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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]NR Small Data Enhancements WI [1] for the UEs in RRC_INACTIVE with infrequent data transmission has been started by RAN2 to avoid UE’s unnecessary power consumption and signaling overhead. Until RAN1#106-e, several remaining RAN1 issues as well as the new issues from RAN2 about the RA and CG based SDT shall be discussed in this meeting [2-4], which is highlighted in yellow as following.
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
· 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.
· 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.
· Regarding the search space and L1 feedback for CG-SDT, RAN1 will continue the discussion.

Part of new LS from RAN2#115-e (R2-2109222):
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? 

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 further discuss the remaining issues on CG-SDT and new issues from RAN2 about physical layer aspects of both CG and RA based SDT.

Remaining Issues for CG-SDT
On DMRS and multi-layer transmission
It has been agreed in RAN1 that multiple DMRS resources per CG configuration are supported when single layer PUSCH transmission is assumed, and each DMRS resource could be mapped to the same or different SSB(s). For the remaining multi-layer PUSCH transmission issue, considering the data volume is usually small and there is rarely a need to transmit data with latency/peak data rate requirement in INACTIVE state, the chance to multiplex data on different layers in UL is naturally few. Also, spectrum efficiency is not targeted, for which reason multiple Tx for multi-layer transmission does not fit either. The need of multi-layer transmission for CG-SDT does not seem to be worthwhile for the further required specification update, hence, we have
Proposal 1: Multi-layer PUSCH transmission is not supported for CG-SDT.

On PUSCH occasion validation rule 
Towards the validation rule of CG-SDT PUSCH occasion, the key issue is whether the PUSCH validation should be related to RO for RA-SDT and/or legacy RA. In our view, the CG-SDT has clear different trigger condition from the RA-SDT and/or 2-step RACH operation. RA-SDT or 2step RACH could be started from UE without TA validation. On the other hand, it is required for CG-SDT to start from UE with UL synchronization (valid TA), in order to directly perform UL data transmission. Thus, according to the UL sync. status, the UE or gNB would know which operation can be relied on at a given time, so does the applicable configurations.
Observation 1: PUSCH occasion validation for CG-SDT is not related to any RA procedure. The configuration may be overlapped while the UE would apply one procedure at a time.
Furthermore, conditions/restrictions for PUSCH validation for CG-SDT is not preferred, since the repetition factor configured by gNB for mapping is the same across CG period, while the actual repetition number could be different according other, mostly already specified, rules as in e.g. UL/DL conflict. This is similar to the current RO/PO validation which is defined before mapping without consideration of whether the actually RO/PO can all be used or not.  
Proposal 2:  For unpaired spectrum, keep the existing agreements as CG-SDT PUSCH validation rules. For paired spectrum, all the CG-SDT PUSCH occasions are valid.

