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 Introduction
[bookmark: OLE_LINK15][bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK16]According to the last RAN1#111 meeting discussion, the following RedCap remaining issues still need to be further discussed.
1. SDT operation
2. PUSCH TDRA table
For the SDT issue, some remaining cases need to be addressed in this meeting. For the PUSCH TDRA table issue, which has been discussed for NR UE. Due to the NBC issue and gNB implementation method, no further optimization in RAN1 is made. However, for RedCap UE, this issue would be different. Therefore, in this contribution, we discuss the above two issues and provide the analysis for reference.
 Discussion on remaining issues
 Separate initial BWP without SSB
	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 last meeting, 4 different cases for RedCap UEs supporting SDT in separate initial BWP without BWP have been discussed and finally the above conclusions are achieved. 
In the meanwhile, RAN2 also discussed this issue and agreed the following assumption: 
	RAN2 Assumption:
For CG-SDT purpose, RAN2 has basic assumption that SSB will be configured in initial BWP with CG-SDT. For RedCap FFS if SSB refers to CD-SSB or any SSB



It’s common understanding that RedCap UE supporting RA-SDT with initial transmission is a similar case of RedCap UE supporting RACH procedure in separate initial BWP without SSB, so no issue is identified for this case. While for other cases, the main concerned point is that UE may have to switch to initial BWP because of paging monitoring and SSB measurement, the following analysis and potential solutions are provided to resolve the issue. 
During SDT procedure, it has been agreed that the UE behavior for monitoring the SI change indication is aligned with the behaviour in RRC_CONNECTED state 
	Agreement for SDT in RAN2#116b-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).



However, the connected mode behaviour on initial BWP without CD-SSB has subsequently been updated for REDCAP UEs. As a result, the behaviour of the SDT UEs is no longer aligned with the connected mode UE behaviour in this specific use case. So, this also needs to be aligned with the RedCap UE behaviour in RRC_CONNECTED state. This change is needed regardless of any other discussion since it was always the intention that the SDT behaviour for SI change indication monitoring should be aligned with the connected mode behaviour as agreed in the SDT session. Of course, the consequence is that in this case the network will deliver the SI change notifications via dedicated signalling (same as RRC_CONNECTED state for REDCAP UE without CD-SSB as was originally intended). 
Based on the above analysis, we have the following proposal:
Proposal 1: For RedCap UE performing RA-SDT and CG-SDT in separate initial BWP without CD-SSB, the UE behaviour for monitoring SI change indication should be aligned with that of RRC_CONNECTED state for REDCAP UEs on separate initial BWP without CD-SSB.
Currently, NCD-SSB can be configured for UEs in RRC_CONNECTED state, then when these UEs enter RRC_INACTIVE state, it’s possible to configure NCD-SSB in RRC release message so as to share the same SSB resource with connected UEs. The only spec impact to introduce NCD-SSB for SDT is to add the NonCellDefiningSSB to SDT configuration in RRC release message, so that NCD-SSB is dedicated for SDT UEs instead of all inactive UEs.
Proposal 2: NCD-SSB can be introduced for RedCap UE in separate initial BWP performing SDT by adding NonCellDefiningSSB in RRC release message.

 TDRA for PUSCH
According to the current spec, the applicable PUSCH time domain resource allocation for common search space and DCI format 0_0 in UE specific search space is determined as following table in TS38.214.
[bookmark: _Hlk512342368]Table 6.1.2.1.1-1: Applicable PUSCH time domain resource allocation for common search space and DCI format 0_0 in UE specific search space
	[bookmark: _Hlk512342651][bookmark: MCCQCTEMPBM_00000114]RNTI
	PDCCH search space
	pusch-ConfigCommon includes pusch-TimeDomainAllocationList
	pusch-Config includes pusch-TimeDomainAllocationList
	PUSCH time domain resource allocation to apply

	PUSCH scheduled by MAC RAR as described in clause 8.2 of [6, TS 38.213] or MAC fallbackRAR as described in clause 8.2A of [6, 38.213] or for MsgA PUSCH transmission
	No
	-
	Default A

	
	Yes
	
	pusch-TimeDomainAllocationList provided in pusch-ConfigCommon

	C-RNTI, MCS-C-RNTI, TC-RNTI, CS-RNTI
	Any common search space associated with CORESET 0
	No
	-
	Default A

	
	
	Yes
	
	pusch-TimeDomainAllocationList provided in pusch-ConfigCommon

	C-RNTI, MCS-C-RNTI, TC-RNTI, CS-RNTI
	Any common search space not associated with CORESET 0,
DCI format 0_0 in
UE specific search space
	No
	No
	Default A

	
	
	Yes
	No
	pusch-TimeDomainAllocationList provided in pusch-ConfigCommon 

	
	
