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Introduction
In this contribution, several remaining issues on RedCap SDT operation are to be discussed.
Discussion
PRACH/PUSCH occasion validation for SDT of RedCap
For the PRACH/PUSCH occasion validation rule for SDT, we have achieved the following agreements in previous RAN1 meetings.  In general, for CG-SDT in unpaired spectrum, the PUSCH occasion validation rule is similar to the PRACH occasion validation rule defined in Rel-15, that is, tdd-UL-DL-ConfigurationCommon or CD-SSBs should be taken into consideration for the validation of PUSCH occasions.  For RA-SDT and CG-SDT in paired spectrum, all ROs and all POs should be taken as valid for both FD-FDD and HD-FDD UEs.
	RAN1#106-e
Agreement
· 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

RAN1#106bis-e
Conclusion
No need to define UL/DL pattern type of validation rule specific for paired spectrum at least for non-RedCap UEs.
· [bookmark: _GoBack]FFS the case for RedCap UEs

RAN1#108-e
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.



While, in the last RAN and RAN2 meetings, there was an agreement on enabling the configuration of NCD-SSBs in the RedCap-specific initial downlink BWP if there is no CD-SSB in this BWP [1]. Considering that the gNB may not have such a high complexity to ensure two UE-specific semi-static resources not overlapping in time domain resources, there may be collisions between PRACH/PUSCH occasions and NCD-SSBs in unpaired spectrum. So, it is reasonable to take NCD-SSB into consideration for the PRACH/PUSCH occasion validation. 
In addition, for the validation rule of HD-FDD UEs in paired spectrum, we believe that it can follow the previous agreement that all PRACH/PUSCH occasions are valid and no spec change is needed.

Proposal 1: For the PRACH/PUSCH validation rule, take NCD-SSB into consideration and adopt the following text proposal in TS38.213 clause 17.1.
	Text proposal for TS 38.213 h50
17.1	RedCap UE procedures

<Unchanged parts omitted>
For a RedCap UE indicated presence of SS/PBCH blocks within a DL BWP by NonCellDefiningSSB, PRACH and PUSCH occasion validation are same as described for a UE indicated presence of SS/PBCH blocks by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon described in all other clauses, unless otherwise stated.
For a RedCap UE indicated presence of SS/PBCH blocks within an active DL BWP by NonCellDefiningSSB, collision handling between downlink receptions or uplink transmissions and the SS/PBCH blocks are same as described for a UE indicated presence of SS/PBCH blocks by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon described in all other clauses, unless otherwise stated.
For monitoring of a PDCCH candidate by a UE configured with NonCellDefiningSSB, if the UE
-	does not monitor PDCCH candidates in a Type0-PDCCH CSS set, and 
-	at least one RE for a PDCCH candidate overlaps with at least one RE of a candidate SS/PBCH block corresponding to a SS/PBCH block index provided by NonCellDefiningSSB, 
the UE is not required to monitor the PDCCH candidate.
<Unchanged parts omitted>



Collision handling between valid CG-SDT 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
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
· 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 2: 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
For the sake of traffic offloading, a separate initial BWP can be configured for Redcap UEs even if the legacy initial BWP is within the Redcap’s UE bandwidth.  Thus, one issue need to be discussed is whether SDT procedure can be performed on the legacy initial BWP for this case. According to the following specification in TS 38.321, we can conduct that the random access procedure must be performed on the separate RedCap-specific initial downlink or uplink BWP if configured. Thus, for the case when separate initial DL BWP with CD-SSB or NCD-SSB is configured, as described in section 2.1, 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. For enabling above operations, PRACH resources for RA-SDT, USS and CG PUSCH resources for CG-SDT, and sdt-SearchSpace can be configured in this separate initial DL/UL BWP if needed. 

	Section 5.15.1 of TS 38.321  
Upon initiation of the Random Access procedure on a Serving Cell, after the selection of carrier for performing Random Access procedure as specified in clause 5.1.1, the MAC entity shall for the selected carrier of this Serving Cell:
1>	if PRACH occasions are not configured for the active UL BWP:
[1] 2>	if the UE is a RedCap UE; and
[2] 2>	if initialUplinkBWP-RedCap is configured:
3>	switch the active UL BWP to BWP indicated by initialUplinkBWP-RedCap.
[3] 2>	else:
3>	switch the active UL BWP to BWP indicated by initialUplinkBWP.
[4] 2>	if the Serving Cell is an SpCell:
3>	if the UE is a RedCap UE; and
3>	if initialDownlinkBWP-RedCap is configured:
4>	switch the active DL BWP to BWP indicated by initialDownlinkBWP-RedCap.
3>	else:
4>	switch the active DL BWP to BWP indicated by initialDownlinkBWP.




According to TS 38.306, a new optional UE capability for supporting NCD-SSB for RedCap SDT is specified as follows. Based on this, one issue needs to be further clarified is that if the RRC parameter ncd-SSB-forRedCapInitialBWP-SDT-r17 is not reported by the UE, and CD-SSB is not included in the RedCap-specific initial DL BWP,  whether the SDT can be performed on the legacy initial BWP (assuming it is within 20MHz) for RedCap. From our point of view, just the similar as RACH procedure, the SDT procedure must be occurred in the RedCap-specific initial BWP. While, if both NCD-SSB and CD-SSB can’t be obtained in this separate initial BWP, it denotes that SDT is not disabled for RedCap in this serving cell.
	Definitions for parameters
	Per
	M
	FDD-TDD DIFF

	ncd-SSB-forRedCapInitialBWP-SDT-r17
Indicates that the UE supports using RedCap-specific initial DL BWP associated with NCD-SSB for SDT. If absent, the UE only supports SDT in an initial DL BWP that includes the CD-SSB. UE supporting this feature shall indicate support of supportOfRedCap-r17 and ra-SDT-r17 and/or cg-SDT-r17.
	UE
	No
	No



Proposal 3:  Both CG-SDT and RA-SDT must be performed on the separate RedCap-specific initial BWP if configured. If both CD-SSB and NCD-SSB can’t be obtained in this separate initial BWP, SDT is disabled for the RedCap in this serving cell.

[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.


Proposal 1: For the PRACH/PUSCH validation rule, take NCD-SSB into consideration and adopt the following text proposal in TS38.213 clause 17.1.
	Text proposal for TS 38.213 h50
17.1	RedCap UE procedures

<Unchanged parts omitted>
For a RedCap UE indicated presence of SS/PBCH blocks within a DL BWP by NonCellDefiningSSB, PRACH and PUSCH occasion validation are same as described for a UE indicated presence of SS/PBCH blocks by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon described in all other clauses, unless otherwise stated.
For a RedCap UE indicated presence of SS/PBCH blocks within an active DL BWP by NonCellDefiningSSB, collision handling between downlink receptions or uplink transmissions and the SS/PBCH blocks are same as described for a UE indicated presence of SS/PBCH blocks by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon described in all other clauses, unless otherwise stated.
For monitoring of a PDCCH candidate by a UE configured with NonCellDefiningSSB, if the UE
-	does not monitor PDCCH candidates in a Type0-PDCCH CSS set, and 
-	at least one RE for a PDCCH candidate overlaps with at least one RE of a candidate SS/PBCH block corresponding to a SS/PBCH block index provided by NonCellDefiningSSB, 
the UE is not required to monitor the PDCCH candidate.
<Unchanged parts omitted>



Proposal 2: 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 3:  Both CG-SDT and RA-SDT must be performed on the separate RedCap-specific initial BWP if configured. If both CD-SSB and NCD-SSB can’t be obtained in this separate initial BWP, SDT is disabled for the RedCap in this serving cell.
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