On L1 feedback
In RAN1#106-e, the L1 feedback for CG-SDT has been discussed, and opinions are divided into two parts, i.e. reusing existing implicit ACK as in RRC_CONNECTED in Rel-15/16, and introducing an explicit ACK as that in NR-U or LTE PUR.    
In RRC_CONNECTED, the channel is obviously more reliable than that in RRC_INACTIVE. For example, TA can be updated more frequently so as to be more accurate, and the gNB can achieve more accurate channel information through sounding procedure or measurement report. Moreover, from service view, the CG transmission in RRC_CONNECTED is designed for URLLC service with 99.999%~99.9999% reliability target, which means only very few transmission is NACK. In this case, the implicit ACK mechanism can save much feedback expense so it is reasonable to use implicit ACK for the CG transmission in RRC_CONNECTED, i.e. when no response from gNB within a timer, this CG transmission can be considered ACK.
However, the channel reliability for CG-SDT in RRC_INACTIVE is different. The gNB cannot update the UE’s TA as frequently as in RRC_CONNECTED so that UE’s TA maybe inaccurate even if it is valid. The gNB cannot achieve the accurate channel information so the receiving performance will not be very good. Under this condition, when UE sends an initial CG-SDT, the gNB may even not detect this transmission so that no response (NACK or re-transmission scheduling) will be sent to UE then. In this case, it is not proper for the UEs to assume ACK when receiving no response from gNB within a timer since once the initial data transmission failed, it may be realized after a long time, penalized with more UE power consumption. 
Observation 2: Implicit ACK mechanism for CG-SDT suffers from the risk of degraded reliability due to inaccurate TA/channel state information in INACTIVE state, and the subsequent data transmission may be resumed after a relatively long time, which is against UE power saving motivation.
On the other hand, explicit ACK can help UE’s power saving, which is the main motivation of SDT. If implicit ACK employed, after sending the initial CG-SDT, the UE has to monitor the PDCCH until the timer expires, if this transmission is successful. If explicit ACK employed, the UE can stop monitoring PDCCH after receiving the DCI carrying ACK or NACK and send the subsequent CG-SDT or CG-based re-transmission, respectively. Also, the dynamically scheduled re-transmission can be also implemented through the indication by DCI. 
Observation 3: Explicit ACK helps UE’s power saving by reduced PDCCH monitoring. 
For the contents of L1-ACK for CG-SDT, during R15/16, CG downlink feedback information (CG-DFI) with DCI format 0_1 and CRC scrambled by CS-RNTI has been specified for indicating ACK/NACK of CG transmission. Although the DFI is designed for NR-U and includes the type 2 CG indication which are different to CG-SDT, the methodologies can be still reused and corresponding specification impact can be minimized, e.g. the fields of HARQ-ACK indication and TPC command. Moreover, the TA maintenance in RRC_INACTIVE state is also important for the subsequent transmission performance, which can be adjusted by the network through the initial CG-SDT. The TA adjustment through PUSCH transmission has been realized in LTE PUR. For NR UEs in RRC_CONNECTED, the TA adjustment is indicated by MAC CE, which is not a convenient and power saving method for UEs in RRC_INACTIVE since the MAC CE has to be carried on the PDSCH. Therefore, the TA adjustment indication through DCI which is specified in LTE PUR can be reused in CG-SDT.
Proposal 3: Support explicit L1-ACK for CG-SDT considering both channel state achievement and UE’s power saving in RRC_INACTIVE. The existing L1 feedback mechanism in LTE PUR and NR R15/16 CG specification can be referred to, including HARQ-ACK indication, TPC command and TA adjustment for subsequent CG-SDT.

On UE-specific Search Space
Whether the UE-specific Search Space is supported for CG-SDT is discussed in last meeting. The SearchSpace here is used for UE monitoring the L1 feedback of CG-SDT, and receiving the scheduling of PDSCH carrying MAC/RRC information, and/or subsequent downlink small data. Since the CG configurations are configured per UE, it is no issue to configure UE-specific search space together with CG configurations. On the other hand, the common search space are used for the UEs in both RRC_CONNECTED and RRC_INACTIVE, if the number of UEs using the CSS is large in some cases, the RNTI space may not be enough. Using the USS can ease the congestion of CSS when number of UEs in the cell is large, while does not affect other UE’s receiving of CSS.
Proposal 4: RAN1 confirms the UE-specific search space is configured for UEs performing CG-SDT.

1. Others Issues for CG/RA-SDT
On non-initial BWP and HARQ-ACK feedback
In the new LS from RAN2 [4], RAN2 assumes that common PUCCH resources those shared with non-SDT UEs can also be used for HARQ-ACK feedback for Msg4 /MsgB and subsequent SDT transmissions, and ask RAN1 to confirm that. Whether there is a need for any other PUCCH resources than the common PUCCH resources those shared with non-SDT UEs is also asked.
Since this PUCCH issue is related to the UL BWP used for CG/RA-SDT, the two issues are discussed together here. Noted that there is another question about whether to support RA-SDT on the non-initial BWP in the LS.
Towards the non-initial BWP issue, we have proposed in last contribution [5] that CG-SDT resource can be configured on either separate UL BWP in FDD bands or initial UL BWP in TDD/FDD bands, and the network can configure CG-SDT resource on separate UL BWP in TDD band according to UE’s bandwidth and RF capability report. However, for RA-SDT, the RA configuration is common for all the UEs with different capabilities, so for some UEs with limited bandwidth capability, configuring the RA-SDT resource in the separate BWP in TDD band may cause frequent BWP switch/RF switch, which is not reasonable and feasible. 
Proposal 5: CG-SDT and RA-SDT resources can be configured on either separate UL BWP in FDD bands or initial UL BWP in TDD/FDD bands. In addition, the network can configure CG-SDT resource on separate UL BWP in TDD band according to UE’s bandwidth and RF capability report.
Towards the PUCCH issue, if the initial UL BWP is used for SDT, the common PUCCH resources shared with non-SDT UEs can be used, with no difference to the PDSCH feedback of non-SDT UEs. If the separate UL BWP is used, the PUCCH resources can be both common configured or UE specific configured, depending on the load on that separate BWP. This can be gNB configuration choice.
Proposal 6: RAN1 confirms common PUCCH resources those shared with non-SDT UEs can also be used for HARQ-ACK feedback for Msg4 /MsgB and subsequent SDT transmissions, if in the initial UL BWP. For CG-SDT, the dedicated PUCCH resource can be also configured for DL feedback in non-initial UL BWP.

