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1. [bookmark: _Ref18181]Introduction
In RAN1#116, the support of Redcap/eRedcap UEs for NR-NTN was discussed and following agreement is achieved.
	Agreement
Study at least the following scenarios for (e)RedCap HD-FDD UEs for NTN:
· Whether existing handling rules for the following cases should be reused or updated when taking into account TA mismatch between actual TA used by UE and assumed TA at the gNB based on available TA report: 
· Case 1: Dynamically scheduled DL reception collides with semi-statically configured UL transmission
· Case 2: Semi-statically configured DL reception collides with dynamically scheduled UL transmission
· Case 3: Semi-statically configured DL reception collides with semi-statically configured UL transmission  
· Case 4: Dynamically scheduled DL reception collides with dynamic scheduled UL transmission
· Case 5: Configured SSB collides with dynamically scheduled or configured UL transmission
· Case 6: Dynamic or semi-static DL collides with valid RO
· Case 7: Collision due to direction switching
   
· At least the following potential issues can be further considered for (e)RedCap HD-FDD UEs
· Error cases in case 3 and case 4
· [bookmark: _Hlk162528375]SIB19 reception collides with UL transmission 
· Slot counting for UL repetition transmission colliding with SSB reception
· Invalid symbol determination for PUSCH repetition type B
· Actual TDW determination due to the collision between DL reception and UL transmission with DMRS bundling 
· CPU occupation due to omitted DL reception or UL transmission
Note: Both GSO and Non-GSO should be considered.


In this contribution, the potential issues for (e)RedCap HD-FDD UEs in NR-NTN are further analyzed. 
2. Analysis on the existing handling rules 
In RAN1#116, it was agreed to further discuss whether existing handling rules for collision should be reused or updated when considering TA mismatch in NTN. As listed in the existing spec below, it can be observed that the handling rules are specified based on absolute timing. It means that the impact of TA has already been counted in the specification. Hence, the existing handling rules can be directly reused without update.
	TS 38.213
If a HD-UE would transmit a PUSCH, or PUCCH, or SRS based on a configuration by higher layers and the HD-UE is indicated presence of SS/PBCH blocks within the active DL BWP by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon or by NonCellDefiningSSB, the HD-UE does not transmit 
-	PUSCH or PUCCH if a last symbol of the PUSCH or PUCCH transmission would not be at least  [4, TS 38.211] prior to a first symbol of the next earliest SS/PBCH block
-	PUSCH or PUCCH if a first symbol of the PUSCH or PUCCH transmission would not be at least  [4, TS 38.211] after a last symbol of the previous latest SS/PBCH block 
-	SRS in symbols that would not be at least  prior to a first symbol of the next earliest SS/PBCH block
-	SRS in symbols that would not be at least  after a last symbol of the previous latest SS/PBCH block
If a HD-UE would transmit a PRACH based on a detected DCI format, or PUSCH, or PUCCH, or SRS and the HD-UE is indicated presence of SS/PBCH blocks within the active DL BWP by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon or by NonCellDefiningSSB in a set of symbols, the HD-UE does not transmit PUSCH or PUCCH or PRACH if a transmission would overlap with any symbol from the set of symbols and the HD-UE does not transmit SRS in the set of symbols.


Observation 1: Existing handling rules for UL-DL collision are specified based on absolute timing, which has already considered the TA impact.
Proposal 1: Existing handling rules for UL-DL collision can be reused without update.
3. Discussion on each case
3.1 Case 1 & 2 and error cases (case 3 & case 4)
For case 1 & 2, existing handling rules are based on absolute timing and are valid in NTN as discussed in section 2. More specifically, 
· For case 1, UE may cancel the semi-statically configured UL transmission in case it collides with dynamically scheduled DL transmission. Since gNB is full FDD, gNB is able to receive UL transmission during all the configured UL resources. If gNB is not able to know the accurate UL resource during which UL transmission is cancelled by UE, gNB can drop all the UL receptions that potentially overlap with DL transmission based on implementation. And gNB can schedule a retransmission of the UL transmission that failed due to the drop. That is, it is not essential to let gNB accurately know where collision happens. 
· For case 2, UE may drop the semi-statically configured DL reception if it collides with dynamically scheduled UL transmission. gNB may be able to know whether dropping happens according to the HARQ-ACK from UE. That is, it is not essential to let gNB accurately know where collision happens. 
As a result, there is no need to modify the UE behaviors for case 1 and case 2 since existing rules can be used to handle the collision.
Proposal 2: For case 1 and case 2, no need of enhancement is foreseen with existing handling rules.
For case 3 and case 4, current specification has already specified following UE behaviors.
	TS 38.213
A HD-UE does not expect to detect a DCI format scheduling a reception in a set of symbols and detect a DCI format scheduling a transmission in any symbol from the set of symbols.
A HD-UE does not expect to receive both dedicated higher layer parameters configuring transmission in a set of symbols and dedicated higher layer parameters configuring reception in the set of symbols. A HD-UE does not expect to receive both a Type-0/0A/1/2-PDCCH CSS set configuration for PDCCH reception in a set of symbols and dedicated higher layer parameters configuring transmission in the set of symbols.


