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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
[bookmark: _Hlk67491470]RAN2 made good progress for SDT work item in the last few meetings and sent LS to RAN1 [2] containing the following:
[bookmark: _Hlk78207148]“RAN2 has concluded that new common search space is supported for RA-SDT. The relevant agreement was made as follows:
	Agreement:
1. The separate search space is common to the UEs performing RA-SDT. Inform RAN1 of this agreement


Furthermore, RAN2 discussed the details of both RA-SDT and CG-SDT leading to the following agreements with potential RAN1 impacts.
	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.


For RA-SDT (for both 2-step RA and 4-step RA), in particular, RAN2 would like to request RAN1 to provide configuration parameters for the PRACH resource configuration when PRACH occasions are shared between SDT and non-SDT and when PRACH occasions are separately configured for SDT and non-SDT. 
For CG-SDT, RAN2 respectfully requests RAN1 if the agreements 3/4 mentioned above can be confirmed and provides feedback on whether there is any issue with the assumption of reusing the existing L1 mechanism for agreement 5.”

In this contribution, we discuss aspects relating to the physical layer for SDT including the above issues that RAN2 has asked RAN1 to work on and provide feedback.
 
2. RA-SDT 
CORESET and Search space for SDT: Based on the above LS, RAN2 has agreed that a new separate common search space is supported for RA-SDT for monitoring the PDCCH addressed to the C-RNTI after successful completion of the RACH procedure. However, RAN1 also made the following agreement at RAN1#104e [3]:
· 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


We should confirm that RAN2 and RAN1 agreements are not contradicting as RAN1 already made an agreement that “If the separate SearchSpace is not configured, type-1 PDCCH CSS can be reused”. 

Proposal 1: Confirm the RAN2 agreement as follows:
· The separate search space is common to the UEs performing RA-SDT.
· If the separate SearchSpace is not configured, type-1 PDCCH CSS can be reused.
 
For the CORESET configuration, the starting point should be based on CORESET#0. However, we have to consider flexibilty of configuring different CORESET if capacity needs to be increased in the cell. In this case, another CORESET can be configured via PDCCH-ConfigCommon to receive the scheduling assignments for subsequent UL and DL packets of SDT during Inactive state.

Proposal 2: A separate CORESET should be configured for the UEs performing RA-SDT and if the separate CORESET is not configured, CORESET#0 should be reused.


Naming of the RNTI for SDT: In Rel-15, before and during initial access, a UE may monitor common search spaces (CSS) for SIB1 (Type0-PDCCH), other system information (Type0A-PDCCH), random access (Type1-PDCCH), and paging (Type2-PDCCH) where the CRC of the corresponding DCI format is scrambled by SI-RNTI, RA-RNTI or a TC-RNTI, and P-RNTI, respectively.
In connected mode, in addition to some CSS monitoring, a UE may monitor a UE specific search space (USS) where the CRC of the corresponding DCI format is scrambled by C-RNTI, MCS-C-RNTI, SP-CSI-RNTI, or CS-RNTI(s). 
Furthermore, in connected mode, a UE may additionally monitor another common search space (CSS) where the CRC of the corresponding DCI format is scrambled by INT-RNTI, SFI-RNTI, TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, or TPC-SRS-RNTI.
Obviously, a C-RNTI is associated with a UE specific search space when the UE is in connected mode. Consequently, the legacy specifications (for both RAN1 and RAN2) have been structured by keeping in mind that C-RNTI is always associated only when the UE is in connected mode. 
If C-RNTI is also to be associated when a UE is in Inactive state, it could have a different meaning or purpose than the legacy C-RNTI in the current spec, for example, for a given statement in the spec whether the stated C-RNTI is for SDT functionality or non-SDT functionalities would need to be clarified and that may complicate the readability and structure of the specification. Hence, it would be simpler if the naming of this RNTI is different from the conventional C-RNTI, for example to be renamed as SDT-RNTI or SDT-C-RNTI. In this case, SDT-RNTI/SDT-C-RNTI will only be added where it is relevant in the Rel-17 specification. 
Proposal 3: For RA-SDT, upon successful completion of contention resolution, the UE shall monitor the SDT-RNTI (or SDT-C-RNTI). If adopted, RAN1 should send an LS to RAN2 about the name change.