On BFD/BFR procedure for SDT
In the new LS [4], RAN2 also asks RAN1 whether the BFD/BFR procedure is required for SDT and if needed, RAN1 to define the necessary procedure to support this. 
In general, the existing beam failure detection and recovery procedures are implemented when UE is in RRC_CONNECTED, including monitoring reference signals within a timer, making the count of failure times, and sending the PRACH to indicate the new corresponding RS when the count number is larger than a configured value. The whole BFD/BFR procedure aims at keeping the reliable controlling link so that the data transmission can be rapidly recovered when channel state changes in RRC_CONNECTED.
For the BFD in RRC_INNACTIVE, after sending initial CG/RA-SDT, the UE has to monitoring the PDCCH for receiving feedback/MsgB/Msg4, so the measurement for BFD does not bring additional expense. Moreover, RAN2 has agreed that UE can trigger the RA procedure during subsequent CG transmission phase as following. If BFD/BFR is employed for CG-SDT, it is possible to add one trigger condition into this agreement, e.g. when beam failure is detected. 
Agreements
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.   
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

For the BFR, in addition to the PRACH-based BFR defined in RRC_CONNECTED, the CG-PUSCH based BFR can be also introduced for the UEs in RRC_INACTIVE, considering the CG resource-to-SSB mapping mechanism is defined for CG-SDT, similar to existing RO-to-SSB mapping mechanism.
Proposal 7: BFR/BFD can be introduced in the procedure of subsequent CG/RA-SDT, including CG-PUSCH based BFR in addition to PRACH-based.

Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: Multi-layer PUSCH transmission is not supported for CG-SDT.
Observation 1: PUSCH occasion validation for CG-SDT is not related to any RA procedure. The configuration may be overlapped while the UE would apply one procedure at a time.
Proposal 2:  For unpaired spectrum, keep the existing agreements as CG-SDT PUSCH validation rules. For paired spectrum, all the CG-SDT PUSCH occasions are valid.
Observation 2: Implicit ACK mechanism for CG-SDT suffers from the risk of degraded reliability due to inaccurate TA/channel state information in INACTIVE state, and the subsequent data transmission may be resumed after a relatively long time, which is against UE power saving motivation.
Observation 3: Explicit ACK helps UE’s power saving by reduced PDCCH monitoring. 
Proposal 3: Support explicit L1-ACK for CG-SDT considering both channel state achievement and UE’s power saving in RRC_INACTIVE. The existing L1 feedback mechanism in LTE PUR and NR R15/16 CG specification can be referred to, including HARQ-ACK indication, TPC command and TA adjustment for subsequent CG-SDT.
Proposal 4: RAN1 confirms the UE-specific search space is configured for UEs performing CG-SDT.
Proposal 5: CG-SDT and RA-SDT resources can be configured on either separate UL BWP in FDD bands or initial UL BWP in TDD/FDD bands. In addition, the network can configure CG-SDT resource on separate UL BWP in TDD band according to UE’s bandwidth and RF capability report.
Proposal 6: RAN1 confirms common PUCCH resources those shared with non-SDT UEs can also be used for HARQ-ACK feedback for Msg4 /MsgB and subsequent SDT transmissions, if in the initial UL BWP. For CG-SDT, the dedicated PUCCH resource can be also configured for DL feedback in non-initial UL BWP.
Proposal 7: BFR/BFD can be introduced in the procedure of subsequent CG/RA-SDT, including CG-PUSCH based BFR in addition to PRACH-based.

References
RP-212594, Updated Work Item on NR small data transmissions in INACTIVE state.
R1-2108533, Reply LS on physical layer aspects of small data transmission.
R1-2108649, LS on the TA validation and mapping details for CG-SDT.
R2-2109222, LS on agreements related to SDT.
R1-2106458, Physical layer aspects of CG-SDT.