From current specification, these two cases are error cases which UE does not expect to happen. It means that if the collision is foreseen at either UE or gNB side, such configuration will not be expected at gNB side. 
In NR-NTN, TA report has been supported with 1ms granularity. With the reported TA, gNB is able to get the information of the whole propagation delay according to the defined UTSRP (Uplink Time Synchronization Reference Point). That is, gNB is able to identify when UE will receive a DL transmission and when UE will perform the UL transmission. Therefore, the UL-DL collision can be avoided by proper scheduling at gNB, e.g., avoiding DL scheduling at DL resources that may overlap with UL transmission as shown in Figure 1. More specifically, 
· For case 4 with both dynamic scheduling, the scheduling decision will be refined with known of UE specific TA with good efficiency. 
· For case 3 between configured grant, although there are potential impacts due to the time-variant TA(RTT), at gNB side, the largest TA can be always assumed when the configuration conducted, which can be implemented for all potential deployment, e.g., one beam per cell or multiple beams per cell.
As a result, there is no need to modify the UE behaviors for case 3 and case 4 since gNB is still able to avoid the error cases.
[image: ]
[bookmark: _Ref158021703]Figure 1 Avoid UL-DL collision based on TA
Observation 2: For case 3 and case 4, the error cases can be avoided by proper gNB scheduling.
Proposal 3: For error cases in case 3 and case 4, no need of enhancement is foreseen with known of the UE specific TA or largest TA value in the service region.
3.2 SIB19 reception collides with UL transmission
The SIB19 transmission is similar to other SIBs except SIB1. Therefore, UE may not able to distinguish the reception of SIB19 and others. As a result, if any SIB19 reception related enhancement is applied, additional enhancement may be needed to distinguish SIB19 and other SIBs.
When SIB19 reception collides with UL transmission, which can be further divided into two cases, i.e., case 1 or case 4 discussed in section 3.1 since SIB19 is dynamically scheduled by DCI. When the UL transmission is semi-statically configured, i.e., case 1, the SIB19 reception will have higher priority and not impacted. When the UL transmission is dynamically configured by DCI, i.e., case 4, the gNB can avoid the collision by proper scheduling as discussed in clause 3.1 and ensures the SIB19 reception. Therefore, for SIB19 reception colliding with UL transmission, reusing existing handling rules is enough.
Observation 3: SIB19 reception colliding with UL transmission belongs to case 1 and case 4 and can be handled by existing handling rules.
Proposal 4: The case of SIB19 reception colliding with UL transmission can be handled by existing specification and no need of enhancement.
3.3 Slot counting for UL repetition transmission colliding with SSB reception
For PUSCH repetition type A and AvailableSlotCounting enabled, or TBoMS, the slot colliding with SSB reception and switching time will not be counted for PUSCH transmission in current specification, e.g., as shown below.
	TS 38.214
For the case of a reduced capability half-duplex UE, the UE determines  slots for a PUSCH transmission of a PUSCH repetition type A scheduled by DCI format 0_1 or 0_2 when AvailableSlotCounting is enabled and K>1, or for a PUSCH transmission of TB processing over multiple slots scheduled by DCI format 0_1 or 0_2, based on the TDRA information field value in the DCI format 0_1 or 0_2. A slot is not counted in the number of  slots if at least one of the symbols indicated by the indexed row of the used resource allocation table in the slot does not start or end at least  or , respectively, from the last or first symbol of an SS/PBCH block with index provided by ssb-PositionsInBurst.


