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 Introduction
[bookmark: OLE_LINK16][bookmark: OLE_LINK2][bookmark: OLE_LINK15][bookmark: OLE_LINK1]In the last meetings, RAN1 has discussed the physical layer issues of small data transmission requested by RAN2 LSs, and some agreements have been achieved for RA-SDT and CG-SDT respectively. There are still some remaining details need to be discussed further on SSB-to-PUSCH resource mapping.
In LS R1-2108715 (R2-2109222), RAN2 has made the following agreements and requested RAN1 to reply the following five questions.
	Agreements for RA-SDT: 

1. SDT related RACH resources are configured via system information, i.e., SIB1
2. At least the following parameters can be RA-SDT specific. 
· SSB selection related parameters, i.e., rsrp-ThresholdSSB, msgA-RSRP-ThresholdSSB.
· Power control related parameters, i.e., preambleReceivedTargetPower/gA-PreambleReceivedTargetPower, powerRampingStep/msgA-PreamblePowerRampingStep, msg3-DeltaPreamble/msgA-DeltaPreamble. 
· Preamble group related parameters, i.e., msg3-DeltaPreamble/msgA-DeltaPreamble, messagePowerOffsetGroupB for 2-step RA-SDT and 4-step RA-SDT. 
3.  For shared ROs case, all the following configurations can be allowed: (28/28)
· 4-step RA-SDT shares ROs with 4-step RA and/or 2-step RA
· 2-step RA-SDT shares ROs with 4-step RA and/or 2-step RA
· 2-step RA-SDT shares ROs with 4-step RA-SDT and/or 4-step RA and/or 2-step RA.

4. RA prioritization related parameters cannot be configured for RA-SDT, i.e., powerRampingStepHighPriority, scalingFactorBI
5. UE selects any SSBs if there is no qualified SSB for RA-SDT, like in legacy.  No optimizations are considered.  
6. No new timer (other than the SDT failure detection timer) is introduced to control the PDCCH monitoring during subsequent transmissions in RA-SDT
7. RA-SDT can be configured on initial BWP.  FFS for non-initial BWP
8. 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


Agreements for CG-SDT: 
1.	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.
2.	The C-RNTI previously configured in RRC_CONNECTED state is used for UE to monitor PDCCH in CG-SDT.  
3.	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
4.	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
5.	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).



RAN2 would like to ask RAN1 the following questions: 

Q1: For both RA-SDT and CG-SDT, RAN2 assumes 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. Can RAN1 confirm this?

Q2: For RA-SDT and CG-SDT, for Msg4 /MsgB and subsequent SDT transmissions, does RAN1 think there is a need for any other PUCCH resources than the above and if needed, can RAN1 define these? 

Q3: Is there any other L1 configuration needed for both RA-SDT and CG-SDT to support the subsequent data transmissions from RAN1 perspective? 

In addition to the above, RAN2 discussed support of RA-SDT configuration on non-initial BWP. Some companies supported RA-SDT for non-initial BWP as this will reduce the congestion on initial BWP, whilst others expressed concerns on the complexity and paging monitoring. For this issue, RAN2 would like to ask RAN1 the following question: 

Q4: Do RAN1 have any concerns to support RA-SDT on the non-initial BWP? 
NOTE: It has already been agreed in RAN2 that CG-SDT resource can be configured on either initial BWP or separate SDT BWP, if confirmed by RAN1.

Q5: Does RAN1 think that BFD/BFR procedure is required for SDT and if needed, can RAN1 define the necessary procedure to support this? 
In this contribution, we discuss the remaining issues on SSB to PUSCH mapping, search space, BWP and L1 feedback mechanism. Furthermore, we also discuss the above five questions and provide our views.
 Discussion
 Mapping between SSB and CG resources
As discussed in previous RAN1 meetings, the implicit mapping between SSB and CG resources within the CG configuration and the parameters of the CG related should be specified. The general mapping procedure has already been determined, e.g., SSB set and mapping ratio through explicit signaling, association period implicitly derived. There are still some remaining issues related to mapping, such as candidate value set of mapping ratio, DMRS configuration, repetitions and HARQ process id determination. In the following subsections, the above issues are discussed. 
 Mapping ratio
	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 [image: ] 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


