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According to the last RAN1#110 meeting discussion [1], the following RedCap remaining issues still need to be further discussed.
1. SDT operation
2. NCD-SSB related 
In this contribution, we discuss the above two issues and other important aspects related to TDRA list for PUSCH scheduled in separate initial DL BWP.
Discussions
SDT procedure
According to the RAN2 agreement, during the SDT procedure, the UE needs to monitor SI change indication once at least per modification period.
	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).



For RedCap UE, if the separate initial DL BWP is configured without CD-SSB, whether and how to retune to the legacy initial DL BWP to receive paging needs to be determined.
	Agreement for SDT in RAN1#108-e
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.



In general, there are two options to be considered to minimize the spec impacts.
Option 1: if SDT is configured for RedCap UE, the separate initial DL BWP without CD-SSB would not be configured.
Option 2: if the separate initial DL BWP without CD-SSB is configured, during the SDT procedure, whether and how to receive paging depends on the UE and gNB implementation.
For Option 2, there are some examples for implementation. The gNB can avoid configuring the scheduling when the paging occasion is coming. Also, the UE can decide when to start the SDT procedure and keep SDT staggered with the PO. Moreover, even if the UE receives the paging while missing the gNB scheduling, the DTX mechanism still works. 
Therefore, from our perspective, regardless of whether separate initial DL BWP is configured, or whether separate initial DL BWP contains the CD-SSB, gNB implementation and UE implementation still can be applicable. 
Proposal 1: During SDT procedure in separate initial DL BWP, whether/how a UE monitors SI change indication can be up to implementation.

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, we need to consider the following case: 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’. According to the current spec, we have the following observation.
Observation 1: For a RedCap UE in a separate initial DL BWP without CORESET#0, PUSCH TDRA list scheduled by DCI in common search space be determined by
· Default A or pusch-TimeDomainAllocationList provided in pusch-ConfigCommon before RRC connected mode
· pusch-TimeDomainAllocationList provided in pusch-Config if configured when UE is in RRC connected mode
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. For the UE in connected mode, the UE would assume that the TDRA indication should be based on pusch-TimeDomainAllocationList included in pusch-Config. However, for the gNB, it is not possible to identify the UE via the CBRA-based msg1. Therefore, the gNB cannot distinguish whether the UE is in connected mode or idle mode when the PUSCH is scheduled by DCI in CSS. Consequently, misunderstanding of UE RRC states by gNB would cause decoding failure.
Observation 2: For RedCp UE initiating a CBRA procedure 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. 
For RedCap UE, whether to support the separate initial BWP without SSB has costed much efforts in RAN1. It is also an important deployment case for RedCap UE. To avoid the TDRA misalignment issue, if we have to not configure separate initial DL BWP without CORESET#0 and SSB, the related discussion and agreement would be wasted, and it also has an impact on RedCap UE deployment for avoiding resource blocking purpose.
Observation 3: If separate initial DL BWP without CORESET#0 is not configured to avoid the PUSCH TDRA list misalignment issue, this would impact the RedCap deployment. 
Therefore, it is better to solve the problem for RedCap UE especially in separate initial DL BWP case for wider deployment and resource blocking mitigation. Some exemplary solutions are provided as follows:
Table 1 Solutions to address the PUSCH TDRA list misalignment issue
	Options
	Options description
	Brief comments

	Option 1
	In separate initial DL BWP without CORESET#0 and SSB, pusch-TimeDomainAllocationList would not be provided in pusch-Config

	The UE specific scheduling also would be impacted due to limited TDRA list.
Option 1 can be achieved by gNB configuration/implementation.

	Option 2
	pusch-TimeDomainAllocationList provided in pusch-Config are the same with pusch-TimeDomainAllocationList provided in pusch-ConfigCommon 
	gNB configuration is limited and the UE specific scheduling also would be impacted due to limited TDRA list
Option 2 can be achieved by gNB configuration/implementation.

	Option 3
	In separate initial DL BWP without CORESET#0 and SSB, 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 

	Spec corrections are needed.

	Option 4
	Use msg1 to identify whether it is in connected mode or idle/inactive mode
	Large spec impacts including RAN2 impacts


To avoid other UE specific scheduling impacts, large spec impacts and make spec clearer, option 3 can be considered as a candidate solution.
Proposal 2: Consider option 3 as a starting point to solve the TDRA list misalignment problem between gNB and UE.

