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Introduction
During RAN1#111 meeting, following agreements on SDT transmission in a RedCap-specific separate initial BWP were achieved.
	Agreement
Discuss the necessary UE behavior of the following cases in this meeting:
· Issue 5.1: RA-SDT without subsequent transmission in BWP without CD-SSB
· Issue 5.2: RA-SDT with subsequent transmission in BWP without CD-SSB
· Issue 5.3: CG-SDT in BWP without CD-SSB
· Issue 5.4: NCD-SSB can be used for CG-SDT

Conclusion
· No issue is identified for RedCap UEs supporting RA-SDT to support initial (non-subsequent) RA-SDT transmission in a RedCap-specific separate initial BWP without CD-SSB.

Conclusion
The following cases can be revisited in RAN1#112:
· Subsequent RA-SDT transmission in a RedCap-specific separate initial BWP without CD-SSB
· CG-SDT in a RedCap-specific separate initial BWP without any SSB
· CG-SDT in a RedCap-specific separate initial BWP without CD-SSB but with NCD-SS



In this contribution, several remaining issues on remaining details of RedCap SDT operation are to be discussed.

Discussion
Collision handling between valid PO and DL resources for HD-FDD RedCap UEs
For the validation rule of CG-SDT PUSCH resources, the following agreements were achieved in previous meetings.
	Conclusion
[bookmark: _GoBack]No need to define UL/DL pattern type of validation rule specific for paired spectrum at least for non-RedCap UEs.
· FFS the case for RedCap UEs

Agreement
A CG PUSCH occasion is not valid if it overlaps with any valid PRACH occasion.
· FFS overlapping between CG PUSCH occasions and MsgA PUSCH occasion

Agreement
The validation rule defined for CG-SDT in FD-FDD mode can be reused for RedCap UE performing CG-SDT in HD-FDD mode.




From above agreements, we can determine that all the PUSCH occasion except for which overlaps with the valid RO are valid for a HD-FDD UE in paired spectrum.  Even if valid, it may be overlapped with some semi-static or dynamic downlink resources in time domain during CG-SDT procedure in inactive state. Thus, One issue needs to be discussed is how to handle this kind of collision. In AI8.6.1.2, the following agreements were achieved on resource collision handling for HD-FDD Redcap UEs. 
	Agreements: [38.213]
· The same validation rules of MsgA PUSCH occasions and RO/Preamble-to-PRU mapping rules for FDD can be reused for HD-FDD
Agreement
· For MsgA PUSCH occasion overlapping with dynamic or semi-static DL reception, leave it to UE implementation to prioritize the DL reception or MsgA PUSCH transmission.
Agreement
· For Case 5 of SSB overlaps with in configured UL transmission, re-use the existing collision handling principles of Rel-15/16 for NR TDD that SSB is prioritized over configured UL transmission
· The configured UL transmission includes CG-PUSCH, or SRS
· FFS: Confirm that PUCCH is included 
Agreement
Revise the RAN1#104bis-e agreement for Case 3 as the following
· For Case 3, semi-statically configured DL reception vs. semi-statically configured UL transmission
· A HD-FDD UE does not expect to receive both dedicated higher layer parameters configuring transmission from the UE in the set of symbols of the slot and dedicated higher layer parameters configuring reception in the set of symbols of the slot
· A HD-FDD UE does not expect to receive both dedicated higher layer parameters configuring transmission from the UE in the set of symbols of the slot and cell specific higher layer parameters configuring reception in the set of symbols of the slot
· Cell-specifically configured DL reception refers to PDCCH in Type-0/0A/1/2 CSS set
· A HD-FDD UE does not expect to receive both cell specific higher layer parameters configuring transmission from the UE in the set of symbols of the slot and dedicated higher layer parameters configuring reception in the set of symbols of the slot
· FFS on cell-specifically configured DL reception vs. cell-specifically configured UL transmission
· FFS: whether or not there are conditions that need to be considered
[bookmark: _Hlk88171850]Agreement
· The “back-to-back” non-overlapping UL/DL without sufficient gap between cell-specific configured DL and dedicated configured UL may happen, i.e., allowed for HD-FDD UEs
· E.g., SSB vs. CG PUSCH, PUCCH or SRS
· Configured UL transmission is cancelled (as in the overlapping case)
Agreement
· No additional UE behavior for DL/UL collision handling is specified in Rel-17 if SFI monitoring is supported for HD-FDD RedCap UEs.
Agreements: [38.213]
· For Case 1 (dynamically scheduled DL reception vs. semi-statically configured UL transmission), reuse the existing collision handling principles in Rel-15/16 NR for operation on a single carrier /single cell in unpaired spectrum. 
· FFS whether the timeline is extended to include the RX/TX switching time for HD-FDD

Agreements: [38.213]
· For Case 1, the existing timeline in Rel-15/16 NR for operation on a single carrier /single cell in unpaired spectrum is reused for HD-FDD




