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Introduction
In this contribution, we discuss a remaining issue for Rel-17 RedCap (WI: NR_redcap). It is mainly about UL resource validation in TDD when NCD-SSB is configured to a UE in a BWP. In this case, it is not clear from current specification that UE should apply NCD-SSB, CD-SSB or both to determine for example valid PRACH occasions in clause 8.1 and MsgA PUSCH occasions in clause 8.1A. 
This contribution is related to Rel-17 WI NR_redcap. The companion draft CRs for TS38.213 is provided in R1-2303348 in [1].
Issue identification
On this issue, some agreements and conclusion were made at RAN1 #112 as follows.  Issue 5.2 with NCD-SSB has not been concluded. 
	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 


Furthermore, it was agreed at RAN2 #121 post-meeting email discussion that NCD-SSB will be configured via RRCRelease message on a RedCap-specific initial DL BWP that does not contain CD-SSB for SDT purpose [2]. 
[bookmark: _Ref131769860]Observation 1: In RRC Inactive mode, NCD-SSB can be configured via RRCRelease message for UE to perform SDT on a RedCap-specific initial BWP without CD-SSB. 
[bookmark: _Ref131769936]Proposal 1: RAN1 should discuss whether NCD-SSB is taken into consideration for UL resource validation/counting for TDD at least in the following cases: 
· A RedCap UE in connected state operating in a DL BWP without CD-SSB but with NCD-SSB.
· PRACH occasion validation (clause 8.1 of 38.213)
· MsgA PUSCH occasion validation (clause 8.1A of 38.213)
· PUSCH repetition resource counting for Msg3 (clause 8.3 of 38.213)
· A RedCap UE in RRC Inactive state operating in a RedCap-specific initial DL BWP without CD-SSB but with NCD-SSB configured for SDT. 
· PUCSH occasion validation (clause 19.1 of 38.213)

Discussion
In the following discussion, we take PRACH occasion validation from Clause 8.1 of TS 38.213 as an example to illustrate how the current specification should be interpreted and what our proposals are to fix the identified issues. 
Specification clarification
For both Type-1 (i.e. 4-step) and Type-2 (i.e. 2-step) RACH, only valid PRACH occasions are used for associating with the actually transmitted SSBs. While all PRACH occasions are valid in FDD, some PRACH occasions are considered invalid in TDD if they do not satisfy the PRACH occasion validation rules in Clause 8.1 of TS 38.213 as shown in the text box below. 
The text highlighted in green only specifies the relation between a PRACH occasion and an SS/PBCH block in the “time” domain but not in the “frequency” domain. More specifically, it does not specify whether the SS/PBCH block is in the frequency range of a BWP or a cell. 
[bookmark: _Ref131769867]Observation 2: The following texts in clauses 8.1 do not specify the SS/PBCH block is within the current BWP or within the current cell. 
· 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 N_gap symbols after a last SS/PBCH block reception symbol,  …
· it does not precede a SS/PBCH block in the PRACH slot and starts at least N_gap symbols after a last downlink symbol and at least N_gap symbols after a last SS/PBCH block symbol, …

Some companies have claimed that the text highlighted in yellow in the text box below specifies the SS/PBCH block is CD-SSB. However, the text highlighted in yellow actually emphasizes “the candidate SS/PBCH block index” (ranging from 0, 1, 2, …, 19 for FR1 with 30kHz SCS in NR-U) instead of just “the SS/PBCH block index” (ranging from 0, 1, 2, …, 7 for FR1) should be considered. In fact, the text highlighted in yellow was not added until Rel-16 when NR-U was introduced. 
[bookmark: _Ref131769873]Observation 3: The following text in clause 8.1 of TS 38.213 was added for Rel-16 NR-U to distinguish “the candidate SS/PBCH block index” from “the SS/PBCH block index” for shared spectrum operation. It is not meant to and cannot distinguish CD-SSB from NCD-SSB.
· 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 8.1 of TS38.213 V17.5.0: Random Access Preamble]
For paired spectrum or supplementary uplink band all PRACH occasions are valid.
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], .



