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1. Background
1.1. NCD-SSB Occasions in Time Domain
According to TS 38.331 [1] , NCD-SSB occasions are not constrained to overlap with CD-SSB occasions in time domain, because network is allowed to configure non-zero time offsets {ms5, ms10, ms15} between CD-SSB and NCD-SSB:
	NonCellDefiningSSB information element [1]
-- ASN1START
-- TAG-NONCELLDEFININGSSB-START

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
    ...
}

-- TAG-NONCELLDEFININGSSB-STOP
-- ASN1STOP

	NonCellDefiningSSB field descriptions

	ssb-TimeOffset
The time offset between CD-SSB of the serving cell and this NCD-SSB. Value ms5 means the first burst of NCD-SSB is transmitted 5ms later than the first burst of CD-SSB transmitted after the first symbol of SFN=0 of the serving cell, value ms10 means the first burst of NCD-SSB is transmitted 10ms later than the first burst of CD-SSB transmitted after the first symbol in SFN=0 of the serving cell, and so on. If the field is absent, RedCap UE considers that the time offset between the first burst of CD-SSB transmitted in the serving cell and the first burst of this NCD-SSB transmitted is zero.






[bookmark: _Hlk146835325]Observation 1: Current RAN2 specification does not constrain NCD-SSB time domain occasions to be subsets of CD-SSB time domain occasions.
1.2 Collision Handling Rules Associated with CD-SSB and RO
Based on RAN1 specification [2], the following rules will hold for all UEs (RedCap and non-RedCap) to handle directional collisions associated with CD-SSB and RACH occasion (RO):
· ROs get invalidated if they collide with CD-SSB.
· CD-SSB symbols are ‘non-flexible downlink’ symbols, i.e., UE is not expected to transmit PUCCH/PUSCH if they collide with SSB and UE is not expected to transmit SRS in the set of symbols where SSB is located.
· Valid RO’s symbols are ‘non-flexible uplink’ symbols, i.e., UE is not expected to receive PDCCH/PDSCH/CSI-RS that collide with valid ROs.
	
”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 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-OrJointTCI-StateList, 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.”


”For a set of symbols of a slot corresponding to a valid PRACH occasion and [image: ] symbols before the valid PRACH occasion, as described in clause 8.1, the UE does not receive PDCCH, PDSCH, or CSI-RS in the slot if a reception would overlap with any symbol from the set of symbols. The UE does not expect the set of symbols of the slot to be indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated. ”



Therefore, we have the following observations:
Observation 2: For any NR UE, ROs get invalidated if they collide with CD-SSB.
Observation 3: Any NR UE can mark CD-SSB symbols as ‘non-flexible downlink’ symbols. CD-SSB symbols are ‘non-flexible downlink’ symbols. UE is not expected to transmit PUCCH/PUSCH if they collide with SSB and UE is not expected to transmit SRS in the set of symbols where SSB is located.
Observation 4: Any NR UE can mark valid RO’s symbols as ‘non-flexible uplink’ symbols. UE is not expected to receive PDCCH/PDSCH/CSI-RS that collide with valid ROs.

1.3 Collision Handling Rules Associated with NCD-SSB and RO
At RAN1#114 meeting, RAN1 made several agreements regarding NCD-SSB’s impact on validation of different UL channels, which are captured in [2]:
	The SS/PBCH blocks in clause 8.1 for determining valid PROs in unpaired spectrum correspond to the SS/PBCH blocks that the UE used to obtain SIB1.
The SS/PBCH blocks in clause 8.1A for determining valid PUSCH occasions in unpaired spectrum correspond to the SS/PBCH blocks that the UE used to obtain SIB1.
The SS/PBCH blocks in clause 6.1.2.1 in [6, TS 38.214] and clause 8.3 for determining the  slots for a PUSCH transmission in unpaired spectrum correspond to the SS/PBCH blocks that the UE used to obtain SIB1.
The SS/PBCH blocks in clause 19.1 for determining valid PUSCH occasions in unpaired spectrum correspond to the SS/PBCH blocks that the UE used to obtain SIB1.



In addition, RedCap UE is instructed to handle collisions between NCD-SSB and UL channels in the same way as it would treat the collision between CD-SSB and UL channels [2] :
	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.



