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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 two LSs [2-3] to RAN1 to feedback some physical layer issues for SDT.
In the first LS [2], the following RAN2 agreements are asked RAN1 to confirm: 
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

In the second LS [3], 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?

Furthermore, RAN1 made the following agreement for the BWP of CG-SDT based on the first LS:
RAN1 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.

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. CG-SDT 
BWP for CG-SDT: RAN2 agreed that CG-SDT resource can be configured on either initial BWP or separate SDT BWP. This separate SDT BWP could be for both downlink and uplink (i.e., linked BWPs). 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 (i.e. linked DL and UL BWPs) for CG-SDT when a UE is moving to Inactive state in the same cell. However, it has been identified when the UE is in that dedicated BWP for SDT (that is after the UE initiated SDT via CG resources), the UE should monitor paging at least for the system information change and PWS. In this case, at least for TDD, it should be possible for the dedicated BWP for SDT to include (or overlap with) the initial DL BWP operating with the same numerology (and with the same center frequency). This way for TDD, a UE can still receive cell-defining SSB and monitor the initial DL BWP, e.g. paging and, also be able to start initial access procedures without switching. So, we do not see any issue with the RAN2 agreement and it can be confirmed. 
Proposal 1: Confirm the RAN2 agreement: CG-SDT resource can be configured on either initial BWP or separate SDT BWP. 

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 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. In this case, a UE could receive SSB within the dedicated BWP for CG-SDT where it can  monitor the paging channel on a common search space (CSS). So it is reasonable to configure CSS for UEs performing CG-SDT. However, a UE specific search space (USS) is also possible to be configured for CG-SDT assuming that USS is QCLed with an SSB.
Proposal 2: RAN1 to discuss whether CSS or USS is suitable for UEs performing CG-SDT.

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 (e.g. to reuse DFI based mechanism as introduced in Rel-16 NR-U) which can 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 3: RAN1 to discuss whether L1 feedback for CG-PUSCH is implicit based on configuredGrantTimer or explicit HARQ-ACK mechanism.

UL L1 feedback (i.e. PUCCH 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 engages SDT transmission 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 4: 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. 

3. RA-SDT 
BWP for RA-SDT: RAN2 discussed a separate BWP for subsequent DL and UL transmissions of the RA-SDT but decided to ask RAN1 for feedback [3]. This separate SDT BWP could be for both downlink and uplink (i.e., linked BWPs). The motivation to promote an additional “configurable” BWP for RA-SDT is to reduce the congestion on the initial BWP (both DL and UL) since there are several services that require to be received or transmitted when a UE in Inactive state such as Positioning and MBS in addition to SDT. 
Observation 1: The motivation to promote an additional “configurable” BWP for RA-SDT is to reduce the congestion of the initial BWP (both DL and UL) since there are several services that require to be received or transmitted when a UE in Inactive state such as Positioning and MBS in addition to SDT.
One essential design requirement is that the additional BWP should configured in such a way that it overlaps with the initial BWP operating with the same numerology, i.e., for both DL and UL. This way, a UE can still monitor the initial BWP, e.g., paging, SIB1, and able to start initial access procedures, without switching to another BWP or without interrupting other services such as SDT, MBS and Positioning. This design requirement will also resolve the issue with TDD case as the additional BWP overlaps (i.e., contains) the bandwidth of the initial BWP.
The separate BWP (DL and UL) for RA-SDT is intended to be used after initial access is completed, i.e., for subsequent DL and UL SDT transmissions. In addition, RAN2 agreed that a separate BWP for CG-SDT can be configured (subject to RAN1 confirmation) as discussed above. Therefore, it is important to develop a common framework of BWPs for RA-SDT and CG-SDT, in such a way that a single “common” BWP (DL and UL) is configured for both RA-SDT and CG-SDT. This way the resources can be used more efficiently.

Proposal 5: BWP for RA-SDT can be configured to be either initial BWP or separate SDT BWP.  
· Develop a common framework for RA-SDT and CG-SDT BWPs

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 6: 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, for example if separate SDT BWP is configured. 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 7: 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.

Beam Failure and Recovery: For RA SDT, a UE may transmit several messages for both downlink and uplink after the initial access is completed. 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) and recovery (BFR) are important for SDT, for example to select another reliable beam (SSB) from the same cell, in order to avoid data loss. Based on this, RAN1 should discuss and work on BFD and BFR procedures for SDT.
Proposal 8: RAN1 should discuss and specify BFD and BFR procedures during subsequent SDT transmissions.

[bookmark: _Hlk83916748]UL L1 feedback for RA-SDT (i.e. PUCCH 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 engages UL SDT transmission, 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. 
During initiation of RA-SDT as a part of the initial access, it is straight forward to reuse the existing “common” PUCCH resources (i.e. those that are shared with non-SDT UEs) for HARQ-ACK feedback for Msg4 /MsgB. However, for the subsequent DL SDT messages after initial access, in order to alleviate the congestion of the “common” PUCCH resource, it is desirable to configure a new separate PUCCH resource.

Proposal 9: The PUCCH resource for RA-SDT should be specified as follows:
A) During initial access, the existing “common” PUCCH resources (i.e. those that are shared with non-SDT UEs) should be reused for HARQ-ACK feedback for Msg4 /MsgB. 
B) During subsequent SDT DL messages (i.e., after initial access), a new separate PUCCH resource should be configured for HARQ-ACK feedbacks.


4. Conclusions
In this contribution, we have discussed some aspects relating to the physical layer for SDT including the issues related to RAN2 LSs and we have the following proposals:
Proposal 1: Confirm the RAN2 agreement: CG-SDT resource can be configured on either initial BWP or separate SDT BWP. 
Proposal 2: RAN1 to discuss whether CSS or USS is suitable for UEs performing CG-SDT.
Proposal 3: RAN1 to discuss whether L1 feedback for CG-PUSCH is implicit based on configuredGrantTimer or explicit HARQ-ACK mechanism.
Proposal 4: 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 5: BWP for RA-SDT can be configured to be either initial BWP or separate SDT BWP.  
· Develop a common framework for RA-SDT and CG-SDT BWPs
Proposal 6: 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 7: 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 8: RAN1 should discuss and specify BFD and BFR procedures during subsequent SDT transmissions.
Proposal 9: The PUCCH resource for RA-SDT should be specified as follows:
A) During initial access, the existing “common” PUCCH resources (i.e. those that are shared with non-SDT UEs) should be reused for HARQ-ACK feedback for Msg4 /MsgB. 
B) During subsequent SDT DL messages (i.e., after initial access), a new separate PUCCH resource should be configured for HARQ-ACK feedback.
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