	No/Yes
	Yes
	pusch-TimeDomainAllocationList provided in pusch-Config



For a RedCap UE, for a separate initial DL BWP without CORESET#0 and SSB, it is not used for paging and configured with NCD-SSB. After the UE completes initial access, the applicable PUSCH TDRA list should be based on the switch ‘Any common search space not associated with CORESET 0, DCI format 0_0 in UE specific search space’. However, in this case, it is hard for the gNB to distinguish whether the UE’s CBRA procedure is initiated in connected mode or idle mode when the UE performs the CBRA procedure in the separate initial DL BWP, since the UE in connected mode or idle mode may share the RA-CSS scrambled by TC-RNTI. 
Observation 1: When RedCp UE initiate a CBRA procedure and type-1 CSS is monitored in a separate initial DL BWP without CORESET#0 and SSB, it is hard for gNB to distinguish whether the UE’s CBRA procedure is in connected mode or idle mode before PUSCH scheduling, which causes misalignment of TDRA list assumption for PUSCH scheduling between gNB side and UE side. 
Moreover, based on the discussion in R1- 2210546 in RAN1 110bis-e meeting, when CSS is configured in the dedicated DL BWP and not associated with CORESET#0, different RedCap UE may share the same type-1 CSS and has different TDRA list configuration. In this case, the gNB cannot differentiate the different RedCap UE, and then the gNB does not know how to use the TDRA table for each UE. However, the same situation is observed for NR UE. It is quite hard to differentiate the different UEs with one type. 
Additionally, when RedCp UE initiate a CBRA procedure and type-1 CSS is monitored in a dedicated DL BWP, if the RedCap UE and non-RedCap UE has the same PRACH resources, it is hard for gNB to distinguish which TDRA table is assumed for the RedCap UE or non-RedCap UEs who share the CSS in the dedicated BWP. 
Observation 2: When CBRA procedure is initiated and type-1 CSS is monitored in a dedicated DL BWP, if RedCap specific PRACH resources can be used to differentiate the RedCap UE and non-RedCap UE, then gNB can separately deal with the PUSCH scheduling by TC-RNTI scrambled DCI for RedCap UE.
Based on observation 1, actually, the RedCap UE and non-RedCap UE can be differentiated, since non-RedCap UE would not be configured with separate initial BWP. Based on observation 2, in fact, without msg1 identification, the UE type also can be identified when msg3 is retransmitted. In this case that the RedCap UE is identified via msg1, any optimization for RedCap UE would not have an impact on non-RedCap UE. 
Unlike NR UE, there still is a chance to correct this without NBC issue for RedCap before deployment. Therefore, some unified solutions are put on the table for further discussion. 
	Options
	Options description
	Brief comments

	Option 1: gNB implementation
	1-1: In separate initial DL BWP without CORESET#0 and SSB or in dedicated DL BWP, pusch-TimeDomainAllocationList would not be provided in pusch-Config
1-2: pusch-TimeDomainAllocationList provided in pusch-Config is the same with pusch-TimeDomainAllocationList provided in pusch-ConfigCommon 
1-3: at least one common SLIV in dedicated TDRA table, and the gNB only indicate the common SLIV.
	Option 1-1 and option 1-2 are similar since the common TDRA table is assumed for PUSCH scheduling in separate initial DL BWP or dedicated DL BWP. Based on Option 1-1 and option 1-2, UE specific scheduling for other PUSCH scheduling in connected mode is not available
Option 1-3 can provide some kind of flexibility for other PUSCH scheduling in connected mode, but full flexibility for other PUSCH cannot be achieved and scheduling for PUSCH in CBRA procedure is also restricted.

	Option 2: spec corrections
	2-1: In separate initial DL BWP without CORESET#0 and SSB, the type-1 CSS is configured. The applicable PUSCH TDRA list scheduled by DCI in common search space not associated with CORESET 0 is determined by Default A or pusch-TimeDomainAllocationList provided in pusch-ConfigCommon 
2-2: In any active DL BWP for RedCap UE, if the type-1 CSS is configured and not associated with CORESET#0, the applicable PUSCH TDRA list scheduled by DCI scrambled by TC-RNTI in common search space is determined by Default A or pusch-TimeDomainAllocationList provided in pusch-ConfigCommon 
	Option 2-1 can only solve the problem for separate initial DL BWP. Option 2-2 is more comprehensive and RedCap UE should be identified via msg1.




For RedCap UE, it is still suggested to solve this problem before widely deployment, which can help avoid the PUSCH scheduling restriction in connected mode due to the type-1 CSS configuration especially when the separate initial DL/UL BWP is configured without CORESET#0.
Observation 3: If this issue is left to gNB implementation, the PUSCH scheduling would be limited in connected mode when separate initial BWP without CORESET#0 even is configured with NCD-SSB.
Proposal 3: For RedCap UE, if type-1 CSS is configured and not associated with CORESET#0, consider option 2-2 as a starting point to solve the PUSCH TDRA list misalignment problem between gNB and UE.

 Conclusion
Proposal 1: For RedCap UE performing RA-SDT and CG-SDT in separate initial BWP without CD-SSB, the UE behaviour for monitoring SI change indication should be aligned with that of RRC_CONNECTED state for REDCAP UEs on separate initial BWP without CD-SSB.
Proposal 2: NCD-SSB can be introduced for RedCap UE in separate initial BWP performing SDT by adding NonCellDefiningSSB in RRC release message.

Observation 1: When RedCp UE initiate a CBRA procedure and type-1 CSS is monitored in a separate initial DL BWP without CORESET#0 and SSB, it is hard for gNB to distinguish whether the UE’s CBRA procedure is in connected mode or idle mode before PUSCH scheduling, which causes misalignment of TDRA list assumption for PUSCH scheduling between gNB side and UE side. 
Observation 2: When CBRA procedure is initiated and type-1 CSS is monitored in a dedicated DL BWP, if RedCap specific PRACH resources can be used to differentiate the RedCap UE and non-RedCap UE, then gNB can separately deal with the PUSCH scheduling by TC-RNTI scrambled DCI for RedCap UE.
Observation 3: If this issue is left to gNB implementation, the PUSCH scheduling would be limited in connected mode when separate initial BWP without CORESET#0 even is configured with NCD-SSB.
Proposal 3: For RedCap UE, if type-1 CSS is configured and not associated with CORESET#0, consider option 2-2 as a starting point to solve the PUSCH TDRA list misalignment problem between gNB and UE.
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