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Introduction
We discuss some remaining issues on Rel-17 RedCap with small data transmission (SDT) in this contribution, particularly about CG-SDT on RedCap-specific initial BWP that does not contain CD-SSB. 
Discussion
At RAN1 #108e, the following agreements were made to confirm that RA-SDT and CG-SDT could be supported on RedCap-specific initial DL BWP [1]. But it is not clear whether this includes the case when the RedCap-specific initial DL BWP does not contain CD-SSB. If it is indeed supported, how to ensure proper functionality of RedCap UE performing CG-SDT seems not clear in this case. 
	Agreement: (RAN1 #108e)
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.



At RAN1 #107e, when RAN1 agreed that RedCap-specific initial BWP does not have to contain CD-SSB for RACH procedure, it was also agreed that UE does not need to monitor paging (on the legacy initial DL BWP that contains CD-SSB). 
	Agreement: (RAN1 #107e) [38.213, 38.331]
· For FR1,
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· If it is configured for random access while not for paging in idle/inactive mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· Note: RAN1 assumes REDCAP UE performing Random access in the separate DL BWP does not need to monitor paging in a BWP containing CORESET#0



For SDT, RAN2 has the following agreements which mandate UE to monitor paging for SI update indication and PWS notification during SDT [2]. 
	Agreement: (RAN2 #116bis-e)
9.	During the SDT procedure (i.e., while SDT timer is running), UE monitors SI change indication in any paging occasion at least once per modification period (i.e., same as legacy RRC_CONNECTED). 
10.	During the SDT procedure (i.e., while SDT timer is running), ETWS or CMAS capable UEs monitors PWS notification in any paging occasion at least once every defaultPagingCycle (i.e., same as legacy RRC_CONNECTED).


[bookmark: _Ref118628421]Observation 1: Per agreements in RAN1 #107e, RedCap UEs are not required to monitor paging during RACH when the RACH is performed on a RedCap-specific initial DL BWP without CD-SSB.
[bookmark: _Ref118628427][bookmark: _Ref118628488]Observation 2: Per agreements in RAN2 #116e, UE is required to monitor paging for SI update/PWS notification at least once every SI modification period/defaultPagingCycle during SDT procedure. 

For an initial transmission on CG resource for CG-SDT, UE has to check the following conditions: [clause 5.21.1, TS38.321]
· if the data volume of the pending UL data across all RBs configured for SDT is less than or equal to sdt-DataVolumeThreshold;
· if CG-SDT is configured on the selected UL carrier, and TA of the configured grant Type 1 resource is valid in the first available CG occasion; 
· if at least one SSB configured for CG-SDT with SS-RSRP above cg-SDT-RSRP-ThresholdSSB is available

In the case of our interest, the above condition check relies on SSB and hence is performed on the legacy initial DL BWP that contains CD-SSB. 
UE then switches to the RedCap-specific initial BWP that does not contain CD-SSB to perform its initial transmission on resource for CG-SDT. 
After an initial transmission on CG-SDT, UE monitors PDCCH addressed to C-RNTI and CS-RNTI in the sdt-SearchSpace on the RedCap-specific initial BWP without CD-SSB until the CG-SDT procedure is terminated [Clause 5.27.1, TS 38.321]
The CG-SDT procedure can be terminated in the following cases: 
1. cg-SDT-TimeAlignmentTimer expires before UE receives C-RNTI [Clause 5.2, TS38.321]
2. configuredGrantTimer expires before UE receives C-RNTI [Clause 5.4.2.2, TS38.321]

In other words, UE has to keep monitoring PDCCH before configuredGrantTimer or cg-SDT-TimeAlignmentTimer expires. 
[bookmark: _Ref118628496]Observation 3: If CG-SDT is supported on RedCap-specific initial BWP without CD-SSB, UE has to keep monitoring PDCCH addressed to C-RNTI and CS-RNTI on the BWP without SSB until either configuredGrantTimer or cg-SDT-TimeAlignmentTimer expires.

