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Introduction
In this contribution, we discuss two identified R17 RedCap remaining issues. The first issue is about performing small data transmission (SDT) in RedCap-specific initial BWP that does not contain CD-SSB. The second issue is about PRACH occasion and PUSCH occasion validation in TDD when NCD-SSB or no SSB is configured to a UE in a BWP. How UE should determine valid PRACH occasions and PUSCH occasions are not clearly defined in current specification TS38.213 for the following two cases: (1) UE is configured with NCD-SSB in a BWP; and (2) UE is not configured any SSB in a BWP. The companion draft CR can be found in [1].
This is revision of R1-2301607. 
SDT in RedCap-specific initial BWP
Background
At RAN1 #111, the following conclusions were made that SDT on RedCap-specific initial BWP without CD-SSB will be revisited at RAN1 #112. 
	Conclusion: (no spec impact)
· 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: (no spec impact)
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-SSB



At RAN2 #120, the following working assumption was agreed. 
	For CG-SDT purpose, RAN2 has basic assumption that SSB will be configured in initial BWP with CG-SDT.   Notify RAN1
RAN2 Assumption:
1.	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



From RAN2 offline discussion, the following three options were discussed [2]. No further agreements were reached, and all three options are still on the table for continued discussion. 
	Option 1: For CG-SDT purpose, RAN2 has basic assumption that CD-SSB will be configured in initial BWP with CG-SDT. 
Option 2: For CG-SDT purpose, RAN2 has basic assumption that NCD-SSB will be configured in initial BWP with CG-SDT.
Option 3: Allow CG-SDT on an initial BWP without SSB and it is up to UE implementation how to handle this scenario (potentially with separate UE capability)



Discussion
In normal 4-step RACH procedure illustrated in Figure 1, a typical worst case that UE has to stay in the BWP without any SSBs is less than 100mse. On the other hand, in a SDT procedure as shown in Figure 2, UE is required to monitor DL response from gNB after the initial transmission of PUSCH until SDT procedure is terminated. The expiry of SDT timer T319a is one of the termination conditions and the maximum value of T319a is up to 4000msec. Without synchronization to any DL RS for several seconds will impact UE’s frequency and timing synchronization performance and hence its performance of DL reception and UL transmission. Therefore, Option 3 in RAN2’s offline discussion (i.e. the second case in RAN1’s last conclusion) should not be supported. Only Option 1 and Option 2 should be considered to relieve UE implementation efforts and guarantee SDT performance in the field. 
[bookmark: _Ref127561959]Observation 1: SSB is required for UE to perform DL synchronization and uplink timing alignment in RRC Inactive mode for both RA-SDT and CG-SDT. 
[bookmark: _Ref127378471][bookmark: _Ref127562033]Proposal 1: RA-SDT and CG-SDT are supported only in an initial BWP with SSB. 

[image: ]
[bookmark: _Ref127362679]Figure 1: The 4-step RACH procedure with maximum values of RAR window and contention resolution timer 
[image: ]
[bookmark: _Ref127362668]Figure 2: SDT procedure and a worst-case timeline

Furthermore, in our view, NCD-SSB should be extended to SDT usage. From the network perspective, when it needs to perform “load balancing” by allocating RedCap UEs to an initial BWP that does not contain CD-SSB, it implies there is a significant number of RedCap UEs in the cell. In this case, it is very likely that there are some “baseline RedCap UEs” (i.e. UEs that don’t support FG28-1a) in RRC Connected mode. NCD-SSB is hence being transmitted anyway for connected RedCap UEs. It is hence not an additional overhead for NW if NCD-SSB is configured for SDT usage. 
[bookmark: _Ref127561976]Observation 2: When a RedCap-specific initial BWP does not include CD-SSB, NCD-SSB is likely to be transmitted anyway for connected UEs. Hence, NCD-SSB can be shared with inactive UEs for performing SDT without additional overhead to NW. 
[bookmark: _Ref127562039]Proposal 2: NCD-SSB should be configured to UEs to perform SDT including both RA-SDT and CG-SDT in an initial BWP that does not include CD-SSB. 
· Note: How to configure NCD-SSB is up to RAN2 