Beam Failure Recovery: For RA SDT, a UE may transmit several messages for both downlink and uplink after the initial access. In general, the beam that would be used for the subsequent SDT transmissions would be the same as that employed by RACH procedure. However, if this beam fails, it would be beneficial if a UE has a fallback mechanism to recover the beam failure. Another option is to rely on the expiry of the SDT failure detection timer, but this may result in data loss as a UE may move to IDLE state and carry out a cell reselection procedure again. Hence, a beam failure detection (BFD), for example, based on the beam employed by RACH procedure and beam failure recovery (BFR) may be needed to avoid data loss. RAN1 should discuss whether BFD and BFR procedures are employed for SDT or just rely on the expiry of the SDT failure detection timer.
Proposal 4: RAN1 to discuss whether BFD and BFR procedures are employed for SDT or just rely on the expiry of the SDT failure detection timer.

3. CG-SDT 
BWP for CG-SDT: RAN2 agreed that CG-SDT resource can be configured on either initial BWP or separate SDT BWP. The reason for configuring separate SDT BWP was that the initial BWP may have a limited capacity so it is desirable to configure another dedicated BWP for CG-SDT when a UE is moving to Inactive state in the same cell. However, when the UE is in the dedicated BWP for CG-SDT, the UE should monitor paging at least for the system information change and PWS, that is after UE initiated SDT via CG resources. In this case, it should be possible for the dedicated BWP for CG-SDT to overlap with the initial BWP operating with the same numerology. This way, a UE can still monitor the initial BWP, e.g. paging and, also be able to start initial access procedures without switching to another BWP. This will also resolve the issue with TDD case, since in TDD, the initial DL and UL BWPs are paired on the same spectrum. 
Proposal 5: Confirm the RAN2 agreement: CG-SDT resource can be configured on either initial BWP or separate SDT BWP.
Proposal 6: RAN1 to discuss whether the dedicated BWP for CG-SDT should overlap with the initial BWP operating with the same numerology, so that a UE can monitor paging on the initial BWP without BWP switching.

Search space for CG-SDT: Based on the above LS, RAN2 made a working assumption for CG-SDT that a UE-specific search space is configured for UEs performing CG-SDT. However, as we discussed above a UE should also monitor paging at least for the system information change and PWS, that is after UE initiated SDT via CG resources. Hence a common search space may be required for monitoring the paging channel. So instead of monitoring two different search spaces of CSS and USS for paging and CG-SDT respectively, it may be simpler if the UE only monitors the common search space (CSS).
Another issue that has been mentioned is the TCI state configuration for the CORESET associated to USS as the network can not preconfigure the TCI state for the CG USS, but it can configure the TCI state for the CSS (ie., assuming CSS is QCLed with SSB). Assuming that the dedicated BWP for CG-SDT overlaps with the initial BWP operating with the same numerology, it makes sense to configure only CSS for UEs performing CG-SDT.
Proposal 7: RAN1 to discuss whether CSS or USS is suitable for UEs performing CG-SDT. However, our preference is CSS.

DL L1 Feedback: After a UE has transmitted a CG PUSCH in the uplink, the network should provide a HARQ-ACK feedback. One way is to reuse the same implicit mechanism as in Rel-15 where a configuredGrantTimer is started for the corresponding HARQ process after the PUSCH transmission and waits to receive a DL retransmission grant addressed to CS-RNTI before the timer expires. If the timer expires the UE assumes positive acknowledgement. Another alternative is to specify an explicit HARQ-ACK for the CG-PUSCH which can also shorten the PDCCH monitoring period for power saving reasons. Note that RAN2 agreed that RRCRelease message will terminate CG-SDT so the purpose of this explicit HARQ-ACK is not to terminate the CG-SDT.
Proposal 8: RAN1 to discuss whether L1 feedback for CG-PUSCH is implicit based on configuredGrantTimer or explicit HARQ-ACK mechanism. Then RAN1 agreement should be informed to RAN2 via LS.