As discussed in the last meeting, the general mapping procedure is determined, the mapping ratio N is explicitly signaled, and the association period is implicitly derived. There is a remaining FFS part related to candidate value set of mapping ratio and whether it’s configured per CG configuration or per cell. 
For the candidate value set of mapping ratio, it can reuse the mapping ratio of the SSB to RO mapping, e.g. {1/8,1/4,1/2,1,2,4,8,16}, and ensure that all SSBs associated with the CG configuration are mapped at least once to CG PUSCH resources in one association period. According to the previous agreements, the mapping is considered per CG configuration, and the SSB set for mapping is also configured per CG configuration for CG-SDT, thus it’s natural that the mapping ratio is configured per CG configuration as well.
Proposal 1: Reuse the mapping ratio value set of SSB to RO mapping for CG-SDT, and it should be per CG configuration.
 DMRS configuration
	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)
· FFS if multi-layer PUSCH transmission is supported for CG-SDT
· FFS any limitation on the DMRS configuration if multiple CG PUSCH occasions per CG period is supported


One remaining issue is whether multi-layer PUSCH transmission is supported for CG-SDT. Considering that CG-SDT is mainly targeting for data transmission with small packet size, we think there is no strong need to support multi-layer transmission for SDT. As for the spec impact, it potentially has impact on the mapping ratio, e.g., if 3-layer transmission is supported, we need to consider to include values such as 1/3 in the candidate mapping ratio set. Therefore, we think there is no need to support multi-layer PUSCH transmission for CG-SDT. 
Besides, as for the limitation on DMRS configuration if multiple CG PUSCH occasions per CG period is supported, we cannot see the motivation to introduce multiple CG PUSCH occasions per CG period, since the CG period configuration is flexible enough, the potential latency issue can be addressed by proper SSB and CG period configuration.
Proposal 2: Multi-layer PUSCH transmission is not supported for CG-SDT.
 Repetitions
	Proposal 3.3a:
Working assumption: The repetitions within one CG period are considered as a bundle of transmission occasions that are mapped to the same SSB(s), no additional specification rule is needed.

Proposal 3.3b:
Repetition K>1 is supported at least when a consistent number of valid repetitions across different CG periods can be guaranteed for each associated SSB.
The repetitions within one CG period are considered as a bundle of transmission occasions that are mapped to the same SSB(s)
FFS details if Rel-16 CG Type 1 repetition mechanism cannot work for CG-SDT in Rel-17.
FFS if repetition can be supported or not when the number of valid repetitions across different CG periods for each associated SSB is not consistent.



In RAN1#106e-meeting, the above 2 alternatives about repetitions are discussed. Some companies think that there is an unfairness issue if some of the repetitions are invalid in some of the CG periods. However, we think it can be guaranteed by gNB implementation, and there is no need to add further restriction in addition to current spec.
Proposal 3: For CG-SDT, the repetitions are considered as a bundle of transmission occasions that are mapped to the same SSB(s).
 HARQ process ID determination
For the determination of HARQ process id, in the current specification, there are two different mechanisms. One is URLLC framework, i.e. the HARQ process id is associated with time domain resource of UL transmission and it is derived from an equation. The other is NR-U framework, i.e. the selection of the HARQ process id is up to UE implementation.
In case of licensed operation for SDT, since the first UL message may be missed by the network, the autonomous retransmission may be used. Otherwise, there will be a large delay before error will be detected. If autonomous retransmission is supported and HARQ process id is derived from the equation, since there is an association between SSB and CG resource, it may be difficult to select a SSB corresponding to the required HARQ process id, thus retransmission delay may be very large. For example, assume that SSB subset including SSB0, SSB1 and SSB2 is configured, the mapping ratio between SSB and CG resource is 1, in each CG occasion a single DMRS port is configured, and number of HARQ processes is configured as 5. When SDT is triggered, assume that SSB 0 is selected. The UE performs the initial transmission using HARQ process id 0 as shown in figure 1. If network misses it, the UE will perform auto retransmission. If SSB 0 is still selected, retransmission will be performed after the fifteen CG periods and the delay is not acceptable. 
[image: ]
Figure 1 UE autonomous retransmission delay
If a larger number of HARQ processes is configured and/or associated period is across more CG periods, the retransmission delay is even larger. In order to reduce the delay, HARQ process id determination can reuse the mechanism in NR-U framework.
Proposal 4: For CG-SDT in licensed band, if autonomous retransmission is supported, HARQ process id determination can reuse the mechanism in NR-U framework to reduce latency.
 Search space
For RA-SDT, the following agreement was made in RAN2:
	Agreement:
1.  The separate search space is common to the UEs performing RA-SDT. Inform RAN1 of this agreement