Based on offline discussion, some companies claim that the SS/PBCH block in the above refers to CD-SSB because it says the SS/PBCH block index is provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon. However, if we take a close look to TS 38.331, we can find that in the NonCellDefininingSSB IE, there is no field to indicate the indices of which NCD-SSBs are actually transmitted. 
[bookmark: _Ref131769879]Observation 4: There is no ssb-PositionsInBurst in NonCellDefiningSSB IE. 
	[bookmark: _Toc131065034]–	NonCellDefiningSSB
The IE NonCellDefiningSSB is used to configure a NCD-SSB to be used while the UE operates in a RedCap-specific initial BWP or dedicated BWP.
NonCellDefiningSSB information element
NonCellDefiningSSB-r17 ::=      SEQUENCE {
    absoluteFrequencySSB-r17    ARFCN-ValueNR,
    ssb-Periodicity-r17  ENUMERATED { ms5, ms10, ms20, ms40, ms80, ms160, spare2, spare1 } OPTIONAL, -- Need S
    ssb-TimeOffset-r17   ENUMERATED { ms5, ms10, ms15, ms20, ms40, ms80, spare2, spare1 } OPTIONAL, -- Need S
    ...
}



Furthermore, in the description of nonCellDefininingSSB in BWP-DownlinkDedicated, it is clarified that NCD-SSB has the same values for the property ssb-PositionsInBurst of the corresponding CD-SSB. 
[bookmark: _Ref131769885]Observation 5: Indices of transmitted NonCellDefiningSSBs are also indicated by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon.  
	nonCellDefiningSSB
If configured, the RedCap UE operating in this BWP uses this SSB for the purposes for which it would otherwise have used the CD-SSB of the serving cell (e.g. obtaining sync, measurements, RLM). Furthermore, other parts of the BWP configuration that refer to an SSB (e.g. the "SSB" configured in the QCL-Info IE; the "ssb-Index" configured in the RadioLinkMonitoringRS; CFRA-SSB-Resource; PRACH-ResourceDedicatedBFR) refer implicitily to this NCD-SSB.
[bookmark: _Hlk131508884]The NCD-SSB has the same values for the properties (e.g., ssb-PositionsInBurst, PCI, ssb-periodicity, ssb-PBCH-BlockPower) of the corresponding CD-SSB apart from the values of the properties configured in the NonCellDefiningSSB-r17 IE.



With the above clarification, we hence conclude that all configured SSBs in a cell including both CD-SSB and NCD-SSB should be taken into consideration by a UE to determine valid PRACH and PUSCH occasion in TDD based on current text in TS38.213. 
[bookmark: _Ref131517590][bookmark: _Ref131769893]Observation 6: According to current specification in TS 38.213, UE should apply all configured SSB in a cell including both CD-SSB and NCD-SSB for determining valid PRACH and PUSCH occasions in TDD. 

However, we think using NCD-SSB for determining valid UL resources may result in more issues than it resolves which is studied in the next section.  
Case study: RO validation with NCD-SSB
In this section, we give an example to illustrate the issues with taking NCD-SSB into consideration for PRACH occasion validation. 
In the example in Figure 1, both UE1 and UE2 are RedCap UEs configured with a RedCap-specific DL BWP without 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 a normal non-RedCap UE that is configured with non-RedCap DL BWP with CD-SSB. 
[image: ]
[bookmark: _Ref127372987]Figure 1: 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. 