NCD-SSB related correction
For clause 17.2 in TS38.213, NonCellDefiningSSB is introduced for NCD-SSB. Similarly, the usage of NonCellDefiningSSB also should be considered for other places as following highlighte part with yellow: 
	TS38.213 clause 8.1
SS/PBCH block indexes provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon are mapped to valid PRACH occasions in the following order where the parameters are described in [4, TS 38.211].
-	First, in increasing order of preamble indexes within a single PRACH occasion
-	Second, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
-	Third, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot
-	Fourth, in increasing order of indexes for PRACH slots
An association period, starting from frame 0, for mapping SS/PBCH block indexes to PRACH occasions is the smallest value in the set determined by the PRACH configuration period according Table 8.1-1 such that  SS/PBCH block indexes are mapped at least once to the PRACH occasions within the association period, where a UE obtains  from the value of ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon. If after an integer number of SS/PBCH block indexes to PRACH occasions mapping cycles within the association period there is a set of PRACH occasions or PRACH preambles that are not mapped to  SS/PBCH block indexes, no SS/PBCH block indexes are mapped to the set of PRACH occasions or PRACH preambles. An association pattern period includes one or more association periods and is determined so that a pattern between PRACH occasions and SS/PBCH block indexes repeats at most every 160 msec. PRACH occasions not associated with SS/PBCH block indexes after an integer number of association periods, if any, are not used for PRACH transmissions.
......
For paired spectrum or supplementary uplink band all PRACH occasions are valid. 
[bookmark: _Hlk29801864]For unpaired spectrum, 
-	if a UE is not provided tdd-UL-DL-ConfigurationCommon, a PRACH occasion in a PRACH slot is valid if it does not precede a SS/PBCH block in the PRACH slot and starts at least  symbols after a last SS/PBCH block reception symbol, where  is provided in Table 8.1-2 and, if channelAccessMode = "semiStatic" is provided, does not overlap with a set of consecutive symbols before the start of a next channel occupancy time where the UE does not transmit [15, TS 37.213].
-	the candidate SS/PBCH block index of the SS/PBCH block corresponds to the SS/PBCH block index provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon , as described in clause 4.1
-	If a UE is provided tdd-UL-DL-ConfigurationCommon, a PRACH occasion in a PRACH slot is valid if 
-	it is within UL symbols, or 
-	it does not precede a SS/PBCH block in the PRACH slot and starts at least  symbols after a last downlink symbol and at least  symbols after a last SS/PBCH block symbol, where  is provided in Table 8.1-2, and if channelAccessMode = "semiStatic" is provided, does not overlap with a set of consecutive symbols before the start of a next channel occupancy time where there shall not be any transmissions, as described in [15, TS 37.213]
-	the candidate SS/PBCH block index of the SS/PBCH block corresponds to the SS/PBCH block index provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon, as described in clause 4.1. 



For the highlighted part with gray, it is noted that we already have the following agreement. So the corresponding modification may be not needed.
	Agreement: [38.213]
For the relation between PUSCH and NCD-SSB for RedCap UEs, agree the TP for 38.213 clause 17.1 in R1-2207274 with the following change in green:
· For a RedCap UE indicated presence of SS/PBCH blocks within an active DL BWP by NonCellDefiningSSB in unpaired spectrum, collision handling between 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.



	TS38.213 clause 8.1A
A PUSCH occasion is valid if it does not overlap in time and frequency with any valid PRACH occasion associated with either a Type-1 random access procedure or a Type-2 random access procedure. Additionally, for unpaired spectrum and for SS/PBCH blocks with indexes provided by ssb-PositionsInBurst in SIB1 or by ServingCellConfigCommon 
-	if a UE is not provided tdd-UL-DL-ConfigurationCommon, a PUSCH occasion is valid if the PUSCH occasion
-	does not precede a SS/PBCH block in the PUSCH slot, and 
-	starts at least  symbols after a last SS/PBCH block symbol, where  is provided in Table 8.1-2 and, if channelAccessMode = "semiStatic" is provided, does not overlap with a set of consecutive symbols before the start of a next channel occupancy time where the UE does not transmit [15, TS 37.213].
-	if a UE is provided tdd-UL-DL-ConfigurationCommon, a PUSCH occasion is valid if the PUSCH occasion
-	is within UL symbols, or 
-	does not precede a SS/PBCH block in the PUSCH slot, and 
-	starts at least  symbols after a last downlink symbol and at least  symbols after a last SS/PBCH block symbol, where  is provided in Table 8.1-2 and, if channelAccessMode = "semiStatic" is provided, does not overlap with a set of consecutive symbols before the start of a next channel occupancy time where the UE does not transmit [15, TS 37.213].