Furthermore, if UE has not received PDCCH addressed to C-RNTI or CS-RNTI before cg-SDT-RetransmissionTimer expires, UE can perform autonomous retransmission on CG resource if configuredGrantTimer has not expired. 
The values of the three timers in CG-SDT are listed below for information. [TS 38.331]
	cg-SDT-RetransmissionTimer INTEGER (1..64) OPTIONAL, -- Need R

configuredGrantTimer INTEGER (1..64) OPTIONAL, -- Need R
cg-SDT-TimeAlignmentTimer-r17 TimeAlignmentTimer OPTIONAL, -- Need M
TimeAlignmentTimer ::= ENUMERATED {ms500, ms750, ms1280, ms1920, ms2560, ms5120, ms10240, infinity}

	configuredGrantTimer
Indicates the initial value of the configured grant timer (see TS 38.321 [3]) in multiples of periodicity. When cg-RetransmissonTimer is configured, if HARQ processes are shared among different configured grants on the same BWP, configuredGrantTimer * periodicity is set to the same value for the configurations that share HARQ processes on this BWP. The value of the extension configuredGrantTimer is 2 times the configured value.

	cg-SDT-RetransmissionTimer
Indicates the initial value of the configured grant retransmission timer used for the initial transmission of CG-SDT with CCCH message (see TS 38.321 [3]) in multiples of periodicity.



With the minimum periodicity of CG resource for CG-SDT is 5msec and the maximum is 640mse, we can make the following observation on configuredGrantTimer:
[bookmark: _Ref118628503]Observation 4: For CG-SDT, while the minimum value for configuredGrantTimer and cg-SDT-RetransmissionTimer is 5ms, the maximum value can be as large as 64x640msec = 40.96 sec. 
[bookmark: _Ref118628535]Observation 5: While the maximum RAR window is 10msec (in licensed bands), the maximum value of configuredGrantTimer that UE has to monitor gNB’s DL response after an initial transmission on CG-SDT can be as large as 64x640msec = 40.96 sec.
[bookmark: _Ref118628510]Observation 6: Staying in a BWP without SSB or TRS may cause UE out of sync for DL reception and uplink timing accuracy. 

For CG-SDT, uplink transmission timing accuracy is critical. For PUSCH transmission on CG resources for SDT in RRC_Inactive, the UE transmission timing error shall be less than or equal to Te specified in Table 7.1.2-1 of TS 38.133. Therefore, there is a strict uplink timing accuracy for UE to meet whenever it transmits PUSCH on CG-SDT resources where it can be an initial transmission, retransmission, or a subsequent transmission. To meet the timing accuracy, UE has to measure SSB to ensure its DL reference timing is accurate enough. 
[bookmark: _Ref118628519]Observation 7: UE is required to meet the transmission timing error <= Te as specified in TS38.133 for all PUSCH transmissions on CG resources for SDT. 
[bookmark: _Ref118628524]Observation 8: SSB should be available to UE to meet transmission timing accuracy requirements when it transmits PUSCH on CG resources in CG-SDT. 