Based on the conclusion at RAN1 #112, UE should apply CD-SSB on a BWP without any SSB. For the case when a UE is configured with NCD-SSB, based on Observation 6, UE should apply all SSBs across all configured BWPs within the cell. 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 for RO validation in TDD
	Valid ROs

	UE1 in initial access / Idle / Inactive modes w/o any SSB
	CD-SSB
	RO2, RO3

	UE1 in connected mode with NCD-SSB
	Both CD- and NCD-SSB
	RO3

	UE2
	CD-SSB
	RO2, RO3

	UE3
	CD-SSB
	RO2, RO3



[bookmark: _Ref131769901][bookmark: _Ref127561990]Observation 7: A UE (e.g. UE1) may determine different sets of valid PRACH occasions and apply different SSB-RO association patterns in different RRC states. 
Since a UE may apply different SSB-RO association patterns in different RRC states, the UE needs to know when exactly each SSB-RO association pattern should be applied. 
[bookmark: _Ref131769945]Proposal 2: If NCD-SSB is agreed to be used for UL resource validation, RAN1 should further discuss when exactly which SSB-RO association pattern should be applied. 

[bookmark: _Ref127561997]In the given example, UE1 in connected state may associate RO3 to SSB1 while UE2 and UE3 may associate RO3 to another SSB. In a contention-based random access procedure (CBRA), if gNB has detected a preamble in RO3, it cannot tell which UE (UE1 or UE2/UE3) has transmitted the preamble and may not be able to decide which SSB the gNB should use for following DL transmissions including Msg2/MsgB, Msg3 reTx grant, and Msg4. 
[bookmark: _Ref131769909]Observation 8: For the same set of PRACH occasions, different UEs (in a same BWP or in different BWPs) may determine different sets of valid PRACH occasions and obtain different SSB-RO association patterns. 
[bookmark: _Ref127562018][bookmark: _Ref131769915]Observation 9: SSB/QCL ambiguity may occur at gNB for transmitting Msg2/MsgB/Msg4 in CBRA if different UEs apply different SSB (CD- SSB or NCD-SSB or both) that lead to different sets of valid ROs and hence different SSB-RO association patterns. 

Furthermore, if a UE only takes the NCD-SSB configured in the BWP into account but not CD-SSB, the UE may cause interference to a near-by legacy UE when the UE is transmitting PRACH. Take UE1, a RedCap UE, and UE3, a non-RedCap UE, for example. If UE1 in connected state only takes NCD-SSB for determining valid PRACH occasions, then RO1 will be considered valid by UE1. UE1 may hence transmit PRACH on RO1 when the legacy UE3 is receiving CD-SSB on the same occasion. Similarly, since the legacy UE3 is not aware of the presence and configuration of NCD-SSB, it may consider a PRACH occasion that collides with NCD-SSB as a valid RO and hence cause interference to a RedCap UE (e.g. UE1). 
[bookmark: _Ref131769921]Observation 10: When transmitting PRACH, a RedCap UE may cause interference to a legacy UE that is receiving SSB if the RedCap UE only takes NCD-SSB for determining valid ROs. A similar issue can be identified vice versa. 
Summary
With the above case study on PRACH occasion validation, below is a summary of the identified issues when NCD-SSB is taking into consideration for UL resource validation. 
1. A UE may need to apply different SSBs for determining valid ROs and obtain different SSB-RO mapping patterns for different RRC states 
· A UE hence needs to maintain more than one SSB-RO mapping pattern. 
· When to apply which SSB-RO pattern should be discussed and specified by RAN1
2. Different UEs may need to apply different SSBs and obtain different SSB-RO mapping patterns 
· Cause SS/QCL ambiguity at gNB in CBRA 
3. A UE transmitting PRACH may cause interference to another near-by UE that is receiving SSB
· Example 1: UE1 in connected mode transmitting PRACH on RO1 and causing interference to UE3 that is receiving CD-SSB
· Example 2: UE3 that does not know about NCD-SSB may transmit PRACH on RO2 and cause interference to UE1. 

Since NCD-SSB is not configured in a broadcast manner and cannot be recognized by legacy UEs, we suggest 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 3: In TDD, UE always applies CD-SSB (but not NCD-SSB from NonCellDefiningSSB) to determine valid PRACH and PUSCH resources in TDD regardless of whether/which SSB is configured in the BWP.  
· Note: This implies gNB should configure NCD-SSB in a way that it can only invalidate PRACH/PUSCH occasions that are already invalidated by CD-SSB in TDD.

