE start a window after CG/DG transmission for CG-SDT.   FFS whether to design a new timer or to reuse an existing timer.

4	Support retransmission by dynamic grant for CG-SDT. 
5	Support multiple HARQ processes for uplink CG-SDT. 
6	CG resource availability delay is not considered as a criterion for CG validation.
7	UL carrier selection is performed before CG-SDT selection
8	FFS CG-SDT resource can be configured on BWPs other than initial BWP
Furthermore, RAN2 agreed on the following at RAN2#115:
	Agreements
1.	If none of the SSBs’ RSRP is above the RSRP threshold of CG-SDT criteria in the type selection phase, UE should select RA-SDT if RA-SDT criteria is met
2.	MAC PDU rebuilding is not required (unless we find a case that is needed)
3.	During subsequent CG transmission phase (i.e. after the UE has received response from NW) UE can initiate at least legacy RACH procedure (e.g. trigger due to no UL resources).  No MAC PDU rebuilding is required.  FFS if the RA-SDT RA resources can be used for subsequent data.   
a.	At least the following conditions are agreed: (1) no qualified SSB when the evaluation is performed; (2) when TA is invalid; (3) when SR is triggered due to lack of UL resource
4.	UE should release CG-SDT resource (if stored) when UE initiates RRC resume procedure from another cell which is different from the cell in which the RRCRelease is received.
5.	The C-RNTI previously configured in RRC_CONNECTED state is used for UE to monitor PDCCH in CG-SDT.  
6.	CS-RNTI based dynamic retransmission mechanism can be reused for CG-SDT.  FFS whether CS-RNTI is the same one as the one previously configured in RRC_CONNECTED or a new CS-RNTI one is provided to the UE
7.	During the subsequent new CG transmission phase, for the purpose of CG resource selection, UE re-evaluates the SSB for subsequent CG transmission.  FFS what happens if no SSBs are valid or if no sample is available
8.	From RAN2 perspective, at least the following parameters should be included in the CG-SDT configuration. FFS whether these parameters are common for multiple CG-SDT configurations or per CG-SDT configuration.
· The new TA timer in RRC_INACTIVE;
· The RSRP change threshold for TA validation mechanism in SDT (details dependent on RAN1);
· The SSB RSRP threshold for beam selection (i.e. UE selects the beam and associated CG resource for data transmission).



Observation: RAN2 already agreed on retransmission by dynamic grant and CS-RNTI-based retransmission for CG-SDT.
Therefore, Option 1B is already agreed in RAN2 and the only aspect that is left for RAN1 to decide is whether to confirm RAN2 assumption that DFI-based mechanism can be used for CG-SDT. 
In R16, downlink feedback indication (DFI) is introduced to support operation in unlicensed spectrum and is carried by DCI format 0_1. For CG-SDT, reusing this functionality has the following benefits:
· Without feedback, the network would have to configure long values for ConfiguredGrantTimer to ensure sufficient retransmissions, which consumes UL capacity and decreases throughput. This issue could be addressed by using retransmissions by dynamic grant, but at higher PDCCH capacity cost than DFI.
· DFI allows the UE to stop PDCCH monitoring upon reception of ACK or to fallback to non-SDT operation if multiple NACK’s are received.

In addition, RAN2 only asked RAN1 if there is any issue with the assumption of reusing the existing mechanisms and did not ask RAN1 to determine what should be supported or not. In our understanding the discussions during RAN1#106-e did not result in identification of any issue that would justify overturning RAN2 assumption that existing mechanism (including DFI) can be used.
Proposal 3: Confirm RAN2 assumption that existing L1 mechanism (DFI) can be used for CG-SDT.

4. CONCLUSIONS
In this contribution, we make the following proposals:

Proposal 1: Confirm working assumption that UE-specific search space is configured for UEs performing CG-SDT
Proposal 2: Confirm RAN2 agreement that CG-SDT resource can be configured on either initial BWP or separate SDT BWP.
Proposal 3: Confirm RAN2 assumption that existing L1 mechanism (DFI) can be used for CG-SDT.
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6. APPENDIX A: PAST AGREEMENTS

RAN1#106-e

Conclusion
RAN1 cannot reach consensus on the following options for the SSB subset for RSRP based TA validation. Ask RAN2 if they can do the down-selection.
1. Option 1: Within a set of SSBs configured per CG configuration
1. Option 2: Within a set of SSBs configured for all CG configurations
1. Option 3: Within a set of all SSBs actually transmitted as indicated in SIB1
1. Option 4: Highest N SSBs of all SSBs actually transmitted as indicated in SIB1

Agreement
1. 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
1. 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.
1. Note: The mapping ordering and steps may be revisited if multiple CG PUSCH occasions in one CG period is supported
 
Agreement
Support multiple DMRS resources per CG configuration when single layer PUSCH transmission is assumed, and each DMRS resource could be mapped to the same or different SSB(s)
1. FFS if multi-layer PUSCH transmission is supported for CG-SDT
1. FFS any limitation on the DMRS configuration if multiple CG PUSCH occasions per CG period is supported

Agreement
1. 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.
1. FFS the rule for paired spectrum, and whether/how to support CG-SDT for UEs operating in Type-A HD-FDD.

Agreement
LS to RAN2 on LS on the TA validation and mapping details for CG-SDT is endorsed in R1-2108649.

R1-2108561	Summary on the physical layer aspects of small data	Moderator (ZTE)

[106-e-NR-R17-SDT-02] Reply LS to R1-2106405 (Reply LS to RAN1 on physical layer aspects of small data transmission, RAN2) by August 20 – Xiaohang (vivo)
Agreement
Reply LS to R1-2106405 (Reply LS to RAN1 on physical layer aspects of small data transmission, RAN2) in endorsed in R1-2108533.

R1-2108532	Email discussion on [106-e-NR-R17-SDT-02]	Moderator (vivo)


RAN1#105-e
Update on 5/25:
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

Update on 5/27:
Agreement:
· The SSB subset for RSRP based TA validation is determined at least based on a configured absolute RSRP threshold.
· FFS the SSB subset which could be
· within a set of SSBs configured per CG configuration
· or within a set of SSBs configured for all CG configurations
· or within a set of all SSBs actually transmitted as indicated in SIB1.
· or highest N SSBs that are measured to derive the subset for a UE across all CG configurations

Draft LS to RAN2 as in R1-2106130 is approved, with final LS in R1-2106335.
Latest draft LS to RAN4 is approved, with final LS in R1-2106309
Final summary in R1-2106129

RAN1#104b-e

Update on 4/16: latest LS content in v0.0.9 is endorsed. Final LS (cc RAN4) in R1-2103994  revised in R1-2104012
Summary of email discussion in R1-2103995.

Update on 4/16:
Conclusion:
· It is RAN1’s common understanding that the CG configuration mechanism in licensed band can be reused for CG-SDT in principle.
Next check point: 4/19
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.
Final summary in R1-2103925.

RAN1#104-e

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.
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