From above, we can see that there is two solutions to handle the collision between PO and dynamic or semi-static resources during inactive state:
Option 1: Follows the same rule as MsgA PUSCH occasions, i.e., if there is any overlapping between SSB/PDCCH/DG PDSCH and CG-SDT PO in some symbols, it’s up to UE implementation to prioritize the DL reception or CG-SDT PUSCH transmission.
Option 2: Follows the same rule as dedicated CG PUSCH in connected states as below: 1. if there is overlapping between SSB and CG-SDT PO in several symbols, SSB is prioritized over CG-SDT transmission; 2. a UE doesn’t except there is any overlapping between CSS/USS and CG-SDT POs; 3. If the time gap between SSB/CSS and CG-SDT PO is not sufficient, CG-SDT will be canceled; 4. Dynamic PDSCH is prioritized if it is overlapped with CG-SDT PUSCH.

Option 1 is simple but is not a resource and network power efficient way. By this way, whether HD-FDD UEs transmits CG PUSCH or receive SSB/PDCCH/PDSCH is determined by itself and couldn’t be known by gNB. Thus, gNB should simultaneously transmit DL control/data and attempt to decode uplink data if resource overlapping happens. Besides, this approach may also affect synchronization, RRM measurements and beam determination during CG-SDT procedure, etc. Option 2 seems more complicated, but, considering that CG-SDT POs in inactive state are also semi-static configured resources and PDCCH/PDSCH is also expected to be received after initiating CG-SDT procedure, it is more reasonable to follow option 2 to handle the collision between valid CG-SDT POs and DL receptions.

Proposal 1: For collision handling between CG-SDT PUSCH and DL resources for HD-FDD UEs in inactive states, adopts the same rule as CG PUSCH in connected states.

SDT procedure on separate initial BWP for Redcap UEs
It has been agreed in RAN1 that both CG-SDT and RA-SDT resources can be configured on the separate initial BWP for RedCap UEs. To ensure proper functionality of RedCap UE performing, some details should be further discussed.
	Agreement
RAN1 confirms that the separate BWP in case of RedCap may still be considered as the initial BWP and SDT resources (both CG-SDT and RA-SDT) can hence be configured on this BWP for RedCap UEs.
· Note: details can be further studied to ensure proper functionality of RedCap UE performing SDT. 


Separate initial BWP with CD-SSB
For the sake of traffic offloading, a separate initial uplink BWP can be configured for Redcap UEs even if the legacy initial UL BWP is within the Redcap’s UE bandwidth. Thus, one issue need to be discussed is whether RA-SDT resources can be configured on the legacy initial uplink BWP for this case. In R17 Redcap WI, there is a consensus that if the separate initial UL BWP is configured for Redcap UEs, the RACH procedure must occur in the separate initial UL BWP. Thus, for the case when separate initial DL BWP with CD-SSB is configured, or when the separate initial UL BWP is associated with CORESET#0 in unpaired spectrum, the RA-SDT transmission must occur in the separate initial BWP for RedCap if configured. 

Observation 1: For the case when separate initial DL BWP with CD-SSB is configured, or when the separate initial UL BWP is associated with CORESET#0 in unpaired spectrum, the initial RA-SDT transmission must occur in the RedCap-specific separate initial BWPs if configured.

PRACH resource partitioning on separate initial UL BWP
Besides, there are following agreements achieved in RAN1 Redcap WI regarding RACH occasions configuration on the RedCap-specific initial UL BWP. 
	Agreement
Confirm the following working assumption from RAN1#105-e regarding RACH occasions.
· For enabling/supporting that the RACH occasion (RO) associated with the best SSB falls within the RedCap UE bandwidth, support separate initial UL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth), and this separate initial UL BWP for RedCap includes ROs for RedCap UEs.
Note: these ROs can be dedicated for RedCap UEs or shared with non-RedCap UEs.




From the agreement mentioned above, two cases of the relationship between the initial UL BWP for Redcap UEs and for non-Redcap UEs can be obtained, as illustrated in Figure 1. One case is the initial UL BWP for Redcap UEs is overlapped with non-Redcap UEs, and ROs are shared between these two types of UEs. In this case, the PRACH resources partitioning between SDT and non-SDT, Redcap and non-Redcap just follows the same design for the case of Redcap UEs and non-Redcap UEs sharing the same initial uplink BWP. Another case is the initial UL BWP for Redcap UEs is not overlapped with non-Redcap UEs, and separate ROs are configured for Redcap UEs. In this case, PRACH resources partitioning between SDT and non-SDT is needed on this RedCap-specific initial uplink BWP for the enabling of initial RA-SDT transmission. From our point of view, if SDT-specific PRACH resources is not configured on this RedCap-specific initial uplink BWP, the RA-SDT can’t be triggered and only legacy RACH procedure can be initiated by RedCap UEs.