The companion draft CR corresponding to Proposal 3 is provided in R1-2303348 [1].
Conclusion 
[bookmark: _Ref95547977][bookmark: _Ref528853922][bookmark: _Ref481596356][bookmark: _Ref481781528][bookmark: _Ref481782557][bookmark: _Ref101789663][bookmark: _Ref102081114]In this contribution, we discuss whether NCD-SSB should be considered by UE for determining uplink resource validation and clarify issues in the current specification. The following are our observations and proposals.
Observation 1: In RRC Inactive mode, NCD-SSB can be configured via RRCRelease message for UE to perform SDT on a RedCap-specific initial BWP without CD-SSB.
Observation 2: The following texts in clauses 8.1 do not specify the SS/PBCH block is within the current BWP or within the current cell.
· 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 N_gap symbols after a last SS/PBCH block reception symbol,  …
· it does not precede a SS/PBCH block in the PRACH slot and starts at least N_gap symbols after a last downlink symbol and at least N_gap symbols after a last SS/PBCH block symbol, …

Observation 3: The following text in clause 8.1 of TS 38.213 was added for Rel-16 NR-U to distinguish “the candidate SS/PBCH block index” from “the SS/PBCH block index” for shared spectrum operation. It is not meant to and cannot distinguish CD-SSB from NCD-SSB.
· 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.

Observation 4: There is no ssb-PositionsInBurst in NonCellDefiningSSB IE.
Observation 5: Indices of transmitted NonCellDefiningSSBs are also indicated by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon.
Observation 6: According to current specification in TS 38.213, UE should apply all configured SSB in a cell including both CD-SSB and NCD-SSB for determining valid PRACH and PUSCH occasions in TDD.
Observation 7: A UE (e.g. UE1) may determine different sets of valid PRACH occasions and apply different SSB-RO association patterns in different RRC states.
Observation 8: For the same set of PRACH occasions, different UEs (in a same BWP or in different BWPs) may determine different sets of valid PRACH occasions and obtain different SSB-RO association patterns.
Observation 9: SSB/QCL ambiguity may occur at gNB for transmitting Msg2/MsgB/Msg4 in CBRA if different UEs apply different SSB (CD- SSB or NCD-SSB or both) that lead to different sets of valid ROs and hence different SSB-RO association patterns.
Observation 10: When transmitting PRACH, a RedCap UE may cause interference to a legacy UE that is receiving SSB if the RedCap UE only takes NCD-SSB for determining valid ROs. A similar issue can be identified vice versa.

Proposal 1: RAN1 should discuss whether NCD-SSB is taken into consideration for UL resource validation/counting for TDD at least in the following cases:
· A RedCap UE in connected state operating in a DL BWP without CD-SSB but with NCD-SSB.
· PRACH occasion validation (clause 8.1 of 38.213)
· MsgA PUSCH occasion validation (clause 8.1A of 38.213)
· PUSCH repetition resource counting for Msg3 (clause 8.3 of 38.213)
· A RedCap UE in RRC Inactive state operating in a RedCap-specific initial DL BWP without CD-SSB but with NCD-SSB configured for SDT. 
· PUCSH occasion validation (clause 19.1 of 38.213)

Proposal 2: If NCD-SSB is agreed to be used for UL resource validation, RAN1 should further discuss when exactly which SSB-RO association pattern should be applied.
Proposal 3: In TDD, UE always applies CD-SSB (but not NCD-SSB from NonCellDefiningSSB) to determine valid PRACH and PUSCH resources in TDD regardless of whether/which SSB is configured in the BWP.
· Note: This implies gNB should configure NCD-SSB in a way that it can only invalidate PRACH/PUSCH occasions that are already invalidated by CD-SSB in TDD.
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