However, due to the TA mismatch between actual TA used by UE and assumed TA at the gNB in NTN, gNB may not know which UL slot overlaps with SSB at UE and thus may not achieve consensus with UE on which slots to be counted. To achieve consensus between UE and gNB, a potential solution is that all the UL slots that may overlap with SSB and switching time are not counted for PUSCH transmission. 
Currently, the TA report is triggered when the TA variation is larger than offsetThresholdTA configured by gNB. That is, the TA mismatch is at most offsetThresholdTA. If UE receives SSB during [t_start, t_end], the UL-DL collision can be avoided if any slot overlapping with [t_start – offsetThresholdTA –  + (TA_actual – TA_report), t_end + offsetThresholdTA +  + (TA_actual – TA_report)] are not counted. gNB can also determine these slots based on the SSB transmission time, reported TA, and configured offsetThresholdTA.
Proposal 5: To achieve consensus on the available slots for PUSCH transmission for PUSCH repetition type A when AvailableSlotCounting is enabled and K>1, or for TBoMS, a slot is not counted if at least one of the symbols in the slot does not start or end at least  or (after taking the reported TA into account), respectively, from the last or first symbol of an SS/PBCH block with index provided by ssb-PositionsInBurst.
3.4 Invalid symbol determination for PUSCH repetition type B
For PUSCH repetition type B, the symbol colliding with SSB reception and switching time will be regarded as invalid for PUSCH transmission in current specification, e.g., as shown below.
	TS 38.214
For a reduced capability half-duplex UE in paired spectrum, symbols that do not start or end at least  or , respectively, from the last or first symbol of an SS/PBCH block with index indicated by ssb-PositionsInBurst in SIB1 or by ssb-PositionsInBurst in ServingCellConfigCommon or by NonCellDefiningSSB, or by ssb-PositionsInBurst in SSB-MTC-AdditionalPCI 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 reception of SS/PBCH blocks are considered as invalid symbols for PUSCH repetition Type B transmission.


The issue is similar to the slot counting in clause 3.3. Hence, similar solution can be used to resolve the ambiguity on invalid symbol. 
Proposal 6: To achieve consensus on the valid symbols for PUSCH transmission for PUSCH repetition type B, symbols that do not start or end at least  or  (after taking the reported TA into account), respectively, from the last or first symbol of an SS/PBCH block are considered as invalid symbols.
3.5 Actual TDW determination due to the collision between DL reception and UL transmission with DMRS bundling
For RedCap UE, following events for actual TDW determination are specified.
	-	For reduced capability half-duplex UEs, 
-	a dropping or cancellation of a PUSCH or PUCCH transmission according to clause 17.2 of [6, TS 38.213] or
-	an overlapping of the gap between two consecutive PUSCH or two consecutive PUCCH transmissions and any symbol of downlink reception or downlink monitoring


As mentioned in clause 2, the existing dropping or cancellation rules for collision can be reused. Hence, no need to enhancement on the actual TDW determination.
Proposal 7: For actual TDW determination, existing events for RedCap UE can be reused.
4. Conclusions
According to the analysis given above, we have the following observations and proposals:
Observation 1: Existing handling rules for UL-DL collision are specified based on absolute timing, which has already considered the TA impact.
Proposal 1: Existing handling rules for UL-DL collision can be reused without update.
Proposal 2: For case 1 and case 2, no need of enhancement is foreseen with existing handling rules.
Observation 2: For case 3 and case 4, the error cases can be avoided by proper gNB scheduling.
Proposal 3: For error cases in case 3 and case 4, no need of enhancement.
Observation 3: SIB19 reception colliding with UL transmission belongs to case 1 and case 4 and can be handled by existing handling rules.
Proposal 4: The case of SIB19 reception colliding with UL transmission can be handled by existing specification and no need of enhancement.
Proposal 5: To achieve consensus on the available slots for PUSCH transmission for PUSCH repetition type A when AvailableSlotCounting is enabled and K>1, or for TBoMS, a slot is not counted if at least one of the symbols in the slot does not start or end at least  or (after taking the reported TA into account), respectively, from the last or first symbol of an SS/PBCH block with index provided by ssb-PositionsInBurst.
Proposal 6: To achieve consensus on the valid symbols for PUSCH transmission for PUSCH repetition type B, symbols that do not start or end at least  or  (after taking the reported TA into account), respectively, from the last or first symbol of an SS/PBCH block are considered as invalid symbols.
Proposal 7: For actual TDW determination, existing events for RedCap UE can be reused.
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