[image: C:\Users\qiaoxuemei\Pictures\separate BWP.png]
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Figure 1 The relationship between the separate initial UL BWP for Redcap UEs and for non-Redcap UEs

Proposal 2: Send an LS to inform RAN2 to revisit the PRACH resources partitioning between SDT and non-SDT on the RedCap-specific initial uplink BWP for the enabling of initial RA-SDT transmission.

Separate initial DL BWP without CD-SSB

Before discussing whether the SDT could be performed in the separate initial DL BWP without CD-SSB, one key point needs to be emphasized: the initial SDT transmission and subsequent SDT transmissions should be taken as a whole, which is related to the entire SDT procedure defined in RAN2. For example, if the initial SDT transmission is allowed in the separate initial DL BWP without CD-SSB, while the subsequent SDT transmission is not allowed, after the completing of initial SDT transmission, the UE can’t do any anything but only wait until the T319a timer expires to enter the idle state, which is not an efficient and delay-saving way. 

For the initial RA-SDT transmission, the following conclusion were achieved in the last RAN1 meeting: No issue is identified for RedCap UEs supporting RA-SDT to support initial (non-subsequent) RA-SDT transmission in a RedCap-specific separate initial BWP without CD-SSB. For the initial CG-SDT transmission, we consider it shares the same situation as initial RA-SDT, which only needs one-shot SSB measurement for TA validation and SSB selection. While, during the subsequent SDT procedure, including both RA-SDT and CG-SDT, there may be frequent SSB measurement for RRM and cell re-selection, as well as SSB selection for subsequent CG-SDT, which follows the same measurement period as paging. While, for the paging transmission, the following agreement was achieved in the previous meeting: For separate initial DL BWP used for paging, CD-SSB is included. Therefore, in order to avoid introducing too many complex operations such as RF retuning and transmission interruption in the inactive state, we recommend that SDT shares the same conclusion as paging. But, there is a little difference between paging and SDT: For paging, if there is no CD-SSB in the separate initial DL BWP, it will be transmitted in the legacy initial DL BWP; however, for SDT, if separate initial DL BWP is configured without CD-SSB in unpaired spectrum, the RA-SDT will be directly omitted and non-SDT RACH procedure will be initiated; and, if separate initial DL BWP is configured without CD-SSB in paired spectrum, the RA-SDT procedure will be performed in the CORESET#0. 

Proposal 3: If separate initial DL BWP is configured without CD-SSB in unpaired spectrum, the SDT will be directly omitted and non-SDT RACH procedure will be initiated; but, if separate initial DL BWP is configured without CD-SSB in paired spectrum, the SDT will be transmitted in the CORESET#0.

Search space configuration
According to the agreement in R17 SDT WI, for the dynamic scheduling of subsequent uplink or downlink data transmission during subsequent SDT (including both RA-SDT and CG-SDT) procedure, type 1A CSS can be configured by sdt-searchspace in the initial downlink BWP. If not configured, the UE monitors PDCCH according to a Type 1-PDCCH CSS set. Besides, for CG-SDT, a USS can also be configured by the RRCrelease message. Obviously, it is no doubt that the type 1A CSS for both RA-SDT and CG-SDT, and the USS specific for CG-SDT can also be configured on the RedCap-specific separate downlink BWP with CD-SSB.

Proposal 4: Type 1A CSS set for RA-SDT and CG-SDT, and the USS specific for CG-SDT can be configured on the RedCap-specific separate initial DL BWP with CD-SSB.

[bookmark: _Ref494215420]Conclusion
In this contribution, we discuss the remaining issues in RAN1 to support small data transmission in inactive state. Based on the discussion, our views are summarized as follows.

Observation 1: For the case when separate initial DL BWP with CD-SSB is configured, or when the separate initial UL BWP is associated with CORESET#0 in unpaired spectrum, the initial RA-SDT transmission must occur in the RedCap-specific separate initial BWPs if configured.

Proposal 1: For collision handling between CG-SDT PUSCH and DL resources for HD-FDD UEs in inactive states, adopts the same rule as CG PUSCH in connected states.
Proposal 2: Send an LS to inform RAN2 to revisit the PRACH resources partitioning between SDT and non-SDT on the RedCap-specific initial uplink BWP for the enabling of initial RA-SDT transmission.
Proposal 3: If separate initial DL BWP is configured without CD-SSB in unpaired spectrum, the SDT will be directly omitted and non-SDT RACH procedure will be initiated; but, if separate initial DL BWP is configured without CD-SSB in paired spectrum, the SDT will be transmitted in the CORESET#0.
Proposal 4: Type 1A CSS set for RA-SDT and CG-SDT, and the USS specific for CG-SDT can be configured on the RedCap-specific separate initial DL BWP with CD-SSB.
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