UL L1 feedback resource: RAN2 agreed that a UE can transmit and receive multiple UL and DL packets as part of the same SDT session by monitoring the PDCCH without transitioning to RRC_CONNECTED. Hence, while a UE is engaged in the transmission of SDT on the CG-PUSCH, the UE can also receive DL PDSCH carrying SDT. Hence HARQ-ACK feedback would be necessary to inform the network whether the DL SDT is successfully decoded or not.  There are two options which need to be discussed in RAN1:
1. PUCCH resource for the HARQ-ACK feedback is configured for the UE just before moving to Inactive state, that is RRC Release messge.
1. CG-PUSCH is used for carrying the HARQ-ACK for the DL SDT 
 
Proposal 9: RAN1 to discuss the following options for the resource of UL HARQ-ACK feedback:
1. PUCCH resource is configured for the UE just before moving to Inactive state, that is RRC Release messge.
1. CG-PUSCH is used for carrying the HARQ-ACK for the DL SDT. 

CS-RNTI for retransmission of CG-SDT: For the same reasons that we discussed earlier for the case of RA-SDT, it would make sense if the naming of SDT CS-RNTI is different from the conventional CS-RNTI, for example to be renamed as SDT-RNTI or SDT-CS-RNTI.
Proposal 10: For CG-SDT, the UE shall monitor the SDT-RNTI (or SDT-CS-RNTI) for CG retransmissions. If adopted, RAN1 should send an LS to RAN2 about the agreement.

4. Conclusions
In this contribution, we have discussed some aspects relating to the physical layer for SDT including the issues related to RAN2 LS and we have the following proposals:
Proposal 1: Confirm the RAN2 agreement as follows:
· The separate search space is common to the UEs performing RA-SDT.
· If the separate SearchSpace is not configured, type-1 PDCCH CSS can be reused.

Proposal 2: A separate CORESET should be configured for the UEs performing RA-SDT and if the separate CORESET is not configured, CORESET#0 should be reused.
Proposal 3: For RA-SDT, upon successful completion of contention resolution, the UE shall monitor the SDT-RNTI (or SDT-C-RNTI). If adopted, RAN1 should send an LS to RAN2 about the name change.
Proposal 4: RAN1 to discuss whether BFD and BFR procedures are employed for SDT or just rely on the expire of the SDT failure detection timer.
Proposal 5: Confirm the RAN2 agreement: CG-SDT resource can be configured on either initial BWP or separate SDT BWP.
Proposal 6: RAN1 to discuss whether the dedicated BWP for CG-SDT should overlap with the initial BWP operating with the same numerology, so that a UE can monitor paging on the initial BWP without BWP switching.
Proposal 7: RAN1 to discuss whether CSS or USS is suitable for UEs performing CG-SDT. However, our preference is CSS.
Proposal 8: RAN1 to discuss whether L1 feedback for CG-PUSCH is implicit based on configuredGrantTimer or explicit HARQ-ACK mechanism. Then RAN1 agreement should be informed to RAN2 via LS.
Proposal 9: RAN1 to discuss the following options for the resource of UL HARQ-ACK feedback:
A) PUCCH resource is configured for the UE just before moving to Inactive state, that is RRC Release messge.
B) CG-PUSCH is used for carrying the HARQ-ACK for the DL SDT. 

Proposal 10: For CG-SDT, the UE shall monitor the SDT-RNTI (or SDT-CS-RNTI) for CG retransmissions. If adopted, RAN1 should send an LS to RAN2 about the agreement.


5. References 
[1] RP-210870, “Work Item on NR small data transmissions in INACTIVE state”, RAN#91e.
[2] R2-2106561, “Reply LS to RAN1 on physical layer aspects of small data transmission,” RAN2#114e.
[3] R1-2102125, “Reply LS on physical layer aspects of small data transmission”, RAN1#104e.