To make SDT work more efficiently, we should avoid BWP switching during SDT procedure when it is performed in a BWP without CD-SSB. Based on current RAN2 agreements (from SDT session), UE is still required to monitor short messages (for SI update and PWS notification) during SDT. However, this is in principle not aligned the agreements made in RedCap session for connected UEs. 
[bookmark: _Ref127562046]Proposal 3: UE is not required to monitor SI change indication during a SDT procedure on an initial BWP that does not contain full CD-SSB and CORESET#0. Send LS to RAN2. 
[bookmark: _Ref127562054]Proposal 4: ETWS or CMAS capable UE is not required to monitor PWS notification during a SDT procedure on an initial BWP that does not contain full CD-SSB and CORESET#0. Send LS to RAN2. 
PRACH and PUSCH occasion validation
Unlike legacy non-RedCap UEs, RedCap UEs can be configured with an initial DL BWP that does not include CD-SSB for RACH procedure in initial access/idle/inactive. In connected mode, for RedCap UEs that only support FG28-1 but not FG28-1a, NCD-SSB can be configured for RedCap UEs via UE-specific BWP configuration. On the other hand, for UEs that support FG28-1a, BWPs without any SSBs can be configured. Furthermore, non-zero time offsets between NCD-SSB and CD-SSB are also agreed which may lead to the fact that NCD-SSB may collide with a different set of PRACH (PUSCH) occasions from the set that CD-SSB collides. 
In Clause 8.1 of TS38.213, the PRACH occasion validation rules are defined as follows for TDD. In the text highlighted in green, only the time-domain aspect is specified for the mentioned SS/PBCH blocks. The frequency-domain aspect is not specified for the mentioned SS/PBCH. The text highlighted in yellow clarifies the SSB indices of the mentioned SS/PBCH blocks. However, NCD-SSBs share the same indices as the CD-SSBs in the cell. Therefore, this sentence does not clarify the frequency aspect of the mentioned SSBs, either. 
Even with the paragraph in Clause 17.1 of TS38.213 as shown below, it is not clear to us whether the mentioned SS/PBCH blocks only include the SSBs configured in the DL BWP that is associated with the UL BWP where PRACH occasions are configured, or they include as well as the SSBs outside of the DL BWP. Moreover, it is also not clear whether UE should apply any SSB for PRACH occasion validation when it is in a BWP without SSB being configured to the UE.  
[bookmark: _Ref127561983]Observation 3: It is not clear whether UE should apply SSBs in the current BWP or all SSBs across all configured BWPs in the cell for PRACH/PUCCH occasion validation. 
[bookmark: _Ref127562060]Proposal 5: RAN1 should discuss and clarify whether/which SSBs for UE to apply for PRACH/PUSCH occasion validation in TDD in the following cases:
· Case 1: UE not configured with any SSB in a BWP
· Case 2: UE configured NCD-SSB in a BWP

	[Clause 8.1 of TS38.213]
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 preamble format B4 [4, TS 38.211], .



	[Clause 17.1 of 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.



In the example illustrated in Figure 3, both UE1 and UE2 are RedCap UEs who are configured with a RedCap-specific DL BWP that does not contain CD-SSB. UE1 is a baseline RedCap UE that only supports FG28-1 but not FG28-1a. On the other hand, UE2 is an advanced RedCap UE that can support both FG28-1 and FG28-1a. 
In initial access, UE1 and UE2 perform RACH in this BWP without any SSB configured. In connected mode, UE1 is configured with NCD-SSB while UE2 is not. UE3 is configured with non-RedCap DL BWP that contains CD-SSB. 
[image: ]
[bookmark: _Ref127372987]Figure 3: UE1 and UE2 are configured with RedCap-specific DL BWP that does not contain CD-SSB while UE3 is configured with a non-RedCap DL BWP that contains CD-SSB. Both DL BWPs are associated to the same UL BWP that contains PRACH occasions, RO1, RO2, and RO3. If different UEs apply different SSBs or no SSBs for determining valid ROs, the valid ROs obtained by different UEs may be different. 

If the cited text from Clause 8.1 of TS38.213 in the above implies that the mentioned SS/PBCH blocks include any SSB that the UE is configured across all configured BWPs within the cell, then the valid ROs obtained by different UEs in different RRC states are summarized in Table 1. 
[bookmark: _Ref127376423]Table 1: Valid PRACH occasions (ROs) determined by different UEs using different SSBs 
	
	SSB applied
	Valid ROs

	UE1 in initial access / Idle / Inactive modes
	CD-SSB (or none?)
	RO2, RO3

	UE1 in connected mode
	Both CD- and NCD-SSB (?)
	RO3

	UE2
	CD-SSB (or none?)
	RO2, RO3

	UE3
	CD-SSB
	RO2, RO3



[bookmark: _Ref127561990]Observation 4: The same UE (e.g. UE1) in different RRC states may apply different SSBs and obtain different valid ROs. 
[bookmark: _Ref127561997]Observation 5: Different UEs (e.g. UE1 and UE2 in the same BWP may obtain different valid ROs. 
[bookmark: _Ref127562004]Observation 6: Different UEs in different DL BWPs that are associated to the same UL BWP and the same ROs may obtain different valid ROs. 

