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1. [bookmark: _Toc120549591]Introduction
In RAN1#112 meeting, the following agreements about PRACH/PUSCH/PUCCH occasion validation were made[1]. 
Agreement
Discuss the need to clarify PRACH/PUSCH/PUCCH occasion validation for the following cases:
· Issue 5.1: A RedCap UE performing random access in idle/inactive state in RedCap-specific initial DL BWP without CD-SSB or NCD-SSB
· Issue 5.2: A RedCap UE in connected state operating in a DL BWP without CD-SSB but with NCD-SSB.
· Issue 5.3: A RedCap UE in connected state operating in a DL BWP without CD-SSB or NCD-SSB.
Conclusion 
For TDD, RedCap UE in a BWP without any SSB should apply CD-SSB for determining the following in all RRC states:
· PRACH occasion validation (in Clause 8.1, TS38.213), 
· MsgA PUSCH occasion validation (in Clause 8.1A, TS38.213)
Note: No specification impact is expected 
In this contribution, we give our considerations on issue 5.2 in above agreement and make proposals.
2. Discussion on PRACH/PUSCH/PUCCH occasion validation
As described in Clause 8.1 and 8.1A in TS38.213 as follow, in a TDD system, current PRACH/PUSCH occasion validation rule is related to CD-SSB.
	(Clause 8.1 in TS38.213)
[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. 
(Clause 8.1A in TS38.213)
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].


For issue 5.2, whether PRACH/PUSCH/PUCCH occasion validation depends on CD-SSB or NCD-SSB is not clear in current spec. We prefer legacy UEs and R18 RedCap UEs to use the same CD-SSB for RO and PUSCH occasion validation. Since in a specific shared RO, NW cannot distinguish whether connected RedCap UE or idle/inactive RedCap UE is performing the contention-based RACH. If different UEs use CD-SSB and NCD-SSB for RO validation respectively, and there is offset between CD-SSB and NCD-SSB, RO overlapping with NCD-SSB is valid for one kind of UEs but invalid for another kind of UEs, different UEs may have different SSB and RO mapping association. Similarly, if different UEs use different SSB for PUSCH occasion validation, different UEs may have different RO and PUSCH occasion mapping association.
Proposal 1:
Conclusion: For TDD, UE in a BWP with NCD-SSB should apply CD-SSB for determining the following:
· PRACH occasion validation (in Clause 8.1), and
· PUSCH occasion validation (in Clause 8.1A)

Collision handling between valid RO and NCD-SSB
After RO validation, the collision of valid RO and NCD-SSB may occur. If some symbols of valid RO overlaps with NCD-SSB, or a valid RO does not overlap with NCD-SSB but the gap between a valid RO and the last symbol of NCD-SSB is less than Ngap symbols, there are two methods for R18 RedCap UEs to deal with the collision. 
· Option 1: receive NCD-SSB and do not transmit PRACH
In a TDD system, gNB can not transmit and receive simultaneously. If gNB transmits NCD-SSB for R18 RedCap UE, legacy UEs do not know the existence of NCD-SSB and may transmit PRACH in overlapping RO. gNB can not receive these PRACH transmitted by legacy UEs, resulting in large access latency of legacy UEs. For a R18 RedCap UE, if it is close to a legacy UE that transmits PRACH, it also suffers from the interference brought by legacy UEs.
· Option 2: transmit PRACH and do not receive NCD-SSB
Considering the coexistence issue of legacy UEs and R18 RedCap UEs brought by option 1, R18 RedCap UE should transmit PRACH in overlapping RO, and gNB does not need to transmit NCD-SSB in location overlapped with valid RO, the configuration of these NCD-SSB is meaningless. Thus, the best solution is gNB avoid configuring NCD-SSB in the location overlapping with valid RO, and avoid configuring NCD-SSB “back-to-back” non-overlapping but does not have sufficient gap with valid RO.
Therefore, for the collision handling between valid RO and NCD-SSB, clarification is needed for common understanding between gNB and RedCap UE. And a draft CR is provided in our companion contribution[2], where the PRACH transmission is prioritized over NCD-SSB.  
Proposal 2: Modification is needed for collision handling between valid RO and NCD-SSB, and PRACH transmission is prioritized.
Collision handling between valid PUSCH occasion and NCD-SSB
After PUSCH occasion validation, the collision of valid PUSCH occasion and NCD-SSB can refer to current spec as follow, where NCD-SSB is prioritized and UE does not transmit MsgA PUSCH.
	(Clause 17.1 in TS38.213)
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.
(Clause 11.1 in TS38.213)
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 dl-OrJoint-TCIStateList, by ssb-PositionsInBurst in SSB-MTCAdditionalPCI associated to physical cell ID with active TCI states for PDCCH or PDSCH, or for a set of symbols of a slot corresponding to SS/PBCH blocks configured for L1 beam measurement/reporting, 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.