Observation 5: RAN1 specification instructs RedCap UE not to invalidate the ROs that are in flexible symbols of tdd-ul-dl-configCommon, when ROs collide with NCD-SSB but not with CD-SSB.
Observation 6: RAN1 specification instructs RedCap UE to handle collision between NCD-SSB and UL channels in the same way as it would treat the collision between CD-SSB and UL channels.
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Figure 1: Collision handling among NCD-SSB, valid RO and other DL/UL channels

2. Issues for NW Configurations of NCD-SSB
The combination of the specification requirements shown in observations 1-6 make UE’s collision handling related behavior ambiguous when a configured RO is placed in flexible symbols of tdd-ul-dl-configCommon and configured RO collides with NCD-SSB but not CD-SSB. This can be illustrated by Figure 1.
Specification rule of observation 5 requires UE to invalidate configured ROs based on CD-SSB and not NCD-SSB when ROs are in flexible symbols of tdd-ul-dl-configCommon. Hence, as Figure 1 shows, both NCD-SSB and valid ROs can coexist in flexible symbols of tdd-ul-dl-configCommon. This is not practically feasible because a TDD network cannot transmit and receive at the same time. This can be solved by constraining the NCD-SSB time domain occasions, that are located in flexible symbols of tdd-ul-dl-configCommon and collide with configured ROs of active BWP, as subsets of CD-SSB time domain occasions. This was implied in the following proposal of [3], as well, that got submitted to last RAN1 meeting.
[bookmark: _Ref127562070]The proposal in [3] mentioned UE operating on a TDD band always applies CD-SSB (but not NCD-SSB from NonCellDefiningSSB) to determine valid PRACH and PUSCH resources in TDD, regardless whether/which SSB is configured in the BWP.  Besides, it noted “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.”
Although RAN1 agreed to the 1st part of above proposal during the last meeting, it did not capture the note on gNB configuration because the signaling/configuration for NCD-SSB is up to RAN2. As Figure 1 shows, this leads to an ambiguity and the ambiguity can be solved if RAN1 sends an LS to RAN2 so that RAN2 can captures this scheduling restriction in the description of NonCellDefiningSSB IE. 
Observation 7: Existing specification rules allow both NCD-SSB and valid ROs to coexist in flexible symbols of tdd-ul-dl-configCommon. This is not practically feasible because a TDD network cannot transmit and receive at the same time.
Proposal 1: Send a LS to RAN2 to capture the following restrictions for NCD-SSB configuration/scheduling:
· “In TDD, network ensures that NCD-SSB time domain occasions, that are located in flexible symbols of tdd-UL-DL-ConfigCommon, and either succeed a RO in a slot or don’t end at least Ngap symbols before a RO in a slot (where Ngap is defined in section 8 of 38.213), remain as subsets of CD-SSB time domain occasions.”
If proposal 1 is not acceptable, RAN1 needs to decide how UE should mark the symbols where NCD-SSB collide with valid ROs, i.e., whether UE can expect to receive PDCCH/PDSCH/CSI-RS in these channels or to transmit PUSCH/PUCCH/SRS channels. Since RAN1 has already implied these ROs to be valid, marking these symbols as ‘non-flexible uplink’ is a more suitable option. That means, when NCD-SSB occasions collide with valid ROs, UE is not expected to monitor these NCD-SSB occasions and receive PDCCH/PDSCH/CSI-RS in these symbols.
Observation 8: If proposal 1 is not acceptable, RAN1 needs to decide how UE should mark the symbols where NCD-SSB collide with valid ROs, i.e., whether UE can expect to receive PDCCH/PDSCH/CSI-RS in these channels or to transmit PUSCH/PUCCH/SRS channels.
Proposal 2: If proposal 1 is not acceptable, RAN1 can consider adopting the following rule:
· UE is not expected to monitor an NCD-SSB that collides with a valid RO. UE is not expected to receive PDCCH/PDSCH/CSI-RS in the set of NCD-SSB symbols that collide with valid ROs.
Proposal 3: RAN1 discuss and adopt the following draft LS to RAN2:
· Overall Description: RAN1 has discussed RAN2 allowing time offset between CD-SSB and NCD-SSB via ssb-TimeOffset IE. Based on the assumption of non-zero time offset between CD-SSB and NCD-SSB, RAN1 has discussed how to handle collision between NCD-SSB and other uplink channels. 
· Action: RAN1 kindly asks RAN2 to add the following note in the description of NonCellDefiningSSB IE. 
· “In TDD, network ensures that NCD-SSB time domain occasions, that are located in flexible symbols of tdd-UL-DL-ConfigCommon, and either succeed a RO in a slot or don’t end at least Ngap symbols before a RO in a slot (where Ngap is defined in section 8 of 38.213), remain as subsets of CD-SSB time domain occasions.”
Conclusions
In this paper, we discussed the remaining issues for collision handling procedures of RedCap UE. Based on agreements of RAN1 and the current RAN2 specification, we have the following observations and proposals:
Observation 1: Current RAN2 specification does not constrain NCD-SSB time domain occasions to be subsets of CD-SSB time domain occasions
Observation 2: For any NR UE, ROs get invalidated if they collide with CD-SSB.
Observation 3: Any NR UE can mark CD-SSB symbols as ‘non-flexible downlink’ symbols. CD-SSB symbols are ‘non-flexible downlink’ symbols. UE is not expected to transmit PUCCH/PUSCH if they collide with SSB and UE is not expected to transmit SRS in the set of symbols where SSB is located.
Observation 4: Any NR UE can mark valid RO’s symbols as ‘non-flexible uplink’ symbols. UE is not expected to receive PDCCH/PDSCH/CSI-RS that collide with valid ROs.
Observation 5: RAN1 specification instructs RedCap UE not to invalidate the ROs that are in flexible symbols of tdd-ul-dl-configCommon, when ROs collide with NCD-SSB but not with CD-SSB.
Observation 6: RAN1 specification instructs RedCap UE to handle collision between NCD-SSB and UL channels in the same way as it would treat the collision between CD-SSB and UL channels.
Observation 7: Existing specification rules allow both NCD-SSB and valid ROs to coexist in flexible symbols of tdd-ul-dl-configCommon. This is not practically feasible because a TDD network cannot transmit and receive at the same time.
Observation 8: If proposal 1 is not acceptable, RAN1 needs to decide how UE should mark the symbols where NCD-SSB collide with valid ROs, i.e., whether UE can expect to receive PDCCH/PDSCH/CSI-RS in these channels or to transmit PUSCH/PUCCH/SRS channels.

