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[bookmark: _Ref129681832]This paper discusses one critical issue on paging monitoring and measurement during SDT procedure. 
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In last RAN1 meeting, it has been agreed that SDT resources can be configured in the separate initial BWP for RedCap UEs in the SDT topic.
	RAN1#108-e Agreement for SDT[1]
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.


According to the former agreements in the SDT topic, UEs should monitor SI change and PWS notification during SDT procedure, which means UEs have to monitor paging during SDT procedure.
	RAN2#116b-e Agreement for SDT[2]
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).



	RAN2#116b-e Agreement for RedCap[2]
A RedCap UE in idle/inactive mode monitors paging only in an initial BWP (default or RedCap specific) associated with CD-SSB and performs cell (re-)selection and measurements on the CD-SSB
RAN1#108-e Agreement for RedCap[1]
· 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
· Working assumption: If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB from RAN1 perspective
· For FR2,
· 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
· Working assumption: If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB from RAN1 perspective



Based on agreements in RedCap, in inactive mode, RedCap UEs do not monitor paging in the separate initial BWP which does not contain CD-SSB, as paging monitoring is only in the BWP associated with CD-SSB. While based on agreements in SDT, the UEs should monitor paging, regardless whether gNB configure SDT resources for RedCap UEs in the separate initial BWP or not. 
In order to resolve this, following options can be considered:
1) Not monitoring Paging/SI update indication in this case
As SDT transmission contains not only initial transmission, but also subsequent data transmission, the procedure may last for several seconds. Then RedCap UEs may miss the important public safety message if Paging/SI update indication is not monitored.
Observation 1: A UE should attempt to monitor paging/SI update indication during SDT procedure, including RedCap UE in separate initial BWP.
2) Restriction on network scheduling 
It is agreed that UE can monitor paging/SI update indication in any paging occasion at least once per modification period. During subsequent data transmission, the UE can be scheduled by PDCCH in a CSS/USS. Thus, to avoid frequency resource waste and transmission failure in this approach, the gNB has to ensure the data transmissions in the separate initial DL BWP and every paging occasion in CORESET#0 are not overlapped in time domain, as shown in figure 1, where the data transmissions include PDCCH monitor occasion, the scheduled PDSCH/PUSCH and CG transmissions for CG-SDT. [image: ]
Figure 1: configuration/scheduling constrain for paging in time domain
Furthermore, if no SSB is contained in the separate initial DL BWP, the UE may have to do measurement for synchronization before monitoring paging, and the measurement may be based on several SSB (with 20ms typical periodicity) for large coverage case, which turns out to be another issue for gNB scheduling.
Moreover, the forth and back retuning/switching time should also be considered. 
Consequently, the total possible restricted scheduling time include potential SSB used for measurement, several paging monitoring occasions since RAN2 consider the UE can monitor any Paging Occasion, RF retuning time forth and back as well as the gap between SSB and paging messages. The periodicity and during of the restricted scheduling time are highly related to the configuration and scheduling by the gNB, such as SSB position, common search space for Paging, scheduled paging message, gap between paging and the SI message if short message in the paging message indicates the SI updates, gap between SSB and paging message. Therefore, gNB should take these parameters into consideration when schedules SDT on the separate initial DL BWP. 
Observation 2: When separate initial DL BWP is configured for SDT procedure, gNB should avoid scheduling UEs on the BWP during paging/SI update indication monitoring procedure, which includes every paging monitoring occasions, SSB acquisition time, the possible retuning time, the time between the paging and the updated SI, and etc.
2.2 CG resource validation
The above describes the issue for paging/SI update, where SSB is considered for paging purpose. Additionally, SSB measurement itself still has a similar issue even without considering paging, given RAN2 agreement below.
	RAN2#117-e Agreement for SDT[3]
5.	Confirm earlier agreement: During subsequent CG transmission phase (i.e. after the UE has received response from NW), if there is no available SSB above the configured RSRP CG-SDT threshold, the HARQ entity doesn’t use the CG-SDT resource, and the UE triggers SR when there is no valid UL grant (UE falls back to legacy RA for SR) (19/20).


Before transmission on a CG resource, SSB based measurement is applied to verify the resource. As there may be no SSB contained in the separate initial DL BWP, a UE has to retune/switching to CD-SSB for the measurement. So the restricted time for scheduling on the BWP should at least include retuning/switching time and SSB transmission time before every CG resource. According to different deployments, the restricted time may occupy 2 or 4 slots for FR1, 32 slots for FR2 as the UE may have to verify all CG resources which mapping to every SSB in the SSB burst. 
[image: ]
Figure 2: configuration/scheduling constrain for resource validation in time domain
Observation 3: When separate initial DL BWP is configured for CG-SDT procedure, gNB should avoid scheduling UEs on the BWP during resources verifying procedure, which includes SSB transmission time before every CG resources and the possible retuning time, retuning time and etc..

Overall, the issue qualifies a need to specify a clear solution for SDT in order to have proper gNB and UE operations. The simplest approach seems to be to have a scheduling restriction on gNB. 
Proposal 1: If separate initial BWP does not include CD-SSB and CORESET#0, but is configured for SDT, a UE does not expect to be scheduled on the BWP during paging/SI update indication monitoring procedure and during CG-SDT resource verifying procedure.
· The BWP paging/SI update indication monitoring procedure may include every paging monitoring occasions, SSB acquisition time, the possible retuning time, the time between the paging and the updated SI.
· The CG-SDT resource verifying procedure may include SSB transmission time before every CG resources and the possible retuning time.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusions
In this contribution, we presented our views on the remaining issues besides bandwidth reduction for RedCap UEs:
Observation 1: A UE should attempt to monitor paging/SI update indication during SDT procedure, including RedCap UE in separate initial BWP.
[bookmark: _GoBack]Observation 2: When separate initial DL BWP is configured for SDT procedure, gNB should avoid scheduling UEs on the BWP during paging/SI update indication monitoring procedure, which includes every paging monitoring occasions, SSB acquisition time, the possible retuning time, the time between the paging and the updated SI, and etc.
Observation 3: When separate initial DL BWP is configured for CG-SDT procedure, gNB should avoid scheduling UEs on the BWP during resources verifying procedure, which includes SSB transmission time before every CG resources and the possible retuning time, retuning time and etc..
Proposal 1: If separate initial BWP does not include CD-SSB and CORESET#0, but is configured for SDT, a UE does not expect to be scheduled on the BWP during paging/SI update indication monitoring procedure and during CG-SDT resource verifying procedure.
· The BWP paging/SI update indication monitoring procedure may include every paging monitoring occasions, SSB acquisition time, the possible retuning time, the time between the paging and the updated SI.
· The CG-SDT resource verifying procedure may include SSB transmission time before every CG resources and the possible retuning time.
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