Similar to the analysis of option 1, gNB transmits NCD-SSB overlapping with PUSCH occasion will increase access latency of legacy UEs. To reduce the impact on random access of legacy UEs, gNB can avoid configuring NCD-SSB in the location overlapping with valid PUSCH occasion, and avoid configuring NCD-SSB “back-to-back” non-overlapping but does not have sufficient gap with valid PUSCH occasion.
Observation: There is no specification impact for collision handling between valid PUSCH occasion and NCD-SSB.

PUCCH transmisson considering NCD-SSB
Different from PRACH/PUSCH occasion validation, as described in Clause 9.2.6 in TS38.213 as follow, the UL symbols of PUCCH repetition occasion do not overlap with CD-SSB or NCD-SSB. Although CD-SSB may not exist in active UL BWP, CD-SSB is always-on and gNB can not receive PUCCH in symbols of CD-SSB. For issue 5.2, the determination of PUCCH repetition occasion should consider both CD-SSB and NCD-SSB. No specification modification is needed.
	A SS/PBCH block symbol is a symbol of an SS/PBCH block with candidate SS/PBCH block index corresponding to the SS/PBCH block index indicated to a UE by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon or by NonCellDefiningSSB if provided or, if the UE is not provided dl-OrJoint-TCIStateList, by ssb-PositionsInBurst in SSB-MTCAdditionalPCI associated to physical cell ID with active TCI states for PDCCH or PDSCH, or for a set of symbols of a slot corresponding to SS/PBCH blocks configured for L1 beam measurement/reporting.
For unpaired spectrum, the UE determines the  slots for a PUCCH transmission starting from a slot indicated to the UE as described in clause 9.2.3 for HARQ-ACK reporting, or a slot determined as described in clause 9.2.4 for SR reporting or in clause 5.2.1.4 of [6, TS 38.214] for CSI reporting and having
-	an UL symbol, as described in clause 11.1, or flexible symbol that is not SS/PBCH block symbol provided by startingSymbolIndex as a first symbol, and
-	consecutive UL symbols, as described in clause 11.1, or flexible symbols that are not SS/PBCH block symbols, starting from the first symbol, equal to or larger than a number of symbols provided by nrofsymbols


Proposal 3:
Conclusion: For TDD, UE in a BWP with NCD-SSB should apply CD-SSB and NCD-SSB for determining the following:
· the 𝑁_PUCCH^repeat slots for a PUCCH transmission (in Clause 9.2.6)
3. Conclusion
In this contribution, we discuss the PRACH/PUSCH/PUCCH occasion validation related remaining issues for RedCap UEs, and the following proposals and observation are made.
Proposal 1:
Conclusion: For TDD, UE in a BWP with NCD-SSB should apply CD-SSB for determining the following:
· PRACH occasion validation (in Clause 8.1), and
· PUSCH occasion validation (in Clause 8.1A)
Proposal 2: Modification is needed for collision handling between valid RO and NCD-SSB, and PRACH transmission is prioritized.
Observation: There is no specification impact for collision handling between valid PUSCH occasion and NCD-SSB.
Proposal 3:
Conclusion: For TDD, UE in a BWP with NCD-SSB should apply CD-SSB and NCD-SSB for determining the following:
· the 𝑁_PUCCH^repeat slots for a PUCCH transmission (in Clause 9.2.6)
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