In section 10.1 of TS 38.213, for common search space set, the different types are defined as below:
A set of PDCCH candidates for a UE to monitor is defined in terms of PDCCH search space sets. A search space set can be a CSS set or a USS set. A UE monitors PDCCH candidates in one or more of the following search spaces sets
-	a Type0-PDCCH CSS set configured by pdcch-ConfigSIB1 in MIB or by searchSpaceSIB1 in PDCCH-ConfigCommon or by searchSpaceZero in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a SI-RNTI on the primary cell of the MCG
-	a Type0A-PDCCH CSS set configured by searchSpaceOtherSystemInformation in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a SI-RNTI on the primary cell of the MCG
-	a Type1-PDCCH CSS set configured by ra-SearchSpace in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a RA-RNTI, a MsgB-RNTI, or a TC-RNTI on the primary cell
-	a Type2-PDCCH CSS set configured by pagingSearchSpace in PDCCH-ConfigCommon for a DCI format with CRC scrambled by a P-RNTI on the primary cell of the MCG
-	a Type3-PDCCH CSS set configured by SearchSpace in PDCCH-Config with searchSpaceType = common for DCI formats with CRC scrambled by INT-RNTI, SFI-RNTI, TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, TPC-SRS-RNTI, or CI-RNTI and, only for the primary cell, C-RNTI, MCS-C-RNTI, CS-RNTI(s), or PS-RNTI and
-	a USS set configured by SearchSpace in PDCCH-Config with searchSpaceType = ue-Specific for DCI formats with CRC scrambled by C-RNTI, MCS-C-RNTI, SP-CSI-RNTI, CS-RNTI(s), SL-RNTI, SL-CS-RNTI, or SL Semi-Persistent Scheduling V-RNTI.
According to specification description above, the newly introduced common search space for RA-SDT should be defined as a new type, such as Type4-PDCCH CSS set.
Proposal 5: Since a separate common search space for RA-SDT is supported, a new type should be defined in TS 38.213, such as Type4-PDCCH CSS set.

For CG-SDT, the following working assumption was made in RAN2:
	Agreement:
Working assumption: UE-specific search space is configured for UEs performing CG-SDT. RAN2 asks RAN1 whether this working assumption can be confirmed


For CG-SDT, in order to avoid congestion, it is beneficial to configure UE-specific search space. In addition, if the existing DFI mechanism is reused, DCI 0_1 will be used to indicate HARQ-ACK for PUSCH transmission. Since DCI 0_1 is monitored in UE-specific search space, UE-specific search space should be configured for UEs performing CG-SDT.
Proposal 6: Confirm the RAN2 WA that UE-specific search space is configured for UEs performing CG-SDT.
 Feedback for CG-SDT
In RAN1 #106, L1 feedback for CG-SDT was discussed, the following options were raised:
-        Option 1: Support explicit L1 feedback for CG-SDT.
n   Option 1A: Reuse DFI based mechanism as introduced in Rel-16 NR-U
n   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
For CG-SDT, in order to improve the reliability of UL CG transmission, the autonomous retransmission should be supported. Then in order to support autonomous retransmission, explicit L1 feedback should be used similar to NR-U. In addition, if there is no special requirement, the existing DFI mechanism may be reused. Therefore, we prefer option 1A above.
Proposal 7: From RAN1’s perspective, the existing DFI mechanism can be reused for the feedback of CG-SDT in subsequent transmission.
 BWP for CG-SDT and RA-SDT
BWP for CG-SDT
In RAN1 #106, the following agreement on the BWP to configure CG-SDT resource was made as below:
	Agreement:
· RAN1 confirms the RAN2 agreement that CG-SDT resource can be configured on initial BWP
· FFS whether CG-SDT resource can be configured on a separate BWP.