In the example, RO3 may associated to SSB1 by UE1 in connected mode while it may be associated to another SSB by UE2 and UE3. In a contention-based RACH (RACH) procedure, gNB cannot tell which UE has transmitted the PRACH detected by gNB. This hence causes ambiguity of which SSB gNB should use for the following downlink transmissions including Msg2, MsgB, Msg3 reTx grant, and Msg4. 
[bookmark: _Ref127562018]Observation 7: SSB/QCL ambiguity may occur at gNB for transmitting RAR/MsgB/Msg4 in CBRA if different UEs apply different SSB (CD- SSB or NCD-SSB) that lead to different valid ROs/POs and SSB-RO/PO associations. 

To resolve the identified issue, one possible solution is to apply the SSB configured in the current BWP. But this implies UE1 in the above example obtains different SSB-RO associations in different RRC states. Additionally, for UEs that are not configured with any SSB, e.g. UE2, no PRACH occasions are invalidated by SSB since no SSB is applied for such purpose. In addition, unless UEs in the same BWP are always provided the same SSB configuration (including NCD-SSB), UEs in the same BWP may still determine different sets of valid ROs. Finally, FG1-10 from Rel-15 supports SCell without SS/PBCH. If PRACH can be configured for such an SCell, then this possible solution may cause an NBC issue. 
Therefore, we prefer another possible solution that only CD-SSB is taken into consideration for determining valid PRACH/PUSCH occasions in TDD regardless which BWP the UE is operating on. More specifically, regardless whether UE is configured with CD-SSB, NCD-SSB, or no SSB in the current DL BWP, UE always applies CD-SSB for PRACH/PUCSCH occasion validation. 
[bookmark: _Ref127378475][bookmark: _Ref127562070]Proposal 6: UE always applies CD-SSB but not NCD-SSB from NonCellDefiningSSB to determine valid PRACH and PUSCH occasions in TDD regardless of whether/which SSB is configured in the BWP.  
The text proposal corresponding to Proposal 6 is provided in [1]. 
Conclusion 
[bookmark: _Ref95547977][bookmark: _Ref528853922][bookmark: _Ref481596356][bookmark: _Ref481781528][bookmark: _Ref481782557][bookmark: _Ref101789663][bookmark: _Ref102081114]In this contribution, we make the following observations and proposals.
Observation 1: SSB is required for UE to perform DL synchronization and uplink timing alignment in RRC Inactive mode for both RA-SDT and CG-SDT.
Observation 2: When a RedCap-specific initial BWP does not include CD-SSB, NCD-SSB is likely to be transmitted anyway for connected UEs. Hence, NCD-SSB can be shared with inactive UEs for performing SDT without additional overhead to NW.
Observation 3: It is not clear whether UE should apply SSBs in the current BWP or all SSBs across all configured BWPs in the cell for PRACH/PUCCH occasion validation.
Observation 4: The same UE (e.g. UE1) in different RRC states may apply different SSBs and obtain different valid ROs.
Observation 5: Different UEs (e.g. UE1 and UE2 in the same BWP may obtain different valid ROs.
Observation 6: Different UEs in different DL BWPs that are associated to the same UL BWP and the same ROs may obtain different valid ROs.
Observation 6: Different UEs in different DL BWPs that are associated to the same UL BWP and the same ROs may obtain different valid ROs.
Observation 7: SSB/QCL ambiguity may occur at gNB for transmitting RAR/MsgB/Msg4 in CBRA if different UEs apply different SSB (CD- SSB or NCD-SSB) that lead to different valid ROs/POs and SSB-RO/PO associations.
Proposal 1: RA-SDT and CG-SDT are supported only in an initial BWP with SSB.
Proposal 2: NCD-SSB should be configured to UEs to perform SDT including both RA-SDT and CG-SDT in an initial BWP that does not include CD-SSB.
Proposal 3: UE is not required to monitor SI change indication during a SDT procedure on an initial BWP that does not contain full CD-SSB and CORESET#0. Send LS to RAN2.
Proposal 4: ETWS or CMAS capable UE is not required to monitor PWS notification during a SDT procedure on an initial BWP that does not contain full CD-SSB and CORESET#0. Send LS to RAN2.
Proposal 5: RAN1 should discuss and clarify whether/which SSBs for UE to apply for PRACH/PUSCH occasion validation in TDD in the following cases:
· Case 1: UE not configured with any SSB in a BWP
· Case 2: UE configured NCD-SSB in a BWP

Proposal 6: UE always applies CD-SSB but not NCD-SSB from NonCellDefiningSSB to determine valid PRACH and PUSCH occasions in TDD regardless of whether/which SSB is configured in the BWP.
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