With the above analysis, our view is that supporting CG-SDT on a BWP without SSB is very challenging to UE. We hence have the following proposals. Note there have agreements made by RAN4 about the prioritization rule between SDT and paging for HD-FDD RedCap, and scheduling restrictions to avoid collision between SDT subsequent transmission and SSB occasion [4]. The proposal in Option 2 under Proposal 3 follow the same principle. 
[bookmark: _Ref118628554]Proposal 1: CG-SDT is not supported on RedCap-specific initial DL BWP that does not contain CD-SSB. Send LS to RAN2. 
[bookmark: _Ref118638837]Proposal 2: If CG-SDT is supported on RedCap-specific initial DL BWP without CD-SSB, extend NCD-SSB to RRC_INACTIVE for RedCap UE to perform CG-SDT on the BWP. 
· Add nonCellDefiningSSB-r17 to BWP-DownlinkDedicatedSDT-r17 in RRCRelease IE when RedCap-specific initial BWP is configured and does not contain CD-SSB.
[bookmark: _Ref118639987][bookmark: _Ref118628566]Proposal 3: If CG-SDT is supported on RedCap-specific initial DL BWP without CD-SSB and NCD-SSB, select one of the following options to ensure proper functionality for RedCap UEs: 
· Option 1: Restrict the maximum value of configuredGrantTimer*periodicity and cg-SDT-RetransmissionTimer*periodicity to 160ms
· Option 2: Prioritization and scheduling restrictions are specified for UE as follows 
· UE prioritizes paging monitoring occasions over CG-SDT DL monitoring. 
· Network should apply scheduling restriction to avoid collision (1) between gNB’s DL response to UE transmission on CG-SDT and SSB occasions, and (2) between SDT re-transmission(s), if applicable, and SSB occasions. 
[bookmark: _Ref118628589]Proposal 4: If CG-SDT is supported on RedCap-specific initial DL BWP without CD-SSB and NCD-SSB, it is optional UE capability separate from existing CG-SDT capability. 
[bookmark: _Ref118638870]Proposal 5: If CG-SDT is supported on RedCap-specific initial DL BWP without CD-SSB and NCD-SSB, send LS to RAN4 and ask whether/what/how UE transmit timing requirements are met for PUSCH transmissions on CG and DG resources for CG-SDT re-transmissions and subsequent transmissions. 
Conclusions 
In this contribution, we have made the following observations and proposals. 
Observation 1: Per agreements in RAN1 #107e, RedCap UEs are not required to monitor paging during RACH when the RACH is performed on a RedCap-specific initial DL BWP without CD-SSB.
Observation 2: Per agreements in RAN2 #116e, UE is required to monitor paging for SI update/PWS notification at least once every SI modification period/defaultPagingCycle during SDT procedure.
Observation 3: If CG-SDT is supported on RedCap-specific initial BWP without CD-SSB, UE has to keep monitoring PDCCH addressed to C-RNTI and CS-RNTI on the BWP without SSB until either configuredGrantTimer or cg-SDT-TimeAlignmentTimer expires.
Observation 4: For CG-SDT, while the minimum value for configuredGrantTimer and cg-SDT-RetransmissionTimer is 5ms, the maximum value can be as large as 64x640msec = 40.96 sec.
Observation 5: While the maximum RAR window is 10msec (in licensed bands), the maximum value of configuredGrantTimer that UE has to monitor gNB’s DL response after an initial transmission on CG-SDT can be as large as 64x640msec = 40.96 sec.
Observation 6: Staying in a BWP without SSB or TRS may cause UE out of sync for DL reception and uplink timing accuracy.
Observation 7: UE is required to meet the transmission timing error <= Te as specified in TS38.133 for all PUSCH transmissions on CG resources for SDT.
Observation 8: SSB should be available to UE to meet transmission timing accuracy requirements when it transmits PUSCH on CG resources in CG-SDT.
Proposal 1: CG-SDT is not supported on RedCap-specific initial DL BWP that does not contain CD-SSB. Send LS to RAN2.
Proposal 2: If CG-SDT is supported on RedCap-specific initial DL BWP without CD-SSB, extend NCD-SSB to RRC_INACTIVE for RedCap UE to perform CG-SDT on the BWP.
· Add nonCellDefiningSSB-r17 to BWP-DownlinkDedicatedSDT-r17 in RRCRelease IE when RedCap-specific initial BWP is configured and does not contain CD-SSB.

Proposal 3: If CG-SDT is supported on RedCap-specific initial DL BWP without CD-SSB and NCD-SSB, select one of the following options to ensure proper functionality for RedCap UEs:
· Option 1: Restrict the maximum value of configuredGrantTimer*periodicity and cg-SDT-RetransmissionTimer*periodicity to 160ms
· Option 2: Prioritization and scheduling restrictions are specified for UE as follows 
· UE prioritizes paging monitoring occasions over CG-SDT DL monitoring. 
· Network should apply scheduling restriction to avoid collision (1) between gNB’s DL response to UE transmission on CG-SDT and SSB occasions, and (2) between SDT re-transmission(s), if applicable, and SSB occasions. 

Proposal 4: If CG-SDT is supported on RedCap-specific initial DL BWP without CD-SSB and NCD-SSB, it is optional UE capability 
Proposal 5: If CG-SDT is supported on RedCap-specific initial DL BWP without CD-SSB and NCD-SSB, send LS to RAN4 and ask whether/what/how UE transmit timing requirements are met
References 
[1] [bookmark: _Ref111251391][bookmark: _Ref115274183][bookmark: _Ref118639742]R1-2203011, “Final Report of 3GPP TSG RAN WG1 #108-e v1.0.0,” Feb-March 2022
[2] [bookmark: _Ref115274212]R2-2202102, “Report of 3GPP TSG RAN WG2 meeting #116bis-e, Online,” January 2022
[3] [bookmark: _Ref115493858]TS 38.133, “Requirements for support of radio resource management in NR,” V17.7.0, Sept. 2022
[4] [bookmark: _Ref115432438]R4-2207111, “Way forward on RRM requirements for NR SDT,” RAN4 #102e, Feb-March 2022
Page 6 of 7