According to the agreement, CG-SDT can be configured on initial BWP, but whether CG-SDT can be configured on a separate BWP is still an FFS. Considering the resource of initial BWP is limited, a separate BWP should be configured for CG-SDT. For FDD mode, if CG-SDT resource is configured in a separate SDT BWP, DL transmission is still in initial DL BWP. While for TDD mode, when the UE switches to the separate SDT BWP, since DL BWP is paired with UL BWP, DL BWP is also switched to the corresponding DL BWP which the linked UL BWP is the separate SDT BWP. For this case, the reception of SI, paging needs to be considered. 
In the following, three possible schemes are listed for the reception of SI, paging:
Option 1: Initial DL BWP is used.
Option 2: Define a restriction that the non-initial BWP is linked to the DL BWP containing the SSB associated to the initial BWP.
Option 3: CSS for SI and paging is configured on non-initial DL BWP.
For option 1, it means that RF retuning will be needed, which will increase UE power consumption and complexity. For option 3, the configuration of CSS will increase signaling overhead. Compared to option 1 and option 3, option 2 is a simple way. Hence, we prefer option 2. 
For the reception of SSB, the following three schemes are listed:
Option 1: Initial DL BWP is used.
Option 2: Define a restriction that the non-initial BWP is linked to the DL BWP containing the SSB associated to the initial BWP.
Option 3: non cell-defining SSB is configured on non-initial BWP.
For option 3, it can increase signaling overhead. Hence, similar to the reception of paging and SI, option 2 is better. 
In general, for the reception of SI, paging and SSB, option 2 is also a simple way to decrease UE power consumption and complexity. By the way, it is up to NW implementation whether to configure CG-SDT resource on initial BWP or separate BWP for a given UE.
Proposal 8: From RAN1’s perspective, CG-SDT resource can be configured on a separate SDT BWP. For TDD mode, define a restriction that the separate BWP is linked to the DL BWP containing the SSB associated to the initial DL BWP.
BWP for RA-SDT
In RAN2 #115, some companies thought non-initial BWP for RA-SDT should be supported in order to reduce congestion similar to separate BWP for CG-SDT. Therefore, the issue regarding whether to support RA-SDT on non-initial BWP has also been reflected in LS as below.
	Agreements for RA-SDT: 
RA-SDT can be configured on initial BWP.  FFS for non-initial BWP

In addition to the above, RAN2 discussed support of RA-SDT configuration on non-initial BWP. Some companies supported RA-SDT for non-initial BWP as this will reduce the congestion on initial BWP, whilst others expressed concerns on the complexity and paging monitoring. For this issue, RAN2 would like to ask RAN1 the following question: 

Q4: Do RAN1 have any concerns to support RA-SDT on the non-initial BWP? 
NOTE: It has already been agreed in RAN2 that CG-SDT resource can be configured on either initial BWP or separate SDT BWP, if confirmed by RAN1.



From the perspective of avoiding congestion and large amount of new overhead which would be exposed to initial BWP, we think it is beneficial to support RA-SDT on non-initial BWP. If it is supported, RACH resource for SDT should be configured on non-initial BWP. In addition, since there is no dedicated RRC signaling before RACH procedure, the RA-SDT related configuration is only provided via system information.
Proposal 9: From RAN1’s perspective, RA-SDT can be configured on non-initial BWP, and the RA-SDT related configuration on non-initial BWP is provided via system information.
For RA-SDT, the reception of paging, SI and SSB is similar to CG-SDT. In order to reduce UE power consumption and complexity, the similar restriction should be added. 
Proposal 10: When RA-SDT is configured on non-initial BWP, for TDD mode,  similar to separate BWP for CG-SDT, define a restriction, i.e. the non-initial BWP is linked to the DL BWP containing the SSB associated to the initial DL BWP.
 PUCCH resource configuration
In the LS from RAN2, the issues related to PUCCH resource configuration are raised as below:
	Q1: For both RA-SDT and CG-SDT, RAN2 assumes 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. Can RAN1 confirm this?

Q2: For RA-SDT and CG-SDT, for Msg4 /MsgB and subsequent SDT transmissions, does RAN1 think there is a need for any other PUCCH resources than the above and if needed, can RAN1 define these? 


In RRC_INACTIVE, common PUCCH resources can be configured by SIB1, which may be used for Msg4/MsgB feedback for non-SDT UEs. Then for SDT UEs, we think the common PUCCH resources can also be used for HARQ-ACK feedback for Msg4/MsgB and subsequent transmission to guarantee the reliability.
Proposal 11: RAN1 should confirm that the 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 transmission.
For Q2, we are open to consider any other PUCCH resources. If Q1 is confirmed, there is only a set of cell specific PUCCH resources to be used and maybe it is not enough for non-SDT and SDT UEs. If so, some additional PUCCH resources may be considered. For RA-SDT and CG-SDT, SDT specific common PUCCH resource may be configured by SIB1 similar to SDT specific CSS. In addition, for CG-SDT, UE specific PUCCH resources may be configured by RRC release message. 
Proposal 12: SDT specific PUCCH resources can be considered for RA-SDT and CG-SDT if needed.
 BFD/BFR
In the LS from RAN2, the issue related to BFD/BFR is raised as below:
	Q5: Does RAN1 think that BFD/BFR procedure is required for SDT and if needed, can RAN1 define the necessary procedure to support this? 