	TS38.213 clause 11.1
For operation on a single carrier in unpaired spectrum, for a set of symbols of a slot indicated to a UE for reception of SS/PBCH blocks by ssb-PositionsInBurst in SIB1 or by ssb-PositionsInBurst in ServingCellConfigCommon or, if the UE is not provided DLorJoint-TCIState or followUnifiedTCIstate, by ssb-PositionsInBurst in SSB-MTCAdditionalPCI associated to physical cell ID with active TCI states, the UE does not transmit PUSCH, PUCCH, PRACH in the slot if a transmission would overlap with any symbol from the set of symbols and the UE does not transmit SRS in the set of symbols of the slot. The UE does not expect the set of symbols of the slot to be indicated as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, when provided to the UE.



	TS38.214 clause 6.1.2.1
For PUSCH repetition Type B, the UE determines invalid symbol(s) for PUSCH repetition Type B transmission as follows:
-	A symbol that is indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated is considered as an invalid symbol for PUSCH repetition Type B transmission. 
-	For operation in unpaired spectrum, symbols indicated by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon for reception of SS/PBCH blocks are considered as invalid symbols for PUSCH repetition Type B transmission.
-	For a reduced capability half-duplex UE in paired spectrum and for PUSCH repetition Type B transmission, symbols indicated by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon for reception of SS/PBCH blocks are considered as invalid symbols for PUSCH repetition Type B transmission.
......
	For PUSCH repetition Type B, the UE determines invalid symbol(s) for PUSCH repetition Type B transmission as follows:
.....
-	If the UE 
-	is configured with multiple serving cells within a cell group and is provided with directionalCollisionHandling-r16 = 'enabled' for a set of serving cell(s) among the multiple serving cells, and
-	indicates support of half-DuplexTDD-CA-SameSCS-r16 capability, and
-	is not configured to monitor PDCCH for detection of DCI format 2-0 on any of the multiple serving cells, 
-	a symbol indicated to the UE for reception of SS/PBCH blocks in a first cell of the multiple serving cells by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon is considered as an invalid symbol for PUSCH repetition Type B transmission in
-	any of the multiple serving cells if the UE is not capable of simultaneous transmission and reception as indicated by simultaneousRxTxInterBandCA among the multiple serving cells, and
-	any one of the cells corresponding to the same band as the first cell, irrespective of any capability indicated by simultaneousRxTxInterBandCA



In RAN #96 meeting, it was agreed that, before discussing the need to introduce NCD-SSB for non-RedCap UEs, the WG discussion on bwp-WithoutRestriction needs to be concluded first, which is captured in the endorsed WF in RP-221870. From our perspective, whether NonCellDefiningSSB is only used for RedCap UE, the update for the above specifications can be considered. In another word, if non-RedCap UE supports NCD-SSB, the parameter NonCellDefiningSSB is also valid for non-RedCap UE, otherwise, it is only valid for RedCap UE.
By considering this, we have the following proposal
[bookmark: _GoBack]Proposal 3: NCD-SSB related spec for paired spectrum requires corrections.
Conclusion
In this contribution, we discussed the remaining issues for RedCap and have the following proposals:
Observation 1: For a RedCap UE in a separate initial DL BWP without CORESET#0, PUSCH TDRA list scheduled by DCI in common search space should be determined by
· Default A or pusch-TimeDomainAllocationList provided in pusch-ConfigCommon before RRC connected mode
· pusch-TimeDomainAllocationList provided in pusch-Config if configured when UE is in RRC connected mode
Observation 2: For RedCp UE initiating a CBRA procedure 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 3: If separate initial DL BWP without CORESET#0 is not configured to avoid the PUSCH TDRA list misalignment issue, this would impact the RedCap deployment. 

Proposal 1: During SDT procedure in separate initial DL BWP, whether/how a UE monitors SI change indication can be up to implementation.
Proposal 2: Consider option 3 as a starting point to solve the TDRA list misalignment problem between gNB and UE
Proposal 3: NCD-SSB related spec for paired spectrum requires corrections.
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