Proposal 1: Send a LS to RAN2 to capture the following restrictions for NCD-SSB configuration/scheduling:
· “In TDD, network ensures that NCD-SSB time domain occasions, that are located in flexible symbols of tdd-UL-DL-ConfigCommon, and either succeed a RO in a slot or don’t end at least Ngap symbols before a RO in a slot (where Ngap is defined in section 8 of 38.213), remain as subsets of CD-SSB time domain occasions.”
Proposal 2: If proposal 1 is not acceptable, RAN1 can consider adopting the following rule:
· UE is not expected to monitor an NCD-SSB that collides with a valid RO. UE is not expected to receive PDCCH/PDSCH/CSI-RS in the set of NCD-SSB symbols that collide with valid ROs.
Proposal 3: RAN1 discuss and adopt the following draft LS to RAN2:
· Overall Description: RAN1 has discussed RAN2 allowing time offset between CD-SSB and NCD-SSB via ssb-TimeOffset IE. Based on the assumption of non-zero time offset between CD-SSB and NCD-SSB, RAN1 has discussed how to handle collision between NCD-SSB and other uplink channels. 
· Action: RAN1 kindly asks RAN2 to add the following note in the description of NonCellDefiningSSB IE. 
· “In TDD, network ensures that NCD-SSB time domain occasions, that are located in flexible symbols of tdd-UL-DL-ConfigCommon, and either succeed a RO in a slot or don’t end at least Ngap symbols before a RO in a slot (where Ngap is defined in section 8 of 38.213), remain as subsets of CD-SSB time domain occasions.”
Reference:
1. TS 38.331, V 17.5.0
2. TS 38.213,  V 17.7.0
3. R1-2308038, 3GPP TSG RAN WG1 #112bis-e.                                                      
image1.wmf
gap

N


image2.png