In our understanding, for CG-SDT and RA-SDT, BFD/BFR procedure is not essential. One reason is that the subsequent transmission would not last too long, and the other reason is that even if the beam for RACH or CG deteriorates, SDT failure timer from higher layer may also recover this situation. So we think it is an optimization issue and companies interested in BFD/BFR for SDT can raise this issue in Rel-18.
Proposal 13: BFD/BFR procedure for SDT is not required for Rel-17 and it can be considered in Rel-18. 
 CG-SDT for unlicensed band
According to work item description in [2], the solutions designed for licensed frequency are reused for the unlicensed frequency if applicable.
	Focus of the WID should be on licensed carriers and the solutions can be reused for NR-U if applicable.


In the WID, it’s mentioned that the work should focus on licensed band and check if it can be reused for unlicensed band. In RAN2, whether CG-SDT is supported for unlicensed band in Rel-17 is being discussed through email discussion. Considering that there is no RAN2 official meeting in October, and there is only 2 meetings left for RAN1 Rel-17, it’s better for RAN1 to consider whether the solutions in licensed band can be reused in unlicensed band in this meeting. 
It can be noticed that, the mapping ratio, SSB set determination and other SDT specific parameters are irrelevant with the licensed band or unlicensed band, these solutions can be directly reused for unlicensed band. In addition, in unlicensed band CG configuration, there are some dedicated RRC parameter configurations, such as time domain resource configuration and channel access configuration, these can also be reused for unlicensed band CG-SDT.
Proposal 14: From RAN1’s perspective, if CG-SDT is supported for unlicensed band, the solutions for mapping can be reused for unlicensed band CG-SDT, and the CG configuration in unlicensed band can also be reused for unlicensed band CG-SDT.

 Conclusion
In this contribution, we have discussed the remaining issues on the SSB to PUSCH mapping and other SDT issues, and the following proposals are provided:
Proposal 1: Reuse the mapping ratio value set of SSB to RO mapping for CG-SDT, and it should be per CG configuration.
Proposal 2: Multi-layer PUSCH transmission is not supported for CG-SDT.
Proposal 3: For CG-SDT, the repetitions are considered as a bundle of transmission occasions that are mapped to the same SSB(s).
Proposal 4: For CG-SDT in licensed band, if autonomous retransmission is supported, HARQ process id determination can reuse the mechanism in NR-U framework to reduce latency.
Proposal 5: Since a separate common search space for RA-SDT is supported, a new type should be defined in TS 38.213, such as Type4-PDCCH CSS set.
Proposal 6: Confirm the RAN2 WA that UE specific search space is configured for UEs performing CG-SDT.
Proposal 7: From RAN1’s perspective, the existing DFI mechanism can be reused for the feedback of CG-SDT in subsequent transmission.
Proposal 8: From RAN1’s perspective, CG-SDT resource can be configured on a separate SDT BWP. For TDD mode, define a restriction that the separate BWP is linked to the DL BWP containing the SSB associated to the initial DL BWP.
Proposal 9: From RAN1’s perspective, RA-SDT can be configured on non-initial BWP, and the RA-SDT related configuration on non-initial BWP is provided via system information.
Proposal 10: When RA-SDT is configured on non-initial BWP, for TDD mode,  similar to separate BWP for CG-SDT, define a restriction, i.e. the non-initial BWP is linked to the DL BWP containing the SSB associated to the initial DL BWP.
Proposal 11: RAN1 should confirm that the 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 transmission.
Proposal 12: SDT specific PUCCH resources can be considered for RA-SDT and CG-SDT if needed.
Proposal 13: BFD/BFR procedure for SDT is not required for Rel-17 and it can be considered in Rel-18. 
Proposal 14: From RAN1’s perspective, if CG-SDT is supported for unlicensed band, the solutions for mapping can be reused for unlicensed band CG-SDT, and the CG configuration in unlicensed band can also be reused for unlicensed